
US 20030208152A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0208152 A1 
(19) United States 

Avrahami et al. (43) Pub. Date: Nov. 6, 2003 

(54) ELECTRONIC CARD FOR TRANSDERMAL 
DRUG DELIVERY AND ANALYTE 
EXTRACTION 

(76) Inventors: Zohar Avrahami, Rehovot (IL); Yossi 
Gross, Moshay MaZor (IL); Ze’ev 
Sohn, Ginot Shornron (IL) 

Correspondence Address: 
JAY S. CINAMON, 
ABELMAN, FRAYNE & SCHWAB 
150 East 42nd Street 
New York, NY 10017 (US) 

(21) 10/461,897 

(22) 

Appl. No.: 

Filed: Jun. 12, 2003 

Related US. Application Data 

(60) Continuation of application No. 09/859,646, ?led on 
May 17, 2001, noW Pat. No. 6,597,946, Which is a 
continuation-in-part of application No. 09/635,892, 
?led on Aug. 10, 2000, noW Pat. No. 6,615,079, 
Which is a division of application No. 09/189,170, 
?led on Nov. 9, 1998, noW Pat. No. 6,148,232. 

50 52 

Publication Classi?cation 

(51) Int. Cl? ..................................................... ..A61N 1/30 
(52) US. Cl. .............................................................. .. 604/20 

(57) ABSTRACT 

Devices for facilitating transderrnal passage of materials are 
provided. In a preferred embodiment, a device for delivering 
a substance to skin of a subject is provided. A substance 
storage unit is adapted to store the substance. An analysis 
unit is adapted to receive a portion on a body ?uid of the 
subject, to analyZe the portion, and to generate a signal 
responsive to the analysis of the portion, One or more 
electrodes are adapted to be placed at respective sites on the 
skin. A substance delivery unit is adapted to receive the 
signal, and, responsive thereto, to drive at least some of the 
one or more electrodes to apply to respective ones of the 

sites on the skin a current capable of ablating stratum 
corneum epiderrnidis of the skin, so as to facilitate delivery 
of the substance from the storage unit through the skin at the 
respective ones of the sites. 
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ELECTRONIC CARD FOR TRANSDERMAL DRUG 
DELIVERY AND ANALYTE EXTRACTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/635,892, entitled, “Transder 
mal drug delivery and analyte extraction,” ?led Aug. 10, 
2000, Which is a divisional based on US. patent application 
Ser. No. 09/189,170 (now US. Pat. No. 6,148,232), ?led 
Nov. 9, 1996, entitled, “Transdermal drug delivery and 
analyte extraction.” Both of these applications share com 
mon inventorship With the inventorship of the present patent 
application and are incorporated herein by reference. 

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 drug delivery and analyte extraction. 

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] In an article, “Micromachined needles for the 
transdermal delivery of drugs,” IEEE 11th Annual Interna 
tional Workshop on Micro-Electro-Mechanical Systems 
(1998), pp. 494-496, Which is incorporated herein by refer 
ence, Henry et al. discuss a method of mechanically punc 
turing the skin With microneedles in order to increase the 
permeability of skin to a test drug in the article, microfab 
rication techniques are described to etch an array of needles 
in silicon, and experiments performed on cadaver skin With 
the needle array demonstrated an increase in permeability 
subsequent to puncture of the skin. The needles are created 
With a predetermined length, and penetrate to the same depth 
from the skin surface, regardless of the local thickness of the 
stratum corneum. It is knoWn that if the needles are longer 
than the local thickness, then the underlying epidermal 
tissue may be injured, While if the needles are too short, 
channel formation through the stratum corneum may be 
incomplete. 

[0005] US. Pat. Nos. 4,775,361, 5,165,418, and 5,423, 
803, and PCT Publication WO 97/07734, the disclosures of 
Which are incorporated herein by reference, describe meth 
ods of using laser pulses to locally heat the stratum corneum 
to about 120° C., thereby causing local ablation, in order to 
cause a single hole to develop in the stratum corneum 
through Which large molecules may pass. Whereas some 
selectivity of ablation depth can be attained by varying the 
Wavelength of the laser pulse, no feedback mechanism is 
disclosed Whereby the laser pulses are terminated upon 
generation of the necessary damage to the stratum corneum. 

Nov. 6, 2003 

[0006] PCT Publication WO 97/07734 also discloses ther 
mal ablation of the stratum corneum using an electrically 
resistive 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 
corneum. As above, no means are disclosed to terminate 

current ?oW upon suf?cient disruption of the stratum cor 
neum. Additionally, thermal characteristics of skin vary 
highly across different areas of an individual’s skin, as Well 
as among a group of subjects, making optimal thermal 
dosages, Which produce the desired ablation Without causing 
pain, very dif?cult to determine. Lastly, increasing transder 
mal molecular ?oW by increasing the permeability of the 
stratum corneum, Whether using microneedles, laser energy, 
or resistive heating of tissue, is inherently a tWo step 
process: (a) position apparatus to generate holes, and (b) 
apply a patch to the skin, through Which the molecules Will 
?oW. 

[0007] Electroporation is also Well knoWn in the art as a 
method to increase pore siZe by application of an electric 
?eld. This process is described in an article by ChiZmadZhev 
et al., entitles “Electrical properties of skin at moderate 
voltages,”Bi0physics Journal, February 1998, 74(2), pp. 
843-856, Which is incorporated herein by reference. Elec 
troporation is disclosed as a means for transiently decreasing 
the electrical resistance of the stratum corneum and increas 
ing the transdermal ?us: of small molecules by applying an 
electric ?eld to increase the siZe of existing pores. Elec 
troporation generally does not produce pores of suf?cient 
diameter to pass large molecules therethrough. Additionally, 
optimal voltage pro?les are difficult to determine because of 
naturally occurring variations as described hereinabove, as 
Well as the lack of an accurate feedback mechanism to 
indicate achievement of the desired pore enlargement. If 
excessive voltage is applied, an irreversible breakdoWn 
occurs, resulting in damage to the skin and possible sensa 
tions of pain. 

[0008] 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 
electroporation.” 

SUMMARY OF THE INVENTION 

[0009] It is an object of some aspects of the present 
invention to provide improved apparatus and methods for 
transdermal delivery of an active substance. 

[0010] It is a further object of some aspects of the present 
invention to provide improved apparatus and methods for 
transdermal analyte extraction. 

[0011] It is yet a further object of some aspects of the 
present invention to provide improved apparatus and meth 
ods for creating narroW channels through the stratum cor 
neum of living skin by puncturing. 

[0012] It is still a further object of some aspects of the 
present invention to provide improved apparatus and meth 
ods for reducing sensation and minimiZing damage to skin 
underlying the stratum corneum during channel creation. 

[0013] It is an additional object of some aspects of the 
present invention to provide improved apparatus and meth 
ods for controlling the timing of channel creation. 
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[0014] It is yet an additional object of some aspects of the 
present invention to provide improved apparatus and meth 
ods for regulating channel creation responsive to properties 
of the skin. 

[0015] It is another object of some aspects of the present 
invention to provide improved apparatus and methods for 
puncturing the skin and/or transdermally delivering an 
active substance and/or transdermally extracting an analyte, 
using a miniature, self-contained device. 

