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CURRENT CONTROL FOR ELECTROTRANSPORT DRUG DELIVERY

INCORPORATION BY REFERENCE
[0001]  All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD
[0002]  The present invention relates generally to an electrotransport drug delivery device. In
particular, the invention is directed to a constant current supply circuit which has improved
safety.

BACKGROUND
[0003] A variety of drug delivery systems, including automatic drug delivery systems, are
known. Because the consequences of delivering an inappropriate dosage (e.g., too much or too
little) of a drug can be life threatening, it is of critical importance that drug delivery systems be
extremely accurate. Drug delivery systems that are configured to deliver medication to patients
must be configured to prevent even unlikely accidental delivery events. In particular, drug
delivery systems that electrically delivery drug to a patient, including transdermal or other
electrotransport drug delivery devices, be prevented from accidentally providing drug to the
patient, ‘
[0004]  The term "electrotransport” as used herein refers generally to the delivery of an agent
(e.g., a drug) through a membrane, such as skin, mucous membrane, or nails. The delivery is
induced or aided by application of an electrical potential. For example, a beneficial therapeutic
agent may be introduced into the systemic circulation of a human body by electrotransport
delivery through the skin. A widely used electrotransport process, electromigration (also called
iontophoresis), involves the electrically induced transport of charged ions. Another type of
electrotransport, electro-osmosis, involves the flow of a liquid. The liquid contains the agent to
be delivered, under the influence of an electric field. Still another type of electrotransport
process, electroporation, involves the formation of transiently-existing pores in a biological
membrane by the application of an electric field. An agent can be delivered through the pores
either passively (i.e., without electrical assistance) or actively (i.e., under the influence of an
electric potential). However, in any given electrotransport process, more than one of these
processes may be occizuning‘simultaneously to a certain extent. Accordingly, the term

"electrotransport", as used herein, should be given its broadest possible interpretation so that it

-1-



10

15

20

25

30

35

WO 2013/187951 PCT/US2013/029114

includes the electrically induced or enhanced transport of at least one agent, which may be
charged, uncharged, or a mixture thereof, regardless of the specific mechanism or mechanisms
by which the agent actually is transported.

[0005]  In general, electrotransport devices use at least two electrodes that are in electrical
contact with some portion of the skin, nails, mucous membrane, or other surface of the body.
One electrode, commonly called the "donor" or "active” electrode, is the electrode from which
the agent is delivered into the body. The other electrode, typically termed the "counter" or
"return" electrode, serves to close the electrical circuit through the body. For example, if the
agent to be delivered is positively charged, i.e., a cation, then the anode is the active or donor
electrode, while the cathode serves to complete the circuit. Alternatively, if an agent is
negatively charged, i.e., an anion, the cathode is the donor electrode. Additionally, both the
anode and cathode may be considered donor electrodes if both anionic and cationic agent ions, or
if uncharged dissolved agents, are to be delivered.

[0006]  Furthermore, electrotransport delivery systems generally require at least one reservoir
or source of the agent to be delivered to the body. Examples of such donor reservoirs include a
pouch or cavity, a porous sponge or pad, and a hydrophilic polymer or a gel matrix. Such donor
reservoirs are electrically connected to, and positioned between, the anode or cathode and the
body surface, to provide a fixed or renewable source of one or more agents or drugs.
Electrotransport devices also have an electrical power source such as one or more batteries.
Typically, one pole of the pdwer source is electrically connected to the donor electrode, while
the opposite pole is electrically connected to the counter electrode. In addition, some
electrotransport devices have an electrical controller that controls the current applied through the
electrodes, thereby regulating the rate of agent delivery. Furthermore, passive flux control
membranes, adhesives for maintaining device contact with a body surface, insulating members,
and impermeable backing members are some other potential components of an electrotransport
device.

