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Description

Background of the Invention

[0001] This invention is in the field of miniaturized de-
vices having reservoirs for storage and protection of sub-
devices, subcomponents, and/or diagnostic reagents
and other chemicals, with means for selectively releasing
or exposing the subdevices, subcomponents, and/or
chemicals, particularly in the field of medical devices for
diagnostic sensing.
[0002] U.S. Patents No. 5,797,898 and No. 6,551,838
to Santini, et al describe devices that release chemical
molecules from, or expose sensors located in, reservoirs
using controlled release and exposure mechanisms. The
devices can be used in initiating and controlling chemical
reactions, analyses, or measurements in a micro-scale
area or volume, continuously or at specific points in time.
In some of the devices, the reservoir-opening mechanism
utilizes a reservoir cap covering a reservoir that is selec-
tively disintegrated to open the reservoir and permit the
reservoir contents to be released or exposed to the en-
vironment outside of the device.
[0003] In some instances, however, it would be desir-
able to interrupt the release or exposure after the reser-
voir has been opened. For example, a device may have
an array (e.g., tens or hundreds) of closely spaced res-
ervoirs, each of which contain a glucose oxidase-based
sensor. After a period of operation using a first sensor,
the sensor typically will become increasingly inaccurate.
Therefore, a second reservoir is opened to newly expose
a second sensor for use. The first sensor, however, may
continue to produce peroxide even after it is no longer
being used. The peroxide could diffuse to the second
sensor and confound the glucose reading. Furthermore,
the glucose oxidase-catalyzed reaction also will con-
sume oxygen locally. More generally, the catalytic activity
of an enzyme contained within the first sensor (first res-
ervoir) may perturb the concentration of reactants such
as oxygen or products such as peroxide in the vicinity of
the second sensor. Therefore, it would be desirable to
stop the release of peroxide from the first reservoir after
the first sensor is no longer useful. Similarly, it would be
desirable to selectively interrupt the release or exposure
of other reservoir contents.

Summary of the Invention

[0004] Improved medical devices, such as implantable
sensors, are provided.
[0005] The secondary device comprises a sensor or a
sensing component.
[0006] In one aspect, a device according to claim 1 is
provided for the controlled exposure of a secondary de-
vice and includes means for selectively deactivating or
rendering inoperable the secondary device, such as
when the secondary device no longer works properly. In
one embodiment, the device comprises a substrate; a

plurality of reservoirs (e.g., microreservoirs) in the sub-
strate; an operational secondary device in one or more
of the reservoirs; a reservoir cap covering each of the
reservoirs to isolate the secondary device from an envi-
ronmental component outside the reservoirs, wherein the
reservoir cap is impermeable to the environmental com-
ponent; means for disintegrating or permeabilizing the
reservoir cap to expose the secondary device to the en-
vironmental component; and means for selectively ren-
dering the secondary device inoperable. The substrate
can comprise two or more portions, for example, bonded
together, or the substrate can be monolithic.
[0007] In one embodiment, the sensor or sensing com-
ponent comprises a glucose sensor. For example, the
sensor or sensor component can comprise glucose oxi-
dase. In one particular embodiment, the sensor compris-
es at least one working electrode, a counter electrode,
an enzyme provided the at least one working electrode,
and a semipermeable membrane covering the enzyme
and at least part of the at least one working electrode.
[0008] Various means are provided for selectively ren-
dering the secondary device inoperable. In one embod-
iment, the means for selectively rendering the secondary
device inoperable comprises a thermal ablation elec-
trode, which renders the operational secondary device
inoperable upon passage of an electric current there-
through. In another embodiment, the means for selec-
tively rendering the secondary device inoperable com-
prises a resistive heater. In one specific embodiment, the
sensor or sensor component comprises an enzyme, such
as glucose oxidase for example, and the resistive heater
generates heat effective to deactivate the enzyme. In oth-
er embodiments, the means for selectively rendering the
secondary device inoperable comprises one or more
chemical reactant materials that react to generate ener-
gy, an expanding gas, or other reaction product to render
the operational secondary device inoperable.
[0009] In various embodiments, the means for disinte-
grating or permeablizing the reservoir cap comprises a
microprocessor programmed to initiate the disintegrating
or permeabilizing at a specified time, upon receipt of a
signal from another device, or upon detection of a spec-
ified sensed condition.
[0010] In one embodiment, the device further compris-
es a biodegradable intermediary material disposed in the
reservoir underneath the reservoir cap and covering the
secondary device. In another embodiment, the device
further includes a thin layer of a structural material un-
derneath the reservoir cap and an evacuated or gas-filled
space in the reservoir between the secondary device and
the structural material layer. In still another embodiment,
the device is part of an implantable sensor unit, which is
part of a medical device that also includes a drug delivery
unit comprising at least one therapeutic agent for release,
wherein the drug delivery unit is in communication with
the implantable sensor unit and releases the therapeutic
agent in response to the sensor’s sensing of the environ-
mental component
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[0011] The device may further comprise means for pro-
tecting the secondary device during the reservoir opening
step. In one embodiment, the device further comprises
a biodegradable intermediary material disposed in the
reservoir underneath the reservoir cap and covering the
secondary device; and means for disintegrating or per-
meabilizing the reservoir cap to expose the biodegrada-
ble intermediary material to a fluid from outside the device
to cause the biodegradable intermediary material to dis-
integrate to expose the secondary device to the environ-
mental component. In one embodiment, the device fur-
ther includes a layer of a structural material, such as a
dielectric, underneath the reservoir cap and disposed be-
tween the biodegradable intermediary material and the
reservoir cap. In one embodiment, the biodegradable in-
termediary material comprises a water-soluble solid, liq-
uid, or gel. In another embodiment, the biodegradable
intermediary material comprises a polyethylene glycol, a
polyethylene oxide, or a copolymer of poly(lactic-co-gly-
colic) acid.
[0012] In another embodiment, a device is provided
for the controlled exposure of a secondary device, which
further comprises: an evacuated or gas-filled space dis-
posed in the reservoir between the reservoir cap and the
secondary device; and means for disintegrating or per-
meabilizing the reservoir cap to expose the secondary
device to the environmental component
[0013] In another aspect, a medical apparatus is pro-
vided for both sensing and drug delivery. The apparatus
comprises: (a) at least one implantable sensor unit which
comprises the device according to the invention , and (b)
at least one drug delivery unit which comprises at least
one therapeutic agent for delivery to a patient, wherein
the drug delivery unit is in communication with the im-
plantable sensor unit and releases the therapeutic agent
in response to the sensor’s sensing of the environmental
component. For example, the sensor can measure a pa-
tient’s glucose level and the drug delivery unit can release
insulin.
[0014] In one embodiment, the drug delivery unit com-
municates with the sensor unit via at least one flexible
conductor connecting the units. For example, the flexible
conductor can include a connector means for separating
and connecting together the units. The communication
between the drug delivery unit and the implantable sen-
sor unit can comprise, for example, transmission of a
digital or analog signal. In other embodiments, the com-
munication between the drug delivery unit and the im-
plantable sensor unit can comprise transmission of light,
electromagnetic energy, sonic energy, hydraulic energy,
or a combination thereof. In various embodiments, the
communication between the drug delivery unit and the
implantable sensor unit comprises a conductor, such as
one or more wires, optical fibers, fluid-filled lumens, or
combinations thereof. In another embodiment, the com-
munication between the drug delivery unit and the im-
plantable sensor unit is without a conductor physically
connecting the two units. For example, the apparatus