[0016] It is yet another object of some aspects of the 
present invention to provide improved apparatus and meth 
ods for transdermally delivering an active substance using a 
standard medical skin patch. 

[0017] In preferred embodiments of the present invention, 
a device for enhancing transdermal movement of a sub 
stance comprises: (a) a skin patch, With at least tWo elec 
trodes in contact With the skin of a subject; and (b) a control 
unit, coupled to the patch, Which causes a current to pass 
betWeen the electrodes through the stratum corneum epider 
midis, in order to generate at least one micro-channel in the 
stratum corneum to enable or augment transdermal move 
ment of the substance. Preferably, the control unit comprises 
sWitching circuitry to control the magnitude and/or duration 
of the electric ?eld at the electrode. 

[0018] The term “micro-channel” as used in the context of 
the present patent application and in the claims refers to a 
pathWay generally extending from the surface of the skin 
through all or a signi?cant part of the stratum corneum, 
through Which pathWay molecules can diffuse. Preferably, 
micro-channels alloW the diffusion therethrough of large 
molecules at a greater rate than the same molecules Would 
diffuse through pores generated by electroporation. It is 
believed that such micro-channels are formed due to local 
poWer dissapation leading to ablation of the stratum cor 
neum When an electric ?eld of suf?cient magnitude is 
applied to a small area of the skin, in contact With the 
electrodes, for a certain period of time. Unlike methods of 
electrically-promoted drug delivery knoWn in the art, such 
as iontophoresis and electroporation, the present invention 
enables relatively large channels to be formed, through 
Which even large molecules of the active substance can pass 
rapidly, Without the necessity of ioniZing or polariZing the 
molecules. 

[0019] The current ?oW betWeen the electrodes can be 
described as having tWo components: (a) a perpendicular 
component, Which is generally perpendicular to the skin 
surface (and, if the associated electric ?eld is suf?ciently 
large, may cause current to go through the stratum corneum 
into the underlying epidermal tissue and dermis); and (b) a 
lateral component, generally parallel to the skin surface, 
Which remains generally Within the stratum corneum. Sub 
stantially all of the current generated at one electrode 
ultimately emerges from the skin and is taken up by an 
adjacent electrode. 

[0020] In preferred embodiments of the present invention, 
methods and/or apparatus are employed to increase the 
relative value of the lateral component With respect to the 
perpendicular component. In general, the stratum corneum 
epidermidis (the super?cial layer of the epidermis) demon 
strates a signi?cantly higher resistance to the passage of 
molecules therethrough than does the underlying epidermal 

Nov. 6, 2003 

tissue. It is therefore an object of these preferred embodi 
ments of the present invention to form micro-channels in the 
stratum corneum by ablating the stratum corneum in order to 
increase conductance of the substance therethrough, and to 
generally not directly affect or damage epidermal tissue 
underlying the stratum corneum or in the innervated dermis. 
Additionally, limiting current ?oW substantially to the non 
innervated stratum corneum is expected to decrease or 
eliminate the subject’s sensations, discomfort, or pain 
responsive to use of the present invention, particularly as 
compared With other procedures knoWn in the art. 

[0021] A voltage applied betWeen tWo electrodes on the 
skin generates an electric ?eld that is to a large extent 
con?ned to the volume in a vicinity of the electrodes. Thus, 
electrodes Which are Widely spaced produce a ?eld—and 
current ?oW responsive thereto—Which extends relatively 
deep into the skin. Conversely, electrodes Which are closely 
spaced do not generate signi?cant current ?oW at deeper 
layers. Therefore, in some preferred embodiments of the 
present invention, the electrodes of the device are separated 
by distances smaller than about 100 microns (but for some 
applications by distances of up to approximately 500 
microns), in order to generate a current ?oW Which is largely 
con?ned to a thin layer, comprising most or all of the stratum 
corneum. This effectively results in a desired larger value of 
the ratio of the lateral component to the perpendicular 
component, as described hereinabove. 

[0022] In some of these preferred embodiments of the 
present invention, a high-frequency AC current With an 
optional DC current added thereto is applied betWeen the 
closely-spaced electrodes in order to generate lateral capaci 
tive currents in the stratum corneum and to cause breakdoWn 
and micro-channel formation of the stratum corneum. 

[0023] In some preferred embodiments of the present 
invention, the patch comprises an array of electrodes, pref 
erably closely-spaced electrodes, Which act together to pro 
duce a Which micro-channel density in an area of the skin 
under the patch. Preferably, the control unit and/or associ 
ated circuitry sequentially or simultaneously evaluates the 
current ?oW through each electrode, or a subset of the 
electrodes, in order to determine When one or more micro 
channels have formed responsive to the applied ?eld. 
Responsive thereto, the control unit discontinues application 
of the ?eld. Since the formation of a micro-channel is 
typically marked by a local drop in electrical resistance of 
the skin, the control unit may, for example, reduce the 
voltage or current applied at any electrode Wherein the 
current has exceeded a threshold. By reducing current ?oW 
upon or shortly after micro-channel formation, the likeli 
hood of skin burns or pain sensations is minimiZed. 

[0024] In some preferred embodiments of the present 
invention, a relatively high voltage is applied to the elec 
trodes initially, so as to induce formation of micro-channels 
through the skin. Aproperty of the current How is detected, 
and the current is reduced or terminated When the property 
reaches a predetermined threshold. Preferably, the detected 
property of the current How is secondary to changes in a 
conduction property of the skin, responsive to formation of 
one or more micro-channels through the stratum corneum. 

[0025] Alternatively or additionally, a time-varying volt 
age V(t), characteriZed, for example, by the formula V(t)= 
Vo+ktn, is applied betWeen a ?rst electrode and a second 



US 2003/0208152 A1 

electrode in the skin patch until a shut-off signal is gener 
ated. (Constant k and n are nonnegative.) Other forms of 
V(t) may include a sinusoid, an exponential term, or a series 
of pulses. A current I(t), ?owing responsive to the applied 
?eld, is measured by the control unit, as described herein 
above. Calculations of the values of ]I(t)dt, dI/dt and/or 
d I/dt2 are frequently performed. Comparisons of I and/or 
]I(t)dt and/or dI/dt and/or d2I/dt2 With respective threshold 
values are used as indicators of micro-channel formation 
and/or to determine When to generate the shut-off signal for 
the electrodes. 

[0026] Further alternatively or additionally, in embodi 
ments in Which V(t) is sinusoidal, the control unit preferably 
calculates changes in a phase shift betWeen V(t) and I(t) 
during application of the electric ?eld, and controls the ?eld 
responsive to these changes. It is believed that cells in the 
stratum corneum demonstrate capacitance, Which causes the 
phase shift, and that ablation of the stratum corneum 
decreases the capacitance and is evidenced by a decrease in 
the phase shift. 

[0027] Still further alternatively or additionally, the total 
charge Which is passed through the skin is limited by a 
capacitor, inductor, or other energy-storage device. An 
appropriate choice of values for these components sets an 
absolute maximum quantity of charge Which can pass 
through the skin, and thus limits any damage that can be 
caused thereby. 