[6007] Small, self-contained electrotransport drug delivery devices adapted to be worn on
the skin for extended periods of time have been proposed. See, e.g., U.S. Pat. No. 6171294, U.S.
Pat. No. 6881208, U.S. Pat. No. 5843014, U.S. Pat. No. 6181963, U.S. Pat. No. 7027859, U.S.
Pat. No. 6975902, and U.S. Pat. No. 6,216,033. These electrotransport agent delivery devices
typically utilize an electrical circuit to electrically connect the power source (e.g., a battery) and
the electrodes. The electrical components in such miniaturized iontophoretic drug delivery
devices are also preferably miniaturized, and may be in the form of either integrated circuits (i.e.,
microchips) or small printed circuits. Electronic components, such as batteries, resistors, pulse

generators, capacitors, etc. are electrically connected to form an electronic circuit that controls
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the amplitude, polarity, timing waveform shape, etc. of the electric current supplied by the power
source. Other examples of small, self-contained electrotransport delivery devices are disclosed
in U.S. 5,224,927; U.S. Pat. No. 5,203,768; U.S. Pat. No. 5,224,928; and U.S. Pat. No.
5,246,418.

[0008]  Constant current supplies for variable resistance loads such as those appropriate for
use with an electrotransport drug delivery device have been previously described, however such
systems require the use of the cathode to determine the voltage and/or current at the cathode. For
example, US 5,804,957 to Coln describes a constant current supply system for a variable
resistance load. This system includes a constant current circuit connected to a second output
terminal (e.g., anode) for providing a predetermined current to the load (patient) and a constant
control circuit. A voltage supply control circuit monitors the voltage at the second terminal
across the constant current circuit and adjusts the voltage supply to maintain the second terminal
at a preselected voltage for maintaining the predetermined current to the variable resistance load.
See, e.g., FIG. 1, which illustrates a prior art system including a voltage control circuit that
directly monitors the cathode (via a comparator “throttle” element 140).

[00609] However in some variations it may be beneficial to control and monitor the applied
current without directly monitoring the second patient terminal {(e.g., cathode). This
configuration allows separation of the control aspect of the circuit from the risk management
aspect of the circuitry.

[00010] For example, described herein are methods, devices and systems for monitoring and
controlling electrotransport drug delivery devices including indirectly monitoring and controlling
the circuit not directly connected to the patient terminal (e.g., cathode) using a switching

element,

SUMMARY OF THE DISCLOSURE
[00011] In general, described herein are devices and methods for controlling the application of
current and/or voltage to deliver drug from patient contacts of an electrotransport drug delivery
device by indirectly controlling and/or monitoring the applied current without directly measuring
from the cathode of the patient terminal. In particular, described herein are electrotransport drug
delivery systems including constant current delivery systems having a feedback current and/or
voltage control module that is isolated from the patient contacts (e.g., anodes and cath;)des). In
some variations the feedback module is isolated by a transistor from the patient contacts;
feedback current and/or voltage control measurements are performed at the transistor rather than

at the patient contact (e.g., cathode).
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[00012] For example, described herein are electrotransport drug delivery systems having a
constant current supply. In some variations the system include: a power source; a first patient
contact connected to a power source; a second patient contact connected to a current control
transistor; and a sensing circuit for measuring voltage at the transistor, wherein the second
patient contact is connected to the sensing circuit only through the current control transistor so
that the second patient contact is electrically isolated from the sensing circuit. In some
variations, the first patient contact may also be connected indirectly to the power source.

[00013]  The current control transistor may be controlled by an amplifier receiving input from
a microcontroller. Any appropriate transistor may be used. For example, the transistor may be a
FET or a bipolar transistor. In variations in which the current control transistor is a FET, the
second patient contact may be connected to the drain of the transistor.