can further include one of more signal encoders/trans-
ducers, emitters, receivers, decoders/transducers, or
combinations thereof.
[0015] In one embodiment, the drug delivery unit is im-
plantable, and in an alternative embodiment, the drug
delivery unit is adapted to be worn externally by a patient.
For example, the drug delivery unit can include an im-
plantable or external pump for pumping the therapeutic
agent into the patient. In one embodiment, the drug de-
livery unit comprises: a substrate; a plurality of reservoirs
in the substrate; at least one therapeutic agent in one or
more of the reservoirs; reservoir caps covering the res-
ervoirs to isolate the therapeutic agent inside the reser-
voirs; and means for disintegrating or permeabilizing one
or more of the reservoir caps to release the therapeutic
agent from one or more of the reservoirs.

Brief Description of the Drawings

[0016]

FIG. 1 is a cross-sectional view of one embodiment
of a reservoir device for destroying or deactivating
reservoir contents by a thermal or electrothermal
mechanism.
FIG. 2 is a cross-sectional view of another embodi-
ment of a reservoir device for destroying or deacti-
vating reservoir contents by a thermal or electrother-
mal mechanism.
FIG. 3 is a cross-sectional view illustrating the steps
of one embodiment of a method for assembling a
multi-reservoir sensor device.
FIG. 4 is a cross-sectional view of one embodiment
of a multi-reservoir sensor device having a water-
soluble material disposed between the sensor mem-
brane and a reservoir cap.
FIG. 5 is a cross-sectional view of another embodi-
ment of a multi-reservoir sensor device having a hol-
low cavity between the sensor membrane and a res-
ervoir cap.
FIG. 6 is a perspective view of one embodiment of
a medical device having an implantable sensor por-
tion (or sensor unit) and a separate drug delivery
portion (or drug unit).
FIG. 7 is a cross-sectional view of one embodiment
of sensor device with the sensor electrodes disposed
in a reservoir covered by a disintegratable reservoir
cap, where the working electrode and counter elec-
trode extend through vias in the substrate for elec-
trical connection.
FIG. 8 is a cross-sectional view of another embodi-
ment of sensor device with the sensor electrodes
disposed in a reservoir covered by a disintegratable
reservoir cap, where the working electrode and
counter electrode extend through vias in the sub-
strate for electrical connection.
FIG. 9 is a cross-sectional view of still another em-
bodiment of sensor device with the sensor elec-
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trodes disposed in a reservoir covered by a disinte-
gratable reservoir cap, where the working electrode
and counter electrode extend through vias in the sub-
strate for electrical connection.

Detailed Description of the Invention

[0017] Improved multi-reservoir devices, and methods
of manufacture and use thereof, have been developed.
Preferably, the devices and methods comprise implant-
able sensors, such as for use in in vivo sensing, e.g., of
glucose, in a human or other animal. The devices and
methods optionally can further comprise drug delivery
means in communication with the sensors.
[0018] The devices described herein includes a plural-
ity of reservoirs containing reservoir contents (such as a
sensor or reactant), where each reservoir is covered by
a selectively removable reservoir cap (i.e., a barrier layer)
that protects the reservoir contents from one or more
components of the surrounding environment until such
time as exposure or release is desired. Examples of these
environmental components include chemicals, cells, pro-
teins, water, air or other gases, biological fluids and con-
stituents thereof, as well as certain forms of energy, such
as light or heat.
[0019] The improvements include (1) a reservoir con-
tents destruction mechanism to interrupt the release or
exposure of reservoir contents, for example, to deacti-
vate an unneeded sensor and prevent it from negatively
impacting other (nearby) sensors, (2) a protective cov-
ering material layer over the sensor underneath the res-
ervoir cap, which protects the sensor membrane and sen-
sor during reservoir cap disintegration and then is re-
moved, (3) a device design for containing sensors in shal-
low, wide reservoir structures to enhance sensor expo-
sure by minimizing molecular diffusion distances, (4) a
device having an implantable sensor unit and a separate
drug delivery unit, and (5) combinations thereof.
[0020] In one aspect, an implantable medical device
is provided for the controlled exposure of a secondary
device, particularly a sensor, such as a glucose sensor.
In one embodiment, the device includes at least one sub-
strate, a plurality of reservoirs in the substrate, an oper-
ational secondary device in one or more of the reservoirs,
a reservoir cap covering each of the reservoirs to isolate
the secondary device from an environmental component
outside the reservoirs wherein the reservoir is imperme-
able to the environmental component, means for disin-
tegrating or permeabilizing the reservoir cap to expose
the secondary device to the environmental component;
and means for selectively rendering the secondary de-
vice inoperable. In another embodiment, the device in-
cludes at least one substrate, a plurality of reservoirs in
the substrate, a secondary device in one or more of the
reservoirs, a reservoir cap covering each of the reservoirs
to isolate the secondary device from an environmental
component outside the reservoirs wherein the reservoir
is impermeable to the environmental component, a bio-