[0028] In some preferred embodiments of the present 
invention, one or more of the electrodes comprise or are 
coupled to an electrically conductive dissolving element, 
Where the dissolving rate is generally proportional to the 
current passing through the electrode. When a suf?cient 
quantity of charge has passed through the dissolving ele 
ment, the electrode ceases to conduct electricity. Thus, a 
maximum total charge, Qtotal, is associated With an elec 
trode, such that current ?oWs through the element for only 
as long as q(t)III(t)dt<QtOta1. This serves as a safety feature, 
reducing the possibility of skin burns secondary to applied 
electric ?elds. Alternatively or additionally, the dissolving 
element is constructed so that it becomes non-conductive 
after a quantity of charge has passed therethrough Which is 
sufficient to ablate the stratum corneum. 

[0029] In some further preferred embodiments of the 
present invention, the electrodes are “printed” directly on the 
skin, preferably by stamping or by employing a transfer 
patch of a conductive substance (such as, for example, a 
conductive ink containing silver grains) In applications of 
such embodiments of the present invention for transdermal 
drug delivery, the conductive substance preferably com 
prises a matrix holding the drug to be administered to a 
subject. 

[0030] Preferably, the printed electrodes demonstrate a 
substantially complete loss of conductance therethrough 
upon ablation of the stratum corneum responsive to the 
applied electric ?eld. Further preferably, each printed elec 
trode comprises a material Which is conductive only When 
current ?oWing therethrough remains beloW a threshold 
value. If the current exceeds the threshold, then thermal 
fusion of the material causes it to become largely noncon 
ductive, ie the material acts as a fuse. Still further prefer 
ably, current continues to How through the other electrodes 
until they reach the threshold current, at a time Which is 
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generally associated With the time required for ablation of 
the stratum corneum, as described hereinabove. In some of 
these embodiments, the control unit may be made substan 
tially simpler than as described regarding other embodi 
ments, and generally does not need other circuitry in order 
to determine Whether to generate a shut-off signal. 

[0031] In still further preferred embodiments of the 
present invention, tWo electrodes on the patch form a 
concentric electrode pair, in Which an inner electrode gen 
erates a current Which passes through the stratum corneum 
to an outer electrode surrounding the inner electrode. The 
distance betWeen the inner and outer electrodes is preferably 
betWeen about 50 and about 200 microns, or betWeen 200 
microns and about several millimeters, in order to maintain 
the ratio of the lateral to the perpendicular component of the 
current at a high value, as described hereinabove, 

[0032] In some preferred embodiments of the present 
invention, a conductance-enhancing substance, preferably 
comprising a conductive cream or ink, is applied to the skin 
in order to increase the ratio of the lateral to the perpen 
dicular component of current ?oW. Alternatively or addi 
tionally, the conductance-enhancing substance comprises a 
composition With a high diffusion coef?cient, Which diffuses 
into the lipid layers of the stratum corneum and further 
augments the selective poWer dissipation therein, in order to 
ablate the stratum corneas With substantially little damage to 
the underlying tissue. In some applications, the substance 
has an electrical charge associated thereWith, such that When 
a small lateral ?eld is applied, lateral diffusion of the 
substance Within the stratum corneum is enhanced (i.e., 
iontophoresis of the substance). 

[0033] In some of these preferred embodiments Which 
utiliZe a conductance-enhancing substance, the substance 
further comprises an active substance, for example, a phar 
maceutical product, dissolved or mixed therein, Since break 
doWn of the stratum corneum is often associated With 
removal of the enhanced conductivity path afforded by the 
conductance-enhancing substance, it is preferable in many 0 
these embodiments to use a substantially constant voltage 
source to generate current at the electrodes. Removal of the 
enhanced conductivity path Will result in a desired reduced 
poWer dissipation in the stratum corneum (P=V2/R), since 
the voltage remains constant While resistance increases. 

[0034] In other preferred embodiments of the present 
invention, ablation of the stratum corneum is accomplished 
using a current-limited source to poWer the electrodes. It is 
believed that the stratum corneum generally displays high 
electrical resistance, While epidermal tissue underlying the 
stratum corneum has signi?cantly loWer electrical resis 
tance. Ablation of the stratum corneum (i.e., removal of the 
high-resistance tissue) is therefore associated With a net 
decrease of electrical resistance betWeen the electrodes, and 
the poWer dissipated in the epidermis folloWing electrical 
breakdoWn Will decrease, typically proportional to the 
change in resistance (P=I2R). 

[0035] Monitoring changes in voltage, current, and/or 
phase for each electrode in the control unit may require, in 
certain implementations, a signi?cant amount of circuitry. 
Therefore, in some preferred embodiments of the present 
invention, the control unit comprises one or more clusters of 
electrodes, in Which monitoring and control are performed 
for each cluster rather than for the individual electrodes 
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therein The cluster is preferably over a relatively small area 
of skin, for example, from about 1 mm2 to about 100 mm2, 
in Which properties of the skin are assumed to be substan 
tially constant. 

[0036] In some preferred embodiments of the present 
invention, the device it a stand-alone device, Which enables 
transdermal delivery off an active substance or enhances 
transdermal motion of an analyte. Alternatively, the device 
creates micro-channels as described hereinabove and is then 
removed from the skin, in order to enhance the transdermal 
delivery of a substance into or out of a commercially 
available skin patch subsequently placed on the skin. In 
other preferred embodiments of the present invention, the 
device is an add-on to commercially available transdermal 
drug delivery/analyte extraction devices, and serves prima 
rily to create the micro-channels in the stratum corneum, and 
optionally to act as a vehicle through Which the substance 
may pass. 

[0037] In further preferred embodiments of the present 
invention, the device is integrated into a package approxi 
mately the siZe and shape of a credit card, upon the under 
side of Which is disposed an electrode array and a drug 
delivery unit, The electrode array preferably comprises a 
plurality of linear electrode elements, each electrode ele 
ment comprising a plurality of equally-spaced individual 
electrodes, connected in series. In a preferred embodiment, 
electrodes in adjacent linear electrode elements in the elec 
trode array are separated by about 200 microns to about 
several millimeters. Preferably, spaces betWeen the elec 
trodes in the electrode array form the drug delivery unit, and 
are used to store a drug Which is actively or passively 
delivered to the skin folloWing the ablation thereof. Further 
preferably, a cover on the underside of the card is removed 
prior to use, in order to expose the electrodes, the drug, and 
an adhesive Which secures the card to the subject’s skin, 

[0038] In some preferred embodiments of the present 
invention, the device enables transdermal delivery of an 
active substance in conjunction With analyte extraction and 
analysis of the analyte. In a preferred embodiment, the 
device delivers an active substance through the skin of the 
subject, and subsequently extracts an analyte through the 
skin to facilitate the determination of the level of a relevant 
biological substance. In another preferred embodiment, the 
device ?rst extracts an analyte through the subject’s skin, 
then performs an analysis of the analyte, and subsequently 
determines an appropriate dose of an active substance to 
deliver to the subject. Alternatively or additionally, the 
extraction and analysis of the analyte are performed to; 
determine Which of a plurality of active substances to deliver 
to the subject. 