[60014} In some variations, the sensing circuit is configured to compare the voltage at the
transistor to a threshold voltage. The sensing circuit may provide input to a feedback circuit. In
some variations, this feedback circuit may provide an alarm based on the comparison between
the voltage at the transistor (e.g., at the gate of the transistor when the drain is patient-contacting)
and the threshold voltage to indicate constant current cannot be maintained. The feedback circuit
may automatically conirol the power source based on the comparison between the voltage at the
transistor and the threshold voltage to maintain constant current while minimizing power
consumption. For example, in some variations, the current may be maintained at about 170 pA.
[00015]  Also described herein are electrotransport drug delivery systems having a constant
current'supply, the system comprising: a power source; a first patient contact connected to the
power source; a second patient contact connected to a transistor (e.g., a drain of a transistor); a
current control feedback circuit for providing a control signal to the transistor when the
connection between the first patient contact and the second patient contact is closed; wherein the
transistor is connected to the second patient contact; and a sensing circuit for measuring a
voltage applied at the transistor when the connection is closed; wherein the second patient
contact is connected to the current control feedback circuit and sensing circuit only though the
transistor. For example, the second patient contact may be connected to the drain of the
transistor, which is separate from the feedback/sensing circuit that may be connected to the gate
of the transistor.

[00016] As mentioned above, the transiétor may be any appropriate transistor, including a
bipolar transistor and/or a field-effect transistor (FET). For example, if the transistor is a FET,
the second patient contact may be connected to a drain of the transistor, and the control signal
may comprise a voltage applied to a gate of the transistor. In some variations the transistor is a

bipolar transistor, and the second patient contact is connected to a collector, while the control
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signal comprises a current applied to the base of the bipolar transistor. In general, the control
signal may be a voltage and/or a current applied to the transistor.

[00017] Insome variations, the control signal provided to the transistor may be controlled by
an amplifier receiving input from a microcontroller.

[00018] The feedback circuit may control the voltage applied to the power source. For
example, in some variations, the feedback circuit compares the transistor (e.g., gate) voltage to a
reference voltage. The feedback circuit controls the power source based on the comparison
between the transistor gate voltage and the reference voltage. The feedback circuit may provide
a power source sufficient to deliver a constant current. For example, the feedback circuit may
provide a power source sufficient to deliver a constant current of about 170 pA. The feedback
circuit may include a digital to analogue converter for providing a constant current.

[00019] In general, the sensing circuit may be isolated (e.g., electrically isolated) from the
first and second patient contacts by the transistor. The transistor may be located between the
second patient contact and a sense resistor.,

[00020] The first patient contact may be an anode and the second patient contact may be a
cathode. The connection between the first patient contact and the second patient contact is
typically configured to be closed (e.g., connected) by a patient’s skin.

[00021}] Also described herein are methods for operating an electrotransport drug delivery
system including a constant current supply, the method comprising: contacting a patient’s skin
with an anode and cathode to form a connection between the anode and cathode; applying an
anode voltage to the anode; providing a control signal to a transistor (e.g., gate) connected to the
cathode (e.g., at the drain); detecting a voltage at the transistor, wherein the cathode is isolated
from the voltage detection by the transistor; comparing the transistor voltage to a threshold
volitage; and controlling the anode voltage applied to the anode based on the comparison between
the transistor voltage and the threshold voltage.

[00022] The methods may include the use of any appropriate transistor. For example, the
transistor may be a FET and the control signal comprises a voltage applied to a gate of the
transistor. The anode voltage may be applied to the anode in response to an input. The control
signal applied to the transistor may be provided to the transistor by an amplifier, the amplifier
isolated from the anode and the cathode by the transistor. As mentioned above, any appropriate
control signal may be used, in particular an electrical voltage and/or a current.

[00023] In any of these variations, the current provided from the fransistor is a constant
current. For example, the provided current may be controlled to be about 170 pA.