degradable intermediary material disposed in the reser-
voir underneath the reservoir cap and covering the sec-
ondary device, and means for disintegrating or permea-
bilizing the reservoir cap to expose the biodegradable
intermediary material to cause the biodegradable inter-
mediary material to disintegrate to expose the secondary
device to the environmental component. In a preferred
embodiment, the biodegradable intermediary material is
water miscible, such as a water-soluble solid, liquid, or
gel, a hydrophilic polymer matrix (e.g., a hydrogel), or a
liquid that readily mixes with an aqueous fluid. The liquid
mixture should permit an analyte (such as glucose) to
diffuse through it to reach a sensor thereunder.
[0021] In another aspect, a medical device is provided
that includes an implantable sensor portion (or sensor
unit) and a separate drug delivery portion (or drug unit).
The drug delivery portion can be implantable or designed
to be worn externally. The sensor portion and the drug
delivery portion operate together to sense in vivo a chem-
ical entity or physiological condition and deliver one or
more drugs as therapeutically indicated, based at least
in part on a signal from the sensor portion.
[0022] As used herein, the terms "comprise," "compris-
ing," "include," and "including" are intended to be open,
non-limiting terms, unless the contrary is expressly indi-
cated.

Illustrative Embodiments

Sensor Devices with Deactivation Mechanism

[0023] In one embodiment, the sensor or reservoir con-
tents are destroyed by a thermal or electrothermal abla-
tion mechanism. Electrothermal ablation, as described
in U.S. Patent Application Publication No. 2004/0121486
A1, includes passing electric current through a conduc-
tive structure to locally heat it in an amount effective to
"rupture" it, e.g., an electrically-induced thermal shock
that causes the structure to fracture and/or lose structural
integrity due to a phase change, (e.g., melting or vapor-
ization), either or both of which are caused by the gen-
eration of heat within the structure as a result of electric
current flowing through it. While not being bound to any
theory, the heating is believed to cause the structure to
degrade by melting (or vaporizing), thermal shock, and/or
a mismatch in the coefficient of thermal expansion, anal-
ogous to the process by which a conventional simple
electrical fuse heats and then disintegrates (e.g., bums
up) upon passage of an excessive amount of electrical
current through it.). This rupturable structure is some-
times referred to herein as a "fuse."
[0024] In one embodiment, the means for selectively
rendering the secondary device inoperable comprises an
electrothermal ablation-based destruction mechanism.
In one preferred embodiment, a fuse is provided beneath
a glucose oxidase-based sensor in a reservoir, as shown
in FIG. 1. For simplicity, FIG. 1 shows a single, opened
reservoir, although the device 30 would include a plurality
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of reservoirs, each of which would be sealed with a res-
ervoir cap prior to actuation of the reservoir. Device 30
includes a substrate consisting of a lower substrate por-
tion 32a and an upper substrate portion 32b in which
reservoir 34 is disposed. A sensor is provided in the res-
ervoir and includes working electrode 42, counter elec-
trode 44, and glucose oxidase 46. The device 30 further
includes a sensor deactivation mechanism, which in-
cludes fuse 36 and fuse traces 38a and 38b. An insulating
dielectric layer 40 separates the working and counter
electrodes 42, 44 from the fuse and fuse traces 36, 38.
When the sensor is no longer needed, the fuse 36 is
blown, thus destroying the sensor. Residual active glu-
cose oxidase may remain.
[0025] In another embodiment, the means for selec-
tively rendering the secondary device inoperable com-
prises a thermal destruction mechanism based on con-
ventional resistive heating. In another preferred embod-
iment, a resistor is provided beneath a glucose oxidase-
based sensor in a reservoir, as shown in FIG. 2, which
for simplicity also shows a single, opened reservoir, al-
though the device 50 would include a plurality of reser-
voirs, each of which would be sealed with a reservoir cap
prior to actuation of the reservoir. Device 50 includes a
substrate consisting of a lower substrate portion 32a and
an upper substrate portion 32b in which reservoir 34 is
disposed. A sensor is provided in the reservoir and in-
cludes working electrode 42, counter electrode 44, and
glucose oxidase 46. The device 50 further includes a
sensor deactivation mechanism, which includes resistor
51 and current traces 52a and 52b. A thin insulating di-
electric layer 40 separates the working and counter elec-
trodes 42, 44 from the resistor and current traces 51, 52.
When the sensor is no longer needed, an electric current
is passed through the resistor 51, heating the glucose
oxidase to a temperature effective to deactivate the en-
zyme. This will eliminate the possibility of residual per-
oxide formation and resulting sensor crosstalk. Typically
but not necessarily, the "render inoperable" step would
be used after the sensor or sensor component has been
exposed and used to detect or measure.
[0026] While only one reservoir/sensor is shown in
FIGS. 1 and 2, a medical device comprising device 30
or device 50, respectively, preferably comprises an array
of tens or hundreds of such reservoirs/sensors. In addi-
tion, while not shown, the enzyme 46 optionally and pref-
erably would be covered by a selectively porous mem-
brane as known in the art to control the diffusion of glu-
cose and/or other molecules to the enzyme. See, for ex-
ample, U.S. Patent No. 4,759,828. Furthermore, while
not shown, the medical devices preferably include res-
ervoir caps and mechanisms for selectively disintegrat-
ing or permeabilizing the reservoir caps to open the res-
ervoir and expose the sensor therein, so that the glucose
sensors are protected from the surrounding environment
until it is desired to expose them. Examples of useful
active reservoir cap opening mechanisms are described
in U.S. Patents 5,797,898; 6,527,762; 6,491,666; and

6,551,838; and U.S. Patent Application Publication No.
2004/0121486 to Uhland, et al.
[0027] In still other embodiments, the means for selec-
tively rendering the secondary device inoperable in-
volves a chemical reaction mechanism. For example, a
chemical reaction could be initiated beneath the sensor,
to produce energy, an expanding gas, or a reaction prod-
uct that chemically deactivates the sensor.
[0028] In another embodiment (not shown), a single
reservoir contains more than one sensor. For example,
two sensors could be provided in a side-by-side arrange-
ment, for instance in a relatively larger reservoir. These
could work in parallel, e.g., to provide two signals simul-
taneously, or they could be redundant, e.g., where the
second one is used when/if the first one fails.