[0039] In accordance With further preferred embodiment 
of the present invention, the device comprises a sensor, 
Which detects other physiological parameters of the subject, 
such as, but not limited to, blood pressure, temperature, 
heart rate, and respiration rate. Preferably, these parameters 
are analyZed to assist in the determination of the type or 
quantity of active substance to be delivered to the subject. 
Further preferably, the analysis of the physiological param 
eters is used to determine the timing of the delivery of the 
active substance. 

[0040] In a preferred embodiment of the present invention, 
the device comprises a body ?uid analysis unit, into Which 
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the subject deposits, for example, a sample of blood, urine, 
or saliva. Preferably, the body ?uid analysis unit is included 
on the card With the electrodes and drug delivery unit, 
alloWing results of analysis of the body ?uid to be used in 
determining parameters of the treatment performed by the 
device. For example, the current level supplied to the 
electrodes, the type and amount of drug to be delivered to the 
subject, or the scheduling of drug delivery may be deter 
mined responsive to results of the body ?uid analysis. 

[0041] For some applications, the device comprises a 
pressure generation unit that is used to propel the active 
substance onto ablated regions of skin. Typically, an electric 
current passed through a liquid stored in the device gener 
ates a gas Which creates a desired amount of pressure to 
facilitate the transfer of active substance into the skin. 

[0042] Alternatively or additionally, the device comprises 
a transport facilitation unit comprising an ultrasonic trans 
ducer Which increases the transport of the active substance 
into the skin, e.g., by imparting high energy to molecules of 
the active substance and/or by enhancing conductance of the 
skin to the substance. Further alternatively or additionally, 
iontophoresis or other methods knoWn in the art are 
employed to improve the transfer of the active substance 
into the skin of the subject, the transfer being initially 
facilitated by ablation of the stratum corneum. 

[0043] In a preferred embodiment of the present invention, 
the device comprises a timing unit, Which alloWs the active 
substance to be delivered to the skin on a speci?ed schedule, 
e.g., three times a day. Alternatively or additionally, ablation 
of the skin is initiated in accordance With a schedule set by 
the timing unit and another factor, such as eating or sleeping. 
Further alternatively or additionally, the timing unit initiates 
analyte extraction and analysis on a speci?ed schedule, such 
that active substance is delivered to the skin as necessary. 
For example, blood sugar could be tested every hour, and 
insulin delivered to the subject responsive to the blood sugar 
level. For some applications, particularly to facilitate a 
diagnosis, the timing unit is con?gured to initiate analyte 
extraction and analysis at a speci?ed time after the active 
substance has been delivered to the skin. This alloWs the 
active substance the prescribed time to enter the subject and 
produce a desired effect before testing occurs. 

[0044] Preferably, the device comprises an output unit to 
communicate relevant information to the subject. For 
example, the subject may be informed regarding the status 
of the device, the outcome of analyte analysis, and the 
amount of active substance delivered to the subject. Prefer 
ably, the output unit comprises a speaker, to give an audible 
output, and/or a display, such as an LCD, to present visual 
information to the subject. 

[0045] In a preferred embodiment of the present invention, 
the device comprises an infrared or other Wireless or Wired 
data port for transferring data to or receiving instructions 
from another computer. For example, transmitted data may 
be designated for storage in a local computer or for analysis 
by a computer or physician at a remote healthcare facility. In 
a preferred application, the data port transmits the amount 
and timing of drug delivered to the subject, and/or results of 
analyte or body ?uid analysis. Typically, the data port is 
con?gured to transmit the data to a local computational 
device, such as a computer, a personal digital assistant 
(PDA) or a cellular telephone, from Which the data can 
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subsequently be accessed by a health care professional at a 
remote site. Preferably, the health care professional is 
enabled to respond to the received information by sending 
instructions back to the device, such that the device changes 
one or more operational parameters thereof responsive to the 
instructions. 

[0046] There is therefore provided, in accordance With a 
preferred embodiment of the present invention, a device for 
delivering a substance to skin of a subject, including: 

[0047] a substance storage unit, Which is adapted to 
store the substance; 

[0048] a sensor, Which is adapted to generate a sensor 
signal responsive to a physiological parameter of the 
subject; 

[0049] one or more electrodes, Which are adapted to 
be placed at respective sites on the skin; and 

[0050] a substance delivery unit, Which is adapted to 
receive the signal, and, responsive thereto, to drive at 
least some of the one or more electrodes to apply to 
respective ones of the sites on the skin a current 
capable of ablating stratum corneum epidermidis of 
the skin, so as to facilitate delivery of the substance 
from the storage unit through the skin at the respec 
tive ones of the sites. 

[0051] Preferably, The sensor includes an analysis unit, 
Which is adapted to receive a portion of a body ?uid of the 
subject, to analyZe the portion, and to generate the sensor 
signal responsive to the analysis of the portion. Alternatively 
or additionally, the analysis unit is adapted to drive at least 
one of the one or more electrodes to apply a substantially DC 
current to the skin so as to enhance by means of iontophore 
sis extraction through the skin of the portion of the body 
?uid. Still further alternatively or additionally, the analysis 
unit is adapted to analyZe the portion of the body ?uid to 
determine a level of sugar in blood of the subject, and to 
generate the signal responsive thereto. For ex-ample, the 
substance storage unit may be adapted to store insulin. 

[0052] In a preferred embodiment, the substance delivery 
unit is adapted: 

[0053] to designate at a ?rst time a ?rst number of the 
one or more electrodes to drive to apply the current, 
responsive to a desired rate of delivery of the sub 
stance during a ?rst time period, and 

[0054] to designate at a second time a second number 
of the one or more electrodes to drive to apply the 
current, responsive to a desired rate of delivery of the 
substance during a second time period, the second 
number being different from the ?rst number. 

[0055] Alternatively or additionally, the substance deliv 
ery unit is adapted to: 

[0056] drive a ?rst subset of the one or more elec 
trodes to apply during a ?rst time period, a current 
capable of ablating stratum corneum in a vicinity of 
the ?rst subset of the one or more electrodes, and 

[0057] drive a second subset of the one or more 
electrodes to apply, during a second time period, a 
current capable of ablating stratum corneum in a 
vicinity of the second subset, 
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[0058] Wherein the second subset includes at least 
one electrode Which is not in the ?rst subset. 

[0059] Still further alternatively or additionally, the sub 
stance delivery unit is adapted to drive a subset of the one 
or more electrodes to apply: 

[0060] during a ?rst time period, a current capable of 
ablating stratum corneum in a vicinity of the subset 
of the one or more electrodes, and 

[0061] during a second time period, a current capable 
of ablating stratum corneum in the vicinity. 

[0062] In a preferred embodiment, the sensor is adapted to 
measure a property of skin in the vicinity. 

[0063] For some applications, at least one of the one or 
more electrodes is adapted to apply to the skin a substan 
tially DC current capable of enhancing by means of ionto 
phoresis the passage of a material through the skin, For 
example, the substance delivery unit may be adapted to drive 
the at least one of the one or more electrodes to apply the 
substantially DC current to the skin so as to enhance by 
means of iontophoresis the delivery of the substance through 
the skin. 

[0064] Preferably, the device includes a transport facilita 
tion unit, adapted to facilitate transport of a material through 
the skin. 