[00024] In some variations, the method includes adjusting the voltage applied to the anode

based on the comparison of the transistor voltage to the threshold voltage.
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BRIEF DESCRIPTION OF THE DRAWINGS
[00025] The novel features of the invention are set forth with particularity in the claims that
follow. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[00026] FIG. 1 is a schematic of a prior art iontophoretic transdermal drug delivery system.
[00027] FIG. 2 is a block diagram of an exemplary electrotransport drug delivery circuit for
use with an electrotransport drug delivery system including a controller, a drug delivery circuit, a
feedback circuit, an anode and a cathode.
[00028] FIG. 3 is a schematic diagram of the feedback circuit of FIG. 2.
[00029] FIG. 4 is a schematic diagram of the electrotransport drug delivery circuit of FIG, 2.
[00030] FIG. 5 is a flow diagram of a method of operation of an exemplary electrotransport

drug delivery circuit.

DETAILED DESCRIPTION
[00031] Reference will now be made in detail to exemplary embodiments of the invention,
examples of which are illustrated in the accompanying drawings. While the invention will be
described in conjunction with the exemplary embodiments, it will be understood that they are not
intended to limit the invention to those embodiments. On the contrary, the invention is intended
to cover alternatives, modifications and equivalents, which may be included within the spirit and
scope of the invention as defined by the appended claims.
[00032] One method for transdermal delivery of active agents involves the use of electrical
current to actively transport the active agent into the body through intact skin by electrotransport.
Electrotransport techniques may include iontophoresis, electroosmosis, and electroporation.
Electrotransport devices, such as iontophoretic devices are known in the art. One electrode,
which may be referred to as the active or donor electrode, is the electrode from which the active
agent is delivered into the body. The other electrode, which may be referred to as the counter or
return electrode, serves to close the electrical circuit through the body. In conjunction with the
patient's body tissue, e.g., skin, the circuit is completed by connection of the electrodes to a
source of electrical energy, and usually to circuitry capable of controlling the current passing
through the device when the device is “on” delivering current. If the substance to be driven into
the body is ionic and is positively charged, then the positive electrode (the anode) will be the

active electrode and the negative electrode (the cathode) will serve as the counter electrode. If
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the ionic substance to be delivered is negatively charged, then the cathodic electrode will be the
active electrode and the anodic electrode will be the counter electrode.

[00033] A switch-operated therapeutic agent delivery device can provide single or multiple
doses of a therapeutic agent to a patient by activating a switch. Upon activation, such a device
delivers a therapeutic agent to a patient. A patient-controlled device offers the patient the ability
to self- administer a therapeutic agent as the need arises. For example, the therapeutic agent can
be an analgesic agent that a patient can administer whenever sufficient pain is felt.

[00034] As described in greater detail below, any appropriate drug (or drugs) may be
delivered by the devices described herein. For example, the drug may be an analgesic such as
fentanyl (e.g., fentanyl HCL) or sufentanil.

[00035] In some variations, the different parts of the electrotransport system are stored
separately and connected together for use. For example, examples of electrotransport devices
having parts being connected together before use include those described in U.S. Pat. No.
5,320,597 (Sage, Jr. et al); U.S. Pat. No. 4,731,926 (Sibalis), U.S. Pat. No. 5,358,483 (Sibalis),
U.S. Pat. No. 5,135,479 (Sibalis et al.), UK Patent Publication GB2239803 (Devane et al), U.S.
Pat. No. 5,919,155 (Lattin et al.), U.S. Pat. No. 5,445,609 (Lattin et al.), U.S. Pat. No. 5,603,693
(Frenkel et al.), WO1996036394 (Lattin et al.), and US 2008/0234628 A1 (Dent et al.).

[00036] In general, the systt;ms and devices described herein include an anode and cathode for
the electrotransport of a drug or drugs into the patient (e.g., through the skin or other membrane)
and a controller for controlling the delivery (e.g., turning the delivery on or off); all of the
variations described herein may also include an off-current module for monitoring the anode and
cathode when the device is off (but still powered) to determine if there is a potential and/or
current (above a threshold value) between the anode and cathode when the controller for device
has otherwise turned the device “off” so that it should not be delivering drug to the patient. The
controller may include an activation controller (e.g., an activation module or activation circuitry)
for regulating the when the device is on, applying current/voltage between the anode and cathode
and thereby delivering drug.