Sensor Device With Protective Covering

[0029] In another aspect, a protective covering mate-
rial is provided over the sensor in the reservoir, under-
neath the reservoir cap. The protective covering material
protects the sensor membrane and sensor during reser-
voir cap disintegration, e.g., by an electrothermal ablation
mechanism. Once the reservoir cap is opened, the pro-
tective covering material is removed by the body or is
otherwise displaced to expose the functional sensor for
operation. For example, the protective covering dis-
solves into the body so that the sensor can contact one
or more environmental components (e.g., analytes, pro-
teins, antibodies, and the like) or forces (e.g., pressure).
Examples of the protective covering include biocompat-
ible gases and biodegradable solids and liquids.
[0030] In one embodiment, the protective covering is
a biodegradable intermediary material. As used herein,
the term "biodegradable intermediary material" refers to
a solid, liquid, or gel material that is water miscible or that
is dissolved, chemically or physically degraded, and/or
adsorbed by the body of a patient in vivo. In a preferred
embodiment, the biodegradable intermediary material is
water miscible, such as a water-soluble solid, liquid, or
gel, a hydrophilic polymer matrix (e.g., a hydrogel), or a
liquid that readily mixes with an aqueous fluid. The liquid
mixture should permit an analyte (such as glucose) to
diffuse through it to reach a sensor thereunder. Examples
of suitable water-soluble materials include biocompatible
polymers, such as a polyethylene glycol (PEG) or a pol-
yethylene oxide (PEO). In alternative embodiments, the
material is a bioerodible or biodegradable polymer, such
as a copolymer of poly(lactic-co-glycolic) acid (PLGA),
rather than a water-soluble polymer. The biodegradable
intermediary material can be in a porous form to enhance
the dissolution or disintegration kinetics.
[0031] In another embodiment, the protective covering
is an evacuated or gas-filled space. Examples of gases
include air, oxygen, nitrogen, helium, or argon. It may be
particularly desirable to include a gaseous layer beneath
the reservoir caps that open by electrothermal ablation,
because such a configuration could increase the efficien-
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cy of the opening mechanism. For instance, if the reser-
voir cap is in contact with a medium that allows heat to
easily pass away (e.g., a solid or liquid having high ther-
mal conductivity), then it would require more electric cur-
rent to electrothermally ablate the reservoir cap than
would be required if the reservoir cap is in contact with
a gas or other good thermal insulator. Thus, by using air
as the protective layer, less electric current must be
passed through the reservoir cap to heat it to the point
of failure, i.e., to electrothermally ablate it or "blow the
fuse."
[0032] One preferred embodiment is illustrated in FIG.
4. Device 99 (which for example would be part of an im-
plantable medical device) includes substrate 100 having
reservoir 103, which contains a sensor which includes
working electrode 106, counter electrode 108, enzyme
110, and sensor membrane 112. The reservoir is covered
by reservoir cap 102, which is connected to electric traces
104a and 104b. A water-soluble material 114 is provided
as a protective covering between the reservoir cap and
the sensor. Device 99 could further include a sensor-
deactivation mechanism (not shown) built underneath
the sensor in/on the substrate.
[0033] Another preferred embodiment is shown in FIG.
5. Device 109 (which for example would be part of an
implantable medical device) includes substrate 100 hav-
ing reservoir 103, which contains a sensor which includes
working electrode 106, counter electrode 108, enzyme
110, and sensor membrane 112. The reservoir is covered
by reservoir cap 102, which is connected to electric traces
104a and 104b. A hollow cavity 118 is provided over the
sensor membrane, and underneath a thin dielectric or
other structural layer 116. Device 109 could further in-
clude a sensor-deactivation mechanism (not shown) built
underneath the sensor in/on the substrate. The dielectric
and hollow cavity protect the sensor membrane and sen-
sor during reservoir cap disintegration. When the reser-
voir cap is disintegrated (e.g., by electrothermal ablation),
the dielectric/structural layer is also destroyed, exposing
the functional sensor for operation.
[0034] The hollow cavity of device 109 could be made
in a number of different fabrication approaches. In one
embodiment, a soluble material, such as a water-soluble
polymer, is deposited over the sensor membrane, and
then the thin dielectric material layer or other structural
layer is deposited over the soluble material. Next, small
holes or slats are etched through the structural layer over
the water-soluble material, and then the structure is then
soaked in a solvent, e.g., water, to cause the soluble
material to dissolve out, leaving in its place a hollow cav-
ity. The technique of dissolving a sacrificial layer, such
as a water-soluble material, to form a cavity is well known
in the art of microfabrication. (University of Michigan re-
searchers in the MEMS neural probe work published sev-
eral papers demonstrating this concept, where silicon
was dissolved to form fluidic channels.) This hollow cavity
optionally may be filled with a fluid, such as a gas or
liquid. The holes or slats are small enough that the res-

ervoir cap can be deposited over them, or a polymeric
material can be used to plug the holes or slats prior to
deposition of the reservoir cap.