[0065] In a preferred embodiment, the device includes a 
communications unit, Which is adapted to receive the signal 
and, responsive thereto, to transmit information to a com 
puter external to the device. Alternatively or additionally, the 
device includes a communications unit, Which is adapted to 
receive an instruction from a remote computer, and Wherein 
the substance delivery unit is adapted to modify, responsive 
to the instruction, a parameter of the current. 

[0066] In a preferred embodiment, the sensor includes an 
analysis unit Which s adapted to drive a subset of the one or 
more electrodes to apply a current to the skin, so as to 
facilitate extraction therefrom of an analyte in a body ?uid 
of the subject. For example, the analysis unit may be adapted 
to drive the subset of the one or more electrodes to apply a 
current to the skin capable of ablating stratum corneum 
epidermidis of the skin. 

[0067] For some applications, the sensor includes an 
analysis unit Which is adapted to analyZe at least one of; 
blood of the subject, urine of the generate the signal respon 
sive thereto. 

[0068] There is further provided, in accordance With a 
preferred embodiment of the present invention, a device for 
delivering a substance to skin of a subject, including: 

[0069] 
[0070] a set of electrodes, ?xed to the housing, Which 

set of electrodes is adapted to be placed at respective 
sites on the skin; 

[0071] an analysis unit, ?xed to the housing, Which 
analysis unit is adapted to drive a ?rst subset of the 
set of electrodes to apply a current to the skin so as 
to facilitate extraction therefrom of an analyte, to 
analyZe the analyte, and to generate a signal respon 
sive to the analysis of the analyte; 

a housing; 
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[0072] a substance storage unit, ?xed to the housing, 
Which storage unit is adapted to store the substance; 
and 

[0073] a substance delivery unit, ?xed to the housing, 
Which delivery unit is adapted to receive the signal, 
and, responsive thereto, to drive a second subset of 
the set of electrodes to apply current to the skin so as 
to facilitate delivery of the substance from the stor 
age unit through the skin. 

[0074] In a preferred embodiment, the device includes a 
transport facilitation unit, adapted to facilitate transport of a 
material through the skin. 

[0075] In a preferred embodiment, the analysis unit is 
adapted to drive the ?rst subset of the set of electrodes to 
apply a substantially DC current to the skin, to enhance by 
means of iontophoresis the extraction of the analyte through 
the skin. Alternatively or additionally, the substance delivery 
unit is adapted to drive the second subset of the set of 
electrodes to apply a substantially DC current to the skin to 
enhance by means of iontophoresis the delivery of the 
substance through the skin. 

[0076] For some applications, the ?rst subset of electrodes 
includes at least one electrode in the second subset of 
electrodes. For other applications, the ?rst subset of elec 
trodes consists exclusively of electrodes Which are not in the 
second subset of electrodes. 

[0077] There is yet further provided, in accordance With a 
preferred embodiment of the present invention, a device for 
analyZing an analyte extracted through skin of a subject, 
including: 

[0078] one or more electrodes, Which are adapted to 
be placed at respective sites on the skin; 

[0079] a control unit, Which is adapted to drive the 
one or more electrodes to apply a current to the 

respective sites on the skin capable of ablating 
stratum corneum epidermidis of the skin, so as to 
facilitate extraction of the analyte through the skin; 

[0080] an analysis unit, Which is adapted to analyZe 
the analyte and to generate a signal responsive to the 
analysis of the analyte, and 

[0081] a communications unit, Which is adapted to 
receive the signal and, responsive thereto, to transmit 
information to a computer external to the device. 

[0082] There is still further provided, in accordance With 
a preferred embodiment of the present invention, a device 
for regulating a substance in the body of a subject, including: 

[0083] an analysis Unit, Which is adapted to receive 
a portion of a body ?uid of the subject, to analyZe the 
portion, and to generate a signal, responsive to an 
actual level of the substance in the portion; 

[0084] a material storage unit, Which is adapted to 
store tWo or more different material in respective 
regions of the material storage unit; one 

[0085] one or more electrodes, Which are adapted to 
be placed at respective sites on the skin; and 

[0086] a material delivery unit, Which is adapted to 
receive the signal, and, responsive thereto, to drive 
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the one or more electrodes to apply current to the 
respective sites or the skin capable of facilitating 
delivery of one or more of the materials from the 
storage unit through the skin at the respective sites, 
so as to maintain a desired level of the substance in 
the body of the subject. 

[0087] For some applications, the device includes a trans 
port facilitation unit, adapted to facilitate transport of the 
portion through the skin. Alternatively or additionally, the 
device includes a transport facilitation unit, adapted to 
facilitate transport of one of the substances through the skin. 

[0088] Preferably, the material delivery unit is adapted to 
con?gure the current, responsive to the signal, so as to 
facilitate delivery of the material stored in one of the 
regions, While substantially not facilitating the delivery of 
the material stored in another one of the regions. 

[0089] There is also provided, in accordance With a pre 
ferred embodiment of the present invention, a device for 
analyZing an analyte extracted through skin of a subject, 
including: 

[0090] a housing; 

[0091] one or more electrodes, ?xed to the housing, 
Which one or more electrodes are adapted to be 
placed at respective sites on the skin; 

[0092] a control unit, ?xed to the housing, Which 
control unit is adapted to drive at least some of the 
one or more electrodes to apply a current to the 

respective sites on the skin capable of ablating 
stratum corneum epidermidis of the skin, so as to 
facilitate extraction of the analyte through the skin; 
and 

[0093] an analysis unit, ?xed to the housing, Which is 
adapted to analyZe the analyte and to generate a 
signal responsive to the analysis of the analyte. 

[0094] For some applications, the control unit is adapted: 

[0095] to designate at a ?rst time a ?rst number of the 
one or more electrodes to drive to apply the current, 
responsive to a desired extraction rate of the analyte 
during a ?rst time period, and 

[0096] to designate at a second time a second number 
of the one or more electrodes to drive to apply the 
current, responsive to a desired extraction rate of the 
analyte during a second time period, the second 
number being different from the ?rst number. 

[0097] In a preferred embodiment, the control unit is 
adapted to: 

[0098] drive a ?rst subset of the one or more elec 
trodes to apply, during a ?rst time period, a current 
capable of ablating stratum corneum in a vicinity of 
the ?rst subset of the one or more electrodes, and 

[0099] drive a second subset of the one or more 
electrodes to apply, during a second time period, a 
current capable of ablating stratum corneum in a 
vicinity of the second subset, 

[0100] Wherein the second subset includes at least 
one electrode Which is not in the ?rst subset. 
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[0101] Preferably, the device includes a sensor, adapted to 
measure a physiological parameter of the subject and to 
generate a sensor signal responsive thereto, Wherein the 
control unit is adapted to designate the ?rst and second times 
responsive to the sensor signal. 

[0102] For some applications, the control unit is adapted 
to drive a subset of the one or more electrodes to apply: 

[0103] during a ?rst time period, a current capable of 
ablating stratum corneum in a vicinity of the subset 
of the one or more electrodes, and 

[0104] during a second time period, a current capable 
of ablating stratum corneum in the vicinity. 