[00037] Throughout this specification, unless otherwise indicated, singular forms "a", “an"
and "the" are intended to include plural referents. Thus, for example, reference to "a polymer™
includes a single polymer as well as a mixture of two or more different polymers, “a contact”
may refer to plural contacts, “a post” may indicate plural posts, etc.

{00038] As used herein, the term “user” indicates anyone who uses the device, whether a
healthcare professional, a patient, or other individual, with the aim of delivering a therapeutic

agent to a patient.
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[00039] In general, the devices described herein may include control logic and/or circuitry for
regulating the application of current by the device. For example, FIG. 2 illustrates a schematic
for controlling the application of current to deliver drug. A feedback circuit may be controlled or
regulated by a controller and be part of (or separate from) the drug delivery circuit. The
controller and circuit may include hardware, software, firmware, or some combination thereof
(including control logic). For example, as illustrated in FIG. 2, a system may include an anode,
cathode and feedback circuit. The feedback circuit may form part (or be used by) the drug
delivery module to provide current between the anode and cathode and deliver drug. The device
may also include a controller controlling operation of the device. The controller may include a
processor or ASIC.

[00040] In general, the feedback circuit may be referred to as a type of self-test that is
performed by the device. FIG. 3 illustrates one variation of a feedback circuit for controlling the
current and/or voltage applied across the patient electrodes (anode and cathode), and is included
and described in greater detail below in the context of FIG. 4.

[00041] FIG. 4 illustrates one variation of a diagram illustrating the circuit controlling the
application of current to deliver drug to a patient. In this example, the drug dose is regulated by
the control of the current through the electrodes (anode to cathode). The current in this example
is programmable (e.g., using a 10 bit DAC), but may be preset. For example, the target current
may be preset to deliver a dose using a current of 170 pA, as illustrated.

[00042] In FIG. 4, the dotted line schematically indicates ASIC components; this integrated
circuit may be separate from the Rsense resistor. The patient tissue (““tissue”) completes the
circuit between the anode and cathode elements. In some variations Rsense is on the printed
circuit board. The Rsense may be on the circuit board (e.g., but not within the ASICS). For
example, the Rsense and everything within the dotted box may be on the printed circuit board.
The anode and the cathode may be connected to the patient.

[00043] In FIG. 4, above the anode is a VHV, which is the voltage source that applies the
voltage to deliver a current and therefore drive delivery of drug. In some variations a Vboost
may also be included as part of (or in connection with) the VHV. In addition, a switch, S1, may
be included as a software-enabled switch to control the application of voltage to the anode. The
S1 switch may act as a safety feature to control (via sofiware) when current is not delivered. The
voltage may be turned off completely and the switch opened so that even if there were some
other voltage present, the anode would be floating. Thus, current could not be pulled through the
anode to cathode because the anode is floating (and there is no source of electrons to pull current

through, since it is a completely open circuit).
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[00044] In this example, when the S1switch is closed, current may then flow from the anode,
through the tissue, and return through the cathode to the M2 switch (transistor). In this example,
the M2 switch is a transistor (€.g., a field effect transistor) that acts as a valve to control the flow
of current. The M2 switch may be referred to as a current control valve or throttle that regulates
the current flow down to Rsense resistor, where it goes to the ground. Schematically, the current
is throttled by the M2 switch, which may allow control of the current at various levels. For
example, in FIG. 4, the current level is set to be approximately 170uA. In this example, Rsense
may be used to set the current range, and/or the maximum value. A square wave of current may
be delivered.