Sensor Device With Sensor/Reservoir On Substrate

[0035] FIGS. 1-5 show the sensor layer being located
inside (and near the bottom of) a relatively deep reservoir.
In some embodiments, however, it would be more pref-
erable for (1) the reservoir to be shallow such that there
is little to no distance between the surface of the sensor
and the outer surface of the substrate, and/or (2) the sen-
sor layer to be positioned on a substrate, such that there
is no unfilled or empty space between the reservoir cap
and the sensor layer. This would enhance diffusional
mass transfer (of, for example, glucose or other analytes)
by, for example, decreasing the distance molecules are
required to diffuse into the reservoir and into contact with
the sensor.
[0036] In one embodiment, the sensor device is built
up layer by layer, instead of by bonding two substrates
together. Thus, the "reservoir" is the space below the
reservoir cap that contains the sensor materials, includ-
ing the electrodes, enzyme, and polymeric membrane.
In such a case, it is possible that the area denominated
as the "reservoir" might actually be spatially located
"above" that which typically is referred to as the substrate,
in that the bottom of the sensor may be fabricated on the
top surface of the substrate. In such instances, the term
"reservoir" includes embodiments where the sensor is
located in a defmed space beneath the reservoir cap,
and the term "substrate" includes the bottom substrate
and other structural material layers built up thereon and
around the sensor. Examples of such embodiments are
illustrated in FIGS. 7-9.
[0037] FIG. 7 shows device 200, which includes sub-
strate 202 and a reservoir defined within a reservoir cap
204 and a structural material 207. The reservoir contains
a sensor comprising working electrode 206, counter elec-
trode 208, semi permeable sensor membrane 210, sen-
sor chemical component 212, and space 214. For exam-
ple, the chemical component could be glucose oxidase
mixed with a binder material. The space could be empty
or filled, for example, with a gas or water-soluble material.
The working electrode 206 and counter electrode 208
are electrically connected to other device electronics
through vias 206b, 208b and electrical traces 206a,
208a. In operation, electric current is passed through the
reservoir cap 204 through input and out leads 205a and
205b to electrothermally ablate the reservoir cap, disin-
tegrating it and exposing the sensor therebeneath. In this
embodiment, there is no gap or space between the res-
ervoir cap 204 and the sensor membrane 210.
[0038] Another variation of the device is shown in FIG.
8. Device 250 includes substrate 202 and a reservoir
defined within a reservoir cap 204 and a structural ma-
terial 207. The reservoir contains a sensor comprising
working electrode 206, counter electrode 208, semi per-
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meable sensor membrane 210, sensor chemical compo-
nent 212, and space 215. The working electrode 206 and
counter electrode 208 are electrically connected to other
device electronics through vias 206b, 208b and electrical
traces 206a, 208a. In operation, electric current is passed
through the reservoir cap 204 through input and out leads
205a and 205b to electrothermally ablate the reservoir
cap, disintegrating it and exposing the sensor therebe-
neath. In this embodiment, space 215 extends between
the reservoir cap 204 and the sensor membrane 210.
The space could be empty or filled, for example, with a
gas or water-soluble material.
[0039] Another variation of the device is shown in FIG.
9. Device 260 includes substrate 202, reservoir cap 204,
and a sensor built into structural material layer 207. The
sensor comprises working electrode 206, counter elec-
trode 208, semi permeable sensor membrane 210, and
sensor chemical component 212. The working electrode
206 and counter electrode 208 are electrically connected
to other device electronics through vias 206b, 208b and
electrical traces 206a, 208a. In operation, electric current
is passed through the reservoir cap 204 through input
and out leads 205a and 205b to electrothermally ablate
the reservoir cap, disintegrating it and exposing the sen-
sor therebeneath. In this embodiment, there is no gap or
space or biodegradable/water soluble material between
the sensor and the reservoir cap.

Sensor Device Fabrication Methods

[0040] The devices described herein can be made by
various processes. In one embodiment, the materials/
layers are built up by a series of steps using deposition
and etching techniques known in the art. Other fabrica-
tion and microfabrication methods know in the art that
can be used or adapted to make the devices include li-
thography and etching, injection molding and hot em-
bossing, electrofomiing/electroplating, microdrilling
(e.g., mechanical drilling, laser drilling, ultrasonic drill-
ing), micromilling, electrical discharge machining (EDM),
photopolymerization, surface micromachining, high-as-
pect ratio methods (e.g., LIGA), micro stereo lithography,
silicon micromachining, rapid prototyping, DEEMO (Dry
Etching, Electroplating, Molding), and build-up or lami-
nation techniques, such as LTCC (low temperature co-
fired ceramics). See, for example, U.S. Patent No.
6,123,861 and U.S. Patent No. 6,808,522.
[0041] In one embodiment, illustrated in FIG. 3, a sen-
sor substrate subpart 62 is fabricated, a reservoir/open-
ing substrate subpart 60 is fabricated, and then the two
subparts are bonded together to form a complete device
70 with sensors sealed inside reservoirs. The reservoir/
opening substrate subpart 60 includes substrate portion
64, reservoirs 63, and reservoir caps 68 (with actuation
circuitry not shown). The sensor substrate subpart 62
includes glucose sensors 69 (e.g., working and counter
electrodes and glucose oxidase) and sensor deactivator
fuses 51 on substrate portion 66. The bonding step re-

quires avoidance of high temperatures that would pre-
maturely damage the glucose oxidase. Bonding and her-
metic sealing techniques which could be useful in fabri-
cating the devices are described in U.S. Patent Applica-
tion Publication No. 2003/0010808 to Uhland et al., and
U.S. Patent Application No. 10/894,265. Other bonding
techniques known in the art also could be used. In an
alternative embodiment, the sensor and the protective
component (i.e., the reservoir and opening mechanism)
can be fabricated on a single substrate, requiring no
bonding steps.