[0105] In a preferred embodiment, the device includes a 
sensor, adapted to measure a physiological parameter of the 
subject and to generate a sensor signal responsive thereto, 
Wherein the control unit is adapted to drive the at least some 
of the one or more electrodes to apply the current responsive 
to the sensor signal. For example, the sensor may be adapted 
to measure a physiological parameter selected from the list 
consisting of: transepidermal Water loss (TEWL), a property 
of the skin, temperature, blood pressure, heart rate, and 
respiration rate. 

[0106] Typically, the device includes: 

[0107] a substance storage unit, Which is adapted to 
store a substance; and 

[0108] a substance delivery unit, Which is adapted to 
receive the signal generated by the analysis unit, and, 
responsive thereto, to drive a subset of the one or 
more electrodes to apply a substance-delivery-unit 
current to respective ones of the sites on the skin so 
as to facilitate delivery of the substance from the 
storage unit through the skin at the respective ones of 
the sites. 

[0109] There is additionally provided, in accordance With 
a preferred embodiment of the present invention, a method 
for delivering a substance to skin of a subject, including: 

[0110] sensing a physiological parameter of the sub 
ject; 

[0111] analyZing the parameter; and 

[0112] responsive to the analysis of the parameter, 
applying to the skin a current capable of ablating 
stratum corneum epidermidis of the skin, so as to 
facilitate delivery of the substance into the skin, 

[0113] There is yet additionally provided, in accordance 
With a preferred embodiment of the present invention, a 
method for analyZing an analyte extracted through skin of a 
subject, including: 

[0114] applying to the skin a current capable of 
ablating stratum corneum epidermidis of the skin, so 
as to facilitate extraction of the analyte through the 
skin; 

[0115] analyZing the analyte in a device that is a 
subject to the skin; and 

[0116] responsive to the analysis, transmitting infor 
mation to a computer external to the device. 
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[0117] There is still additionally provided, in accordance 
With a preferred embodiment of the present invention, a 
method for regulating a substance in the body of a subject, 
including: 

[0118] storing tWo or more different materials in 
respective regions of a material storage unit; 

[0119] sensing a physiological parameter of the sub 
ject; 

[0120] analyZing the parameter to obtain an indica 
tion of an actual level of the substance in the body of 
the subject; 

[0121] selecting a material from the tWo or more 
materials, responsive to the analysis; and 

[0122] applying to skin of the subject a current 
capable of facilitating delivery of the selected mate 
rial from the storage unit into the skin, so as to 
maintain a desired level of the substance in the body 
of the subject. 

[0123] There is also provided, in accordance With a pre 
ferred embodiment of the present invention, a device for 
facilitating transdermal passage of a substance through skin 
of a subject, including: 

[0124] one or more electrodes, Which are adapted to 
be placed at respective sites on the skin; 

[0125] a control unit, Which is adapted to drive at 
least some of the one or more electrodes to apply to 
respective ones of the sites on the skin a current 
capable of ablating stratum corneum epidermidis of 
the skin; and 

[0126] a transport facilitation unit, adapted to facili 
tate transdermal passage of the substance through an 
ablated region of the stratum corneum. 

[0127] For some applications, the transport facilitation 
unit includes a pressure generation unit, Which is adapted to 
generate a pressure in a vicinity of the skin capable of 
facilitating the transport of the substance through the skin. In 
a preferred embodiment, the device includes a storage unit, 
adapted to store the substance, and the pressure generation 
unit is adapted to generate a positive pressure capable of 
facilitating the delivery of the substance from the storage 
unit through the skin. Alternatively or additionally, the 
pressure generation unit is adapted to generate a negative 
pressure capable of facilitating extraction of the substance 
through the skin. 

[0128] For further applications, the transport facilitation 
unit includes a mechanical vibration unit, Which is adapted 
to generate vibrations in the skin capable of facilitating the 
transport of the substance through the skin. In a preferred 
embodiment, the device includes a storage unit, adapted to 
store the substance, and the mechanical vibration unit is 
adapted to generate vibrations capable of facilitating deliv 
ery of the substance from the storage unit through the skin. 
Alternatively or additionally, the mechanical vibration unit 
is adapted to generate vibrations capable of facilitating 
extraction of the substance through the skin. 

[0129] For yet further applications, the transport facilita 
tion unit includes an ultrasound generation unit, Which is 
adapted to generate ultrasound Waves in a vicinity of the skin 
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capable of facilitating transport of the substance through the 
skin. In a preferred embodiment, the device includes a 
storage unit, adapted to store the substance, and the ultra 
sound generation unit is adapted to generate the ultrasound 
Waves so as to facilitate delivery of the substance from the 
storage unit through the skin. Alternatively or additionally, 
the ultrasound generation unit is adapted to generate the 
ultrasound Waves so as to facilitate extraction of the portion 
of the body ?uid through the skin. 

[0130] There is further provided, in accordance With a 
preferred embodiment of the present invention, a device for 
facilitating transdermal passage of a substance through skin 
of a subject, including: 

[0131] one or more electrodes, Which are adapted to 
be placed at respective sites on the skin; and 

[0132] 
[0133] to drive at least some of the one or more 

electrodes to apply to respective ones of the sites on 
the skin a current capable of ablating stratum cor 
neum epidermidis of the skin, so as to facilitate 
transdermal passage of the substance through the 
skin, 

[0134] to designate at a ?rst time a ?rst number of the 
one or more electrodes to drive to apply the current, 
responsive to a desired rate of passage of the sub 
stance during a ?rst time period, and 

[0135] to designate at a second time a second number 
of the one or more electrodes to drive to apply the 
current, responsive to a desired rate of passage of the 
substance during a second time period, the second 
number being different from the ?rst number. 

a control unit, Which is adapted: 

[0136] Preferably, the control unit is adapted to drive the 
current as an alternating current (AC), e.g., having a fre 
quency of the current to be betWeen about 1 kHZ and about 
300 kHZ. 

[0137] Typically, the control unit is adapted to drive the 
current that is capable of causing ablation during a ?rst time 
period, 50 as to facilitate passage of the substance through 
an ablated area of the stratum corneum during a second time 
period, subsequent to the ?rst time period. 

[0138] There is yet further provided, in accordance With a 
preferred embodiment of the present invention, a device for 
facilitating transdermal passage of a substance through skin 
of a subject, including: 

[0139] one or more electrodes, Which are adapted to 
be placed at respective sites on the skin; and 

[0140] 
[0141] to drive a ?rst subset of the one or more 

electrodes to apply during a ?rst time period, a 
current capable of ablating stratum corneum in a 
vicinity of the ?rst subset of the one or more elec 
trodes, so as to facilitate transdermal passage of the 
substance through the skin, and 

[0142] to drive a second subset of the one or more 
electrodes to apply, during a second time period, a 
current capable of ablating stratum corneum in a 

a control unit, Which is adapted: 
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vicinity of the second subset, so as to facilitate 
transdermal passage of the substance through the 
skin, 

[0143] Wherein the second subset includes at least 
one electrode Which is not in the ?rst subset. 

[0144] In a preferred embodiment, the control unit is 
adapted to drive the current that is capable of causing 
ablation during the ?rst time period, so as to facilitate 
passage of the substance through an ablated area of the 
stratum corneum during a substance-passage time period 
subsequent to the ?rst time period. 