[00045] Further, M2 may be regulated by an amplifier (e.g., Ampl). In this example, Ampl
is an analogue amplifier; the input to Ampl is a digital to analogue converter (DAC), which is
set with the target 170 pA level. Thus, a microcontroller may be used to set a digital signal using
an analogue to digital converter, corresponding to the target delivery current (e.g., 170 pA).
[00046] Thus, in operation, the controller (e.g., microcontroller) may be configured so that
when no current is to be delivered the DAC may be set to 0 and when current is to be delivered,
it may be set to 170uA, providing an analogue output to AMP1 that allows current to flow to
Rsense. Thus, the input to M2 (gate) may be used to monitor the voltage at the transistor gate
using a comparator, e.g., CMP1. In some variations the voltage at the gate is compared to a
threshold (Vthreshold). If the voltage at the gate of M2 is low, it may be increased, and if it is
high, it may be decreased. This feedback may be used to adjust VHYV, as illustrated in FIG. 4.
[00047] Because the cathode is connected only to the current control transistor and not
directly connected to the sensing circuit, potential faults in the sensing circuit are isolated from
the second patient contact and could not result in additional current flow from anode to cathode, '
and therefore could not result in additional drug delivered to the patient.

[00048] The voltage may be changed to set the current with that DAC and AMP1. For
example, the current may be set to 170uA, and the control system described herein prevents it
from going over 170uA, providing a constant current source. That DAC, AMP1 and M2 limit
the maximum amount of current that can flow through M2, Seiting the DAC to 170uA prevents
the current from exceeding 170uA regardless of the voltage. In this configuration, if the voltage
is higher than it has to be, then by Ohms law, V=IR, where R is the skin resistance and I is the
target 170uA, the voltage can be limited. The M2 throttles the maximum amount of current to
limit it to 170uA, allowing the voltage to be adjusted. Since the power equals the current times
the voltage, when the current is fixed (e.g., to 170 pA) the amount of power can be minimized by
providing only the minimum amount of voltage. This may help conserve the batter power by

using just use the minimum amount of voltage required. In practice the control and monitoring
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circuit may do this by adjusting the voltage to automatically drop the voltage as necessary.
Monitoring the gate at M2 to maintain saturation so that the source voltage VHV value is kept
above the level sufficient to deliver current at the set (e.g., 170 pA) value. Below the saturation
level, the gate may deliver less than 170uA. To prevent this, the voltage- is allowed to drop until
it reaches a limit at which it is saturated; and as soon as this threshold is reached, the comparator
may sense that the saturation and may adjust the voltage back up. This feedback (voltage
feedback) takes place at the level of the M2 gate (throttle) and provides a constant feedback loop
where it is constantly comparing the gate of the M2 to a threshold value.

[00049] Because this feedback loop occurs at the throttle, e.g., rather than the cathode (by, for
example, monitoring the véltage at the cathode), additional benefits may be realized. Monitoring
the voltage at that gate (M2) to control the VHV allows control of the boost voltage without
altering (e.g., touching) the cathode at all, e.g., maintaining the monitoring and control aspects of
the system in electrical isolation. This allows separation of the control aspect from a risk
management aspect of the device, preventing the device from applying inappropriate current and
thereby drug. In operation, self-checks measuring the anode-cathode voltage may be performed
independently of the control of the voltage and/or current across the anode and cathode, since the
cathode (and/or anode) is not used for monitoring. Instead, the cathode is used to deliver the
drug.