Multi-Unit Sensor and Drug Delivery Device

[0042] In another aspect, a medical device is provided
that includes an implantable sensor portion (or sensor
unit) and a separate drug delivery portion (or drug unit).
The drug delivery portion can be implantable or designed
to be worn externally. The sensor portion and the drug
delivery portion operate together to sense in vivo a chem-
ical entity or physiological condition and deliver one or
more drugs as therapeutically indicated, based at least
in part on a signal from the sensor portion. In a preferred
embodiment, the sensor unit comprises a multi-reservoir
device with reservoir-based sensors as described above
and illustrated in FIGS. 1-5 and 7-9.
[0043] The device includes features for communica-
tion between the drug delivery portion and the sensor
portion. In various embodiments, the communication is
through tissue and/or air by transmission of digital/analog
light, electromagnetic (e.g., RF), sonic/acoustic energy,
hydraulic energy, or combinations thereof, with or without
conductors. Examples of conductors include wire, optical
fiber, and fluid-filled lumens for sonic or hydraulic energy
conduction. In exemplary embodiments, the communi-
cation feature includes one or more of signal encoders/
transducers, emitters, receivers, and decoders/trans-
ducers.
[0044] In embodiments where the two portions are
tethered together, for example with a conductor such as
a wire, the wire preferably is provided with mating hard-
ware, such as a plug or other selectively disconnectable
connector, which permits the two portions to be separat-
ed and connected as needed. Such a feature would be
desirable, for example, when it is necessary to replace
one portion (e.g., to replace a battery or to reload with
drug) without disturbing the other portion, e.g., while leav-
ing the implanted portion in the patient.
[0045] An example of a two-portion device is illustrated
in FIG. 6. It shows a device 10 which comprises a sensor
unit 12 and a drug delivery unit 14, which are connected
by wires 16 and 18, where wires 16 and 18 can be joined
together by a female connector 20a and a male connector
20b. Drug delivery unit 14 is a pump which discharges
drug through flexible catheter 22. Sensor unit 12 com-
prises an array of reservoirs 24, each of which contains
a sensor. The sensor unit comprises a controller, which
can relay instructions to the drug delivery unit 14 via wires
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16 and 18.
[0046] In one embodiment, the drug unit comprises a
fully implantable infusion pump (IIP), which is intended
to provide long-term continuous or intermittent drug in-
fusion. The route of administration can include intrave-
nous, intra-arterial, subcutaneous, intraperitoneal, in-
trathecal, epidural, and intraventricular. Typically, the IIP
is surgically placed in a subcutaneous pocket under the
intraclavicular fossa or in the abdominal wall, and a cath-
eter extending from the IIP is threaded into the therapeu-
tically desirable location. In another embodiment, the
drug unit is an externally worn infusion pump and provid-
ed with a catheter through the patient’s skin. The pumps
can operate by a number of driving mechanisms includ-
ing peristalsis, fluorocarbon propellant, osmotic pres-
sure, piezoelectric disk benders, or the combination of
osmotic pressure with an oscillating piston. Represent-
ative examples drive mechanisms include those de-
scribed in U.S. Patent No. 6,805,693 to Gray et al., U.S.
Patent No. 6,554,800 to Nezhadian et al., and U.S. Patent
No. 6,375,638 to Nason et al.
[0047] In one embodiment, the drug delivery portion
comprises a multi-reservoir device with an active release
mechanism. In one example, the drug delivery portion
comprises one or more microchip devices comprising an
array of microreservoirs containing one or more drugs
for release. In another example, the drug delivery portion
comprises a microtube device or other device for accel-
erated release described in U.S. Patent Application Pub-
lication No. 2004/0106914 A1 to Coppeta, et al. In a fur-
ther example, the drug delivery portion has a cylindrical
or spherical body having one or more regions or surface
areas over which multiple reservoirs, such as microres-
ervoirs, are disposed.
[0048] In one embodiment, an apparatus is provided
for use in the management of diabetes. The apparatus
includes an insulin supply and delivery unit, a glucose-
monitoring (sensing) unit, and a controller that commu-
nicates with both units. In one embodiment, the insulin
supply and delivery unit (which can be externally worn
or fully implantable) comprises (1) a refillable reservoir
containing insulin, and (2) a pump for delivering the in-
sulin to patient. In one embodiment, the glucose-moni-
toring unit comprises an array of discrete reservoirs each
comprising individual glucose sensors covered by a se-
lectively removable reservoir cap. The controller, which
typically comprises a microprocessor, can be part of ei-
ther the insulin delivery unit or the glucose-monitoring
unit, or it can be a separate unit adapted to operably
communicate with both the glucose sensors and the in-
sulin delivery. The controller can monitor a patient’s glu-
cose level and can direct the insulin unit to deliver more
or less insulin depending upon the monitored glucose
level. The controller would make dosing decisions based
on an acceptable algorithm. The controller also can mon-
itor the accuracy and stability of each glucose sensor.
When it senses that the active sensor is not reading prop-
erly (e.g., because it has become fouled), then the con-

troller can direct the monitoring unit to open another res-
ervoir to expose a new sensor. The controller optionally
can direct the destruction of the old sensor to avoid po-
tential interference with operation of the new one.
[0049] In another embodiment, a medical device is pro-
vided for use in the treatment of cancer or hormone ther-
apy, where long-term drug delivery is needed and an in
vivo sensor can be used to monitor physiological chem-
ical or condition useful in determining the appropriate
dosage of therapeutic agent to deliver.

Additional Description of the Device

[0050] The sensing device includes a substrate having
a plurality of reservoirs, which contain sensors, and op-
tionally drug molecules for release. The substrate, res-
ervoirs, reservoir caps, control circuitry, and power
source are described herein and in U.S. Patents No.
5,797,898, No. 6,123,861, No. 6,551,838, No. 6,491,666,
and No. 6,527,762, as well as U.S. Patent Application
Publications No. 2002/0138067, No. 2002/0072784, No.
2002/0151776, and No. 2002/0107470. In one embodi-
ment, control of reservoir cap opening includes electro-
thermal ablation techniques, as described in U.S. Patent
Application Publication No. 2004/0121486 to Uhland, et
al.. The device may be a microchip device, or the reser-
voirs/sensors/reservoir caps can be integrated into an-
other type of device.
[0051] At times herein, the term "reservoir device" is
used to refer to the device comprising a substrate and
reservoirs, as distinguished from the "secondary device,"
which is disposed in the reservoirs of the reservoir device.