[0145] There is still further provided, in accordance With 
a preferred embodiment of the present invention, a device 
for facilitating transdermal passage of a substance through 
skin of a subject, including: 

[0146] one or more electrodes, Which are adapted to 
be placed at respective sites on the skin; and 

[0147] a control unit, Which is adapted to drive a 
subset of the one or more electrodes to apply: 

[0148] during a ?rst time period, a current capable of 
ablating stratum corneum in a vicinity of the subset 
of the one or more electrodes, and 

[0149] during a second time period, a current capable 
of ablating stratum corneum in the vicinity of the 
subset of the one or more electrodes. 

[0150] The present invention Will be more fully under 
stood from the folloWing detailed description of the pre 
ferred embodiments thereof, taken together With the draW 
ings in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0151] FIG. 1A is a schematic, partly sectional illustration 
of a device for transdermal transport of a substance, in 
accordance With a preferred embodiment of the present 
invention; 

[0152] FIG. 1B is a schematic, partly sectional illustration 
of another device for transdermal transport of a substance, in 
accordance With a preferred embodiment of the present 
invention; 

[0153] FIG. 2 is a schematic bottom vieW of the device of 
FIG. 1A, in accordance With a preferred embodiment of the 
present invention; 

[0154] FIG. 3 is a schematic illustration of a sWitching 
unit in the device of FIG. 1A, in accordance With a preferred 
embodiment of the present invention; 

[0155] FIG. 4 is a schematic illustration of an electrode 
assembly, in accordance With a preferred embodiment of the 
present invention; 

[0156] FIG. 5 is a schematic illustration of another elec 
trode assembly, in accordance With a preferred embodiment 
of the present invention; 

[0157] FIG. 6 is a schematic illustration of yet another 
electrode assembly, in accordance With a preferred embodi 
ment of the present invention; 
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[0158] FIG. 7 is a schematic illustration of still another 
electrode assembly, in accordance With a preferred embodi 
ment of the present invention; 

[0159] FIGS. 8A and 8B are schematic illustrations of 
charge-limited electrode assemblies, in accordance With 
preferred embodiments of the present invention; 

[0160] FIG. 9 is a schematic illustration of another 
charge-limited electrode assembly, in accordance With a 
preferred embodiment of the present invention; 

[0161] FIG. 10 is a schematic illustration of yet another 
charge-limited electrode assembly, in accordance With a 
preferred embodiment of the present invention: 

[0162] FIG. 11A is a schematic side vieW of a concentric 
electrode assembly, in accordance With a preferred embodi 
ment of the present invention; 

[0163] FIG. 11B is a schematic top vieW of a common 
electrode layer in the concentric electrods assembly of FIG. 
11A, in accordance With a preferred embodiment of the 
present invention; 

[0164] FIGS. 12A and 12B are schematic illustration of 
tWo sides of an electronic drug delivery card, in accordance 
With a preferred embodiment of the present invention; 

[0165] FIG. 13 is a schematic illustration of an electronic 
card for transdermal drug delivery and analysis of sub 
stances, in accordance With a preferred embodiment of the 
present invention; and 

[0166] FIG. 14 is a schematic illustration of a system for 
communicating results from the card in FIG. 13 to a 
healthcare professional, in accordance With a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0167] FIG. 1A is a schematic, partly sectional illustration 
of a skin puncturing device 20 for transdermal delivery of an 
active substance and/or transdermal extraction of an analyte, 
in accordance With a preferred embodiment of the present 
invention. Device 20 comprises a control unit 30 attached to 
a skin patch 40, Which is preferably ?xed to a suitable area 
of a subject’s skin 22, Device 20 preferably administers an 
active substance through the normally substantially-imper 
meable stratum corneum layer of the skin by passing a 
controlled electric current therethrough, thereby ablating the 
stratum corneum and generating micro-channels through 
Which the substance can pass, Alternatively or additionally, 
device 20 is used to generate micro-channels in the stratum 
corneum in order to alloW passage of molecules to patch 40 
from the underlying tissue, generally for diagnostic pur 
poses. 

[0168] When device 20 drives current through the stratum 
corneum, this tissue is heated resistively, so that When a 
sufficient quantity of energy has passed therethrough in a 
short time period, the tissue is ablated by the total energy 
dissipated therein. This ablation creates the desired micro 
channels, i.e. physical gaps in the tissue. It has been found 
that application of a current to a small area of the skin leads 
to formation of such micro-channels, through Which even 
large molecules can pass relatively freely, Without the neces 
sity of ioniZing or polariZing the molecules, and Without 
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causing pain or substantial trauma to the dermis and epi 
dermal tissue underlying the stratum corneum. 

[0169] Control unit 30 preferably comprises a sWitching 
unit 50, a battery 52 (such as a lithium coin cell battery), and 
an optional user-interface comprising buttons 54 and a 
sensible signal generator 56, Which may comprise a display 
and/or a buZZer. In a simplest embodiment, buttons 54 
initialiZe and terminate analyte extraction or delivery of the 
active substance, although buttons 54 preferably also pro 
grammably control extraction or dosage rate and duration. 

[0170] Patch 40 comprises tWo or more electrodes 60, 
preferably an array 75 of electrodes, Which pass current into 
and out of the skin. In applications of device 26 for trans 
dermal drug delivery, When a micro-channel has formed 
responsive to current ?oW betWeen the electrodes, the active 
substance stored in patch 40 ?oWs therethrough. In the 
patch, the active substance is preferably stored in or applied 
to inter-electrode regions 68 and ?oWs directly therefrom 
into the micro-channels created in the skin. 

[0171] Control unit 30, containing sWitching unit 50 and 
battery 52, is preferably designed for repeated use, to be 
removably attached to disposable skin patch 40. Before use, 
control unit 30 is ?tted onto patch 40, and a protective tab 
(not shoWn) on the loWer surface of patch 40 is preferably 
removed, exposing the one or more electrodes 60, and, in 
drug delivery systems, the active substance. One or more 
optional alignment pins 32 are preferably incorporated into 
control unit 30 and/or skin patch 40 to maintain proper 
alignment therebetWeen. Fitting control unit 30 to patch 40 
also couples electrical contacts 62 on a loWer surface of 
control unit 30 With electrical contacts 58 on an upper 
surface of skin patch 40. In some other preferred embodi 
ments of the present invention (not shoWn), control unit 30 
and skin patch 40 are constructed as one integrated unit. 

[0172] FIG. 1B is a schematic, partly sectional illustration 
of another device 21 for transdermal transport of a substance 
in accordance With a preferred embodiment of the present 
invention. Device 21 operates in substantially the same 
manner as device 20, described hereinabove, but device 21 
is preferably used in an add-on con?guration With commer 
cially available medical patches. Typically, a medical patch 
74 is coupled to a porous, thin, ?exible, and disposable 
electrode patch 70, Which is used to create micro-channels 
in skin 22 so as to enable enhanced How of an active 
substance stored Within medical patch 74 through electrode 
patch 70 and into skin 22. 