[00050]  This configuration allows control of the voltage to reduce power consumption, and/or
monitoring and controlling the voltage without having to monitor at the cathode, resulting in an
efficiency of the system by monitoring at the throttle point where the system can meet safety
objectives while only making measurements at the anode and cathode that are related to current
flow through the anode cathode. Thus, the cathode does not require connection of a
measurement line to the electrode (e.g., cathode). Control of the voltage is therefore independent
of safety features such as error detection (e.g., leak current detection). Further, this architecture
separates the voltage control mechanism from such an error detection mechanism. Error
detection mechanisms may include (e.g., within the ASICS) an analogue to digital convertor and
the analogue to digital convertor multiplexed to measure the voltage at the anode, the cathode,
the VHYV voltage, or the like. However, the feedback detection and control of the voltage and
current may be regulated from the cathode (e.g., gate M2) rather than the level of the cathode.
[00051] The advantage of this logical separation may include making only measurements on
that anode and cathode that are related to whether or not there is leakage current present (whether
or not there is a safety problem). Measurements at the gate M2 may be constantly ongoing (e.g.,
every couple of clock ticks); it is not necessary to measure at the cathode in this configuration, so

that the cathode remains isolated from the feedback circuit through the gate M2. The anode
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cathode measurement is independent verification that there is no current flowing there. By
configuring the system in this manner, the cathode is isolated from the feedback that is
controlling the voltage. Separation permits the feedback mechanism to be separate from the
actual patient connection delivering the current. Thus, the voltage is less critical for patient
safety and the monitoring and controlling of the voltage is configured to provide efficiency of the
systermn and the battery power. Current may flow through the drain to the source of the transistor
without requiring additional circuitry between the cathode and ground, reducing the chance for
malfunction (e.g., additional current flow) through this additional current path. Patient safety
can be dramatically affected by even small errors in the circuitry, Thus, in some variations, the
system is limited so that the only connections to the anode/cathode are those that must be there,
as shown and described herein.

[00052] In some variations, the systems and methods described herein use a gate (e.g.,
transistor M2} to isolate the patient connections, e.g., anode and cathode, from the feedback
module used to control the applied voltage and to regulate the current between the patient
connections. In this example, the feedback module is configured as a circuit including a
comparator that compares the voltage on the transistor to a threshold voltage.

[00053] In some variations this circuit regulates the cufrent between the patient connections
so that it rides at or below the target current level (e.g., 170 pA). The circuit may sense when the
current is above 170uA.

[00054]) FIG. 5 schematically illustrates one variation of a method for regulating the voltage
and/or current across the patient connections (e.g., anode and cathode) of an electrotransport
drug delivery system. In this example, a pair of patient connections are configured to contact a
patient tissue (e.g., skin) to complete the patient circuit. The first patient connection (in some
configurations the anode, in other configurations, the cathode) is connected to a driving voltage
source. The connection between the driving voltage source and the first patient connection may
be regulated by a switch or gate, which may be regulated or controlled (e.g., by a
microcontroller). The second patient connection (e.g., in some variations a cathode, in other
variations an anode) is then connected in series to a transistor drain (or other throttle element),
and a feedback module for monitoring and controlling the current and voltage applied between
the first and second patient connections are isolated from the second patient connection by this
transistor gate.

[00055] In operation, a voltage is first applied to the first patient connection (e.g., anode) after
or before a connection is made by skin contact between the first and second patient connections.
Current is then provided to the transistor drain downstream of the second patient contact, and a

feedback module determines the voltage at the transistor gate in isolation of the first and second
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patient contacts. The voltage at the transistor gate is compared to a threshold voltage and this
comparison is used to adjust the applied voltage at the first patient connection. In the same
example, a target current may be provided (e.g., from a microcontroller) to the transistor to
regulate the current between the first and second patient connections.