Substrate and Reservoirs

[0052] The substrate is the structural body (e.g., part
of a device) in which, or on which, the reservoirs are
formed. A reservoir can be a well, a container, or other
space in which reservoir contents are stored, as de-
scribed above. MEMS methods, micromolding, and mi-
cromachining techniques known in the art can be used
to fabricate the substrate/reservoirs from a variety of ma-
terials. See, for example, U.S. Patent No. 6,123,861 and
U.S. Patent Application Publication No. 2002/0107470.
[0053] Examples of suitable substrate materials in-
clude metals, ceramics, semiconductors, and degrada-
ble and non-degradable polymers. Biocompatibility of the
substrate material typically is preferred for in vivo device
applications. The substrate, or portions thereof, may be
coated, encapsulated, or otherwise contained in a bio-
compatible material (e.g., poly(ethylene glycol), poly-
tetrafluoroethylene-like materials, inert ceramics, dia-
mond-like materials, titanium, and the like) before use.
In one example, the substrate is formed of silicon. In one
embodiment, the substrate is hermetic, that is imperme-
able (at least during the time of use of the reservoir de-
vice) to the molecules to be delivered and to surrounding
gases or fluids (e.g., water, blood, electrolytes or other

13 14 



EP 1 694 200 B1

9

5

10

15

20

25

30

35

40

45

50

55

solutions). In another embodiment, the substrate is made
of a strong material that degrades or dissolves over a
defined period of time into biocompatible components.
Examples of biocompatible polymers include poly(lactic
acid)s, poly(glycolic acid)s, and poly(lactic-co-glycolic
acid)s, as well as degradable poly(anhydride-co-imides).
The substrate may consist of only one material, or may
be a composite or multi-laminate material, that is, com-
posed of several layers of the same or different substrate
materials that are bonded together.
[0054] The substrate can be flexible or rigid, and it can
be in various shapes and have a range of differently
shaped surfaces. The substrate may, for example, be in
a shape selected from disks, cylinders, or spheres. For
example, it can have a first side for release/exposure of
reservoir contents and a second, opposite side, wherein
the release side is shaped to conform to a curved tissue
surface or into a body lumen and the back side (distal
the release side) is shaped to conform to an attachment
surface.
[0055] The substrate thickness can vary depending
upon the particular device and application using the ac-
tivation system described herein. For example, the thick-
ness of a device may vary from approximately 10 Pm to
several millimeters (e.g., 500 Pm). Total substrate thick-
ness and reservoir volume can be increased by bonding
or attaching wafers or layers of substrate materials to-
gether. The device thickness may affect the volume of
each reservoir and/or may affect the maximum number
of reservoirs that can be incorporated onto a substrate.
The size and number of substrates and reservoirs can
be selected to accommodate the quantity and volume of
reservoir contents needed for a particular application, al-
though other constraints such as manufacturing limita-
tions or total device size limitations (e.g., for implantation
into a patient) also may be important design factors. For
example, devices for in vivo applications desirably would
be small enough to be implanted using minimally invasive
procedures, such as via a trochar or injection technique.
[0056] The substrate includes at least two and prefer-
ably tens or hundreds of reservoirs. The substrate could
include, for example, 200 to 400 reservoirs, each con-
taining a sensor. For simplicity, only one or two reservoirs
are shown in the Figures herein; however, it is understood
that a device, particularly an implantable medical device
preferably would contain an array of many more reser-
voirs.
[0057] In one preferred embodiment, the reservoir has
a volume equal to or less than 500 PL (e.g., less than
250 PL, less than 100 PL, less than 50 PL, less than 25
PL, less than 10 PL, etc.) and greater than about 1 nL
(e.g., greater than 5 nL, greater than 10 nL, greater than
about 25 nL, greater than about 50 nL, greater than about
1 PL, etc.). In still other embodiments, particularly where
the area for sensor exposure desirably is large, the vol-
ume of the reservoir is larger than 500 PL. In such em-
bodiments, a single reservoir may preferably include two
or more reservoir caps, as described in U.S. Patent Ap-

plication No. 60/606,387.

Sensor and Other Reservoir Contents

[0058] The devices contain sensors or sensor compo-
nents that need to be protected from surrounding envi-
ronmental components until their exposure is desired.
These sensors or sensor components are sometimes re-
ferred to herein as "secondary devices." The reservoirs
may alternatively or additionally include other reservoir
contents such as reacting components.
[0059] The secondary device is a sensor or sensing
component. As used herein, a "sensing component" in-
cludes a component utilized in measuring or analyzing
the presence, absence, or change in a chemical or ionic
species, energy, or one or more physical properties (e.g.,
pH, pressure) at a site. Types of sensors include biosen-
sors, chemical sensors, physical sensors, or optical sen-
sors. Preferred sensors measure properties such as bi-
ological activity, chemical activity, pH, temperature, pres-
sure, optical properties, radioactivity, and electrical con-
ductivity. Other possible properties to measure include
glucose and blood gases, such as oxygen and carbon
dioxide. These may be discrete sensors (e.g., "off-the-
shelf" sensors) or sensors integrated into or onto the sub-
strate. Biosensors typically include a recognition element
such as an enzyme or antibody or nucleic acid. The trans-
ducer used to convert the interaction between the analyte
and recognition element into an electronic signal may be,
for example, electrochemical, optical, piezoelectric, or
thermal in nature. Representative examples of biosen-
sors constructed using microfabrication methods are de-
scribed in U.S. Patent Nos. 5,200,051; 5,466,575;
5,837,446; and 5,466,575 to Cozzette, et al.
[0060] In one embodiment, the sensor comprises a dif-
ferential oxygen sensor or other sensor known in the art
that has two (or more) working electrodes. For example,
glucose oxidase or other enzyme can be immobilized on
one working electrode and not on a second working elec-
trode and the differential between the detection levels is
used to determine concentration of an analyte. See, for
example, U.S. Patent No. 6,498,043.
[0061] The devices also can store and expose any
combination of chemicals and devices. For example,
each reservoir can contain a different chemical or mole-
cule for release. In one embodiment, the chemical con-
tained in the reservoir is an enzyme, glucose oxidase,
which is used in some glucose sensing devices. In an-
other embodiment, the device reservoirs contain another
type glucose sensor.
[0062] It is also understood that multiple devices hav-
ing completely different functions can be placed inside
or near each reservoir of the device. For example, three
sensors for detecting and quantifying three molecules
can be located in the same reservoir, while three com-
pletely different sensors for detecting three different mol-
ecules can be placed in a neighboring reservoir. Alter-
natively, a single device may be comprised of three com-
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ponents, each of which is located in a different reservoir.
With this technology, a medical device has the ability to
selectively expose each chemical, device, or device com-
ponent to the environment outside of the reservoir and
to vary the number and type of chemicals and devices
associated with each reservoir.
[0063] There are several different options for receiving
and analyzing data obtained with devices located in the
reservoir devices. First, the output signal from the device
can be recorded and stored in writeable computer mem-
ory chips. Second, the output signal from the device can
be directed to a microprocessor for analysis and process-
ing. Third, the signal can be sent to a remote location
away from the reservoir device. For example, the reser-
voir device can be provided with a transmitter (RF, ultra-
sound, magnetic, etc.) in order to transmit a signal (e.g.,
data) from the reservoir device to a computer or other
remote receiver. The reservoir device can also be con-
trolled using the same or similar transmission mecha-
nisms. Power can be supplied to the reservoir device
locally by a battery or remotely by wireless transmission.
[0064] As used herein, unless explicitly indicated oth-
erwise, the term "reacting component" includes any
chemical species which can be involved in a reaction,
including reagents; catalysts, including enzymes, metals,
and zeolites; proteins; nucleic acids; polysaccharides;
polymers; cells, as well as organic or inorganic mole-
cules, including diagnostic agents. The reacting compo-
nent contained within a reservoir may be present in any
form (e.g., solid, liquid, gel, or vapor). It may be present
in the reservoir in pure form or as a mixture with other
materials. For example, the chemicals may be in the form
of solid mixtures, such as amorphous and crystalline
mixed powders, porous or nonporous monolithic solid
mixtures, and solid interpenetrating networks; liquid mix-
tures or solutions, including emulsions, colloidal suspen-
sions, and slurries; and gel mixtures, such as hydrogels.
When the reservoir cap is removed from a reservoir, the
chemicals inside the reservoir can remain in the reservoir
or can be released from the reservoir.
[0065] In one embodiment wherein the chemicals re-
main in the reservoir, the chemicals are zeolites used for
a heterogeneous reaction. When the reservoir cap is re-
moved, the reagents diffuse into the reservoir to react at
the surface or in the interior of the zeolite catalyst, which
remains in the reservoir.
[0066] The material in the reservoir can include one or
more lyophilized components. Such lyophilized materials
can be loaded into the reservoir following lyophilization
or alternatively a fluid component containing the material
can be loaded into the reservoirs and then subsequently
lyophilized.
[0067] In one embodiment, the device includes one or
more biosensors (which may be sealed in reservoirs until
needed for use) that are capable of detecting and/or
measuring signals within the body of a patient. As used
herein, the term "biosensor" includes sensing devices
that transduce the chemical potential of an analyte of