[0173] Electrode patch 70 is preferably constructed such 
that electrical contacts 58 thereof are coupled to electrical 
contacts 62 of control unit 30 and carry charge through 
?exible leads 76 and 78 internal to patch 70, in order to 
create an electric ?eld betWeen electrodes 120 placed against 
the surface of skin 22. Prior to use, medical patch 74 is 
placed onto electrode patch 70, typically on the opposite side 
of patch 70 from electrodes 120. An adhesive on the 
underside of medical patch 74 preferably secures the tWo 
patches together. Subsequently, electrode patch 70 is folded 
over, as shoWn in FIG. 15, such that an upper surface of 
patch 74 is secured through an adhesive 72 to electrode 
patch 70. During operation of device 21, the active sub 
stance preferably diffuses from the loWer surface of patch 74 
into, and then through, patch 70 into skin 22. Device 21 is 
thus compatible With a broad range of currently available 



US 2003/0208152 A1 

active or passive medical patches, Which are typically of the 
same general construction (thin shell, internal reservoir of 
active substance, porous and adhesive-coated undersurface). 

[0174] It is understood, of course, that device 21 as 
described is only one of many Ways to implement some 
aspects of the present invention, Alternatively, for example, 
electrode patch 70 is not folded over; instead, control unit 30 
is placed next to medical patch 74 on top of electrode patch 
70. Further alternatively, control unit 30 has electrical con 
tacts on its upper surface to Which are coupled the electrical 
contacts of the electrical patch. 

[0175] FIG. 2 is a schematic bottom vieW of skin patch 40 
from FIG. 1A, shoWing array 75 of electrodes 60, in 
accordance With a preferred embodiment of the present 
invention, Although array 75 as shoWn comprises sixteen 
electrodes, it is understood that in some implementations the 
array might be smaller, While in others the array might be 
larger, for example 50x50 or even more, so as to enable a 
greater amount of the active substance to be delivered or 
analyte to be extracted. Electrodes 60 in this embodiment are 
preferably organiZed into eight electrode sets 77, such that 
most of the charge leaving one electrode in a set goes to the 
other electrode in that set, and generally does not go to 
electrodes in an adjacent set. Electrode sets 77 are further 
preferably densely packed in order to maximiZe the trans 
dermal transfer rate. By Way of illustration and not limita 
tion, the density may range from 4-100 electrode sets/cm2. 
Each electrode set typically generates at least one micro 
channel before a threshold of current or total charge transfer 
is passed, responsive to Which sWitching unit 50 preferably 
causes current to the electrode set to be terminated or 

reduced, as described herein, 

[0176] FIG. 3 is a schematic illustration of sWitching unit 
50 in device 20 of FIG. 1A, con?gured to control a 4x4 
array of electrodes 60, as in FIG. 2, in accordance With a 
preferred embodiment of the present invention, SWitching 
unit 50 preferably comprises a CPU 80 Which actively 
controls the voltage V(t) applied to sixteen conductors 90 
leading to electrodes 60. CPU 80 monitors the current ?oW, 
I(t), through each of conductors 90 leading to electrodes 60 
in order to determine Whether a characteristic of the current 
(e.g., time-integrated current, I, dI/dt, d2I/dt2) has surpassed 
a threshold, indicating micro-channel formation. The CPU 
terminates current How to any electrode for Which the 
threshold has been surpassed. Alternatively or additionally, 
in some applications, some of electrodes 60 are generally not 
used to initiate channel formation, but serve primarily to 
alloW CPU 80 and/or other circuitry to monitor electrical 
properties of skin 22. 

[0177] CPU 60, Which receives a clock signal from an 
oscillator 92, preferably communicates With and controls 
electrodes 60 through eight data lines 91 and four control 
lines 85 Which lead to an A/D-D/A converter 82, and by ?ve 
address lines &4 and four control lines 86 Which lead to a 
multiplexing unit 88. It Will be understood by one skilled in 
the art that there are many methods to monitor and control 
current through a plurality of conductors, and that using a 
CPU, A/D-D/A converter and multiplexing unit as described 
herein is just one of these. Generally, data lines 81 carry in 
alternation a loW byte and a high byte of data betWeen the 
CPU and A/D-D/A converter 82. Typically, 10 bits of data, 
representing a desired voltage for one of the sixteen elec 
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trodes, are converted to an analog voltage in A/D-D/A 
converter 82, and this voltage is passed by multiplexing unit 
86 to an appropriate electrode, the electrode selection being 
determined by the binary values represented in address lines 
84. In many applications, feWer than 10 bits are required to 
de?ne voltages for the respective electrodes, and circuitry 
Within sWitching unit 50 is accordingly simpler. 

[0178] Intermittently, CPU 80 enters a current-sensing 
mode, Wherein sWitching unit 50 continues to drive current 
through conductors 90, but the CPU changes the state of 
control lines 65 and 86 in order to measure the current ?oW 
through conductors 90. Responsive to the change in control 
lines 86, multiplexing unit 68 measures a current through 
one of conductors 90, converts this measurement to a 
voltage, and passes the voltage to A/D-D/A converter 82 
Which in turn passes the digital value representing the 
current to the CPU. Preferably, CPU 60 scans through each 
of the sixteen electrodes, detects a present current ?oW 
value, stores this value in an optional memory unit 69, 
optionally compares the value With prior values for the same 
electrode in order to calculate ]I(t)dt, dI/dt and/or d2I/dt2, 
and regulates the potential of that electrode responsive to the 
current measurement and/or optional calculation. It Will be 
understood by one skilled in the art that CPU 60, oscillator 
92, and memory 89 could be replaced by other circuitry able 
to perform generally the same functions. 

[0179] FIG. 4 is a schematic illustration of an electrode 
assembly 9A, comprising a plurality of electrodes 120, 
Which are placed on skin 22 in order to generate micro 
channels in the stratum corneum 100, in accordance With a 
preferred embodiment of the present invention. Electrodes 
120 in assembly 94 are grouped in sometimes overlapping 
sets of tWo or more electrodes, forming a plurality of 
electrode sets 124, one of Which is indicated With a dashed 
line in FIG. 4. Current, coming from sWitching unit 50, 
generally ?oWs from one electrode in each electrode set to 
the other electrodes of the set. An arroW going betWeen the 
tWo electrodes in set 12 indicates the preferred How of 
current. 

[0180] Preferably, the spacing betWeen electrodes in each 
electrode set is smaller than about 0.1 mm, although for 
some applications it may range from (by Way of illustration 
and not limitation) 0.1 mm to about 0.3 mm. Generally, the 
distance is set such that an electric ?eld penetration depth is 
achieved Which is substantially of the same magnitude as the 
thickness of the stratum corneum, so that the current mostly 
does not enter epidermal tissue underlying the stratum 
corneum. Experimental results have shoWn that the depth of 
deepest ablation is generally similar to the electrode spacing, 
so maintaining the spacing betWeen about 0.01 mm and 
about 0.1 mm optimiZes generation of micro-channels While 
substantially reducing damage, sensation and/or pain in the 
innervated dermis and in the epidermal tissue beloW the 
stratum corneum. 

[0181] At any point in the skin in a vicinity of tWo 
electrodes placed thereon, the electric ?eld generated 
betWeen the electrodes can be vieWed as having fundamen 
tally tWo components: a component perpendicular to the 
skin, Which generally causes current ?oW perpendicular to 
the skin; and a lateral component, Which generally causes 
current ?oW parallel to the skin, At a point in the skin 
in?nitesimally beloW one of the electrodes, the perpendicu 






