[00056] The constant current supply described above may be used to regulate the dosing of
the system to deliver a target current (e.g., drug delivery current) at a low voltage even with
variable pétient resistances. For example, the circuit shown in FIGS. 3 and 4 may be used to
provide a dose of drug by delivering a predetermined 170 pA drug delivery current over a dosing
pericd (e.g., a 10 minute dose). The circuit controlling the anode and cathode shown in FIG. 3
and 4 includes a control block containing circuitry to connect the output of the voltage boost
converter (VHV) to the anode electrode (EL_A) through the switch S1. A 10 bit DAC is used to
configure the current output to a set value proportional to the desired dosing current. The DAC
drives AMP1 which contr.ols the current flowing through EL._A and EL_C by driving the gate of
M2. The source of M2 determines the current flow through Rsense which causes the voltage
drop that is fed back into AMPI1. As the skin resistance between EL_A and EL_C varies, so
does the current through Rsense, which triggers a change in the output of AMP1. AMP1
becomes saturated if there is not sufficient voltage to deliver the programmed current with the
resistance between EL_A and EL_C. Driver functions are available to control and monitor
various the points of this circuit.

[00057] The foregoing descriptions of specific embodiments of the present invention have
been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, and obviously many
modifications and variations are possible in light of the above teaching. The embodiments were
chosen and described in order to best explain the principles of the invention and its practical
application, to thereby enable others skilled in the art to best utilize the ipvention and various
embodiments with various modifications as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the Claims appended hereto and their

equivalents.
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CLAIMS

What is claimed is:
1. An electrotransport drug delivery system having a constant current supply, the system
comprising:

a power source;

a first patient contact connected to power source;

a second patient contact connected to a current control transistor; and

a sensing circuit configured to measure voltage at the transistor, wherein the
sensing circuit is configured to provide feedback controlling power at the first
patient contact, wherein the second patient contact is connected to the sensing
circuit only through the current control transistor so that the second patient

contact is electrically isolated from the sensing circuit.

2. The system of claim 1 wherein the current control transistor is controlled by an

amplifier receiving input from a microcontroller,

3. The system of claim 1 wherein the sensing circuit is configured to compare the

voltage applied to the transistor to a threshold voltage.
4, The system of claim 1 wherein the sensing circuit provides input to a feedback circuit

5. The system of claim 4 wherein the feedback circuit automatically controls the power
source based on the comparison between the voltage at the transistor and the

threshold voltage to maintain constant current while minimizing power consumption.

6. An electrotransport drug. delivery system having a constant current supply, the system
comprising:

a power source;

a first patient contact connected to the power source;

a second patient contact connected to a transistor;

a current control feedback circuit for providing a control signal to the transistor
when the connection between the first patient contact and the second patient
contact is closed; wherein the transistor is connected to the second patient

contact; and
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a sensing circuit configured to measure a voltage applied at the transistor when
the connection is closed, wherein the sensing circuit is configured to provide
feedback controlling power at the first patient contact;

wherein the second patient contact is connected to the current control feedback

circuit and sensing circuit only though the transistor.

7. The system of claim 6, wherein the transistor comprise a FET, and further wherein
the second patient contact connected to a drain of the transistor and the control signal

comprises a voltage applied to a gate of the transistor.

8. The system of claim 6, wherein the control signal provided to the transistor is

controlled by an amplifier receiving input from a microcontroller.

9. The system of claim 6, wherein the feedback circuit controls the voltage applied to

the power source.

10. The system of claim 6, wherein the feedback circuit compares the transistor voltage
to a reference voltage.

11. The system of claim 10, wherein the feedback circuit controls the power source based

on the comparison between the transistor gate voltage and the reference voltage.

12. The system of claim 6, wherein the sensing circuit is isolated from the first and

second patient contacts by the transistor.

13. The system of claim 6, wherein the first patient contact is an anode and the second

patient contact is a cathode.

14. The system of claim 6, wherein the feedback circuit provides a power source

sufficient to deliver a constant current.

15. The system of claim 6, wherein the feedback circuit provides a power source

sufficient to deliver a constant current of about 170 pA.

16. The system of claim 6, wherein the connection between the first patient contact and

the second patient contact is configured to be closed by a patient’s skin.

17. The circuit of claim 6, wherein the transistor is located between the second patient

contact and a sense resistor.
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18. The system of claim 6, wherein the feedback circuit includes a digital to analogue

converter for providing a constant current.
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