interest into an electrical signal (e.g., an ion selective
field effect transistor or ISFET), as well as electrodes that
measure electrical signals directly or indirectly (e.g., by
converting a mechanical or thermal energy into an elec-
trical signal). For example, the biosensor may measure
intrinsic electrical signals (EKG, EEG, or other neural sig-
nals), pressure, temperature, pH, or mechanical loads
on tissue structures at various in vivo locations. The elec-
trical signal from the biosensor can then be measured,
for example by a microprocessor/controller, which then
can transmit the information to a remote controller, an-
other local controller, or both. For example, the system
can be used to relay or record information on the patient’s
vital signs or the implant environment, such as drug con-
centration.
[0068] In a preferred embodiment, the reservoir con-
tents further include a confining layer incorporated be-
tween the sensor or a reagent and the space above. The
confining layer permits transport of an analyte to reach
the reagent or sensor, prevents one or more non-analyte
substances from contacting the reagent or sensor, and
secures or contains the sensor/reagent to prevent dissi-
pation into the body, which may degrade the sensor/re-
agent or may be deleterious to the patient’s body. In some
embodiments, the confining layer is a polymer, a micro-
porous structure, or a hydrogel.

Reservoir Caps

[0069] As used herein, the term "reservoir cap" in-
cludes a membrane or other structure suitable for sepa-
rating the contents of a reservoir from the environment
outside of the reservoir. It generally is self-supporting
across the reservoir opening. The devices, however, can
further include additional structures fabricated to provide
mechanical support to the reservoir cap. In another em-
bodiment, the reservoir cap is supported by or resting
directly or indirectly on the material to be covered/pro-
tected, such as the drug formulation or biosensor.
[0070] In another embodiment, multiple reservoir caps
may be located over an individual reservoir and support-
ed by a grid structure, as described in U.S. Patent Appli-
cation No. 60/606,387. Such multiple caps allow a larger
area of the reservoir to be exposed than may be feasible
using a single large cap. For example, opening a large
cap may require more power or generation of more heat
that could damage tissue or sensors compared to open-
ing several smaller caps. Smaller caps may be opened
simultaneously or sequentially.
[0071] Selectively removing the reservoir cap or mak-
ing it permeable will then "expose" the contents of the
reservoir to the environment (or selected components
thereof) surrounding the reservoir. In preferred embodi-
ments, the reservoir cap is selectively disintegrated. As
used herein, the term "disintegrate" is used broadly to
include without limitation degrading, dissolving, ruptur-
ing, fracturing or some other form of mechanical failure,
as well as a loss of structural integrity due to a chemical

17 18 



EP 1 694 200 B1

11

5

10

15

20

25

30

35

40

45

50

55

reaction (e.g., electrochemical degradation) or phase
change (e.g., melting) in response to a change in tem-
perature, unless a specific one of these mechanisms is
indicated. In one specific embodiment, the "disintegra-
tion" is by an electrochemical activation technique, such
as described in U.S. Patent No. 5,797,898. In another
specific embodiment, the "disintegrate" or "rupture" of
the reservoir cap is conducted by a mechanism described
in U.S. Patent No. 6,527,762 or U.S. Patent No.
6,491,666. In yet another specific embodiment, the "dis-
integration" is by an electro-thermal ablation technique,
as described in U.S. Patent Application Publication No.
2004/0121486 to Uhland, et al.
[0072] In active release devices, the reservoir cap gen-
erally includes any material that can be disintegrated or
permeabilized in response to an applied stimulus, e.g.,
electric field or current, magnetic field, change in pH, or
by thermal, chemical, electrochemical, or mechanical
means.
[0073] In one embodiment, the reservoir cap is a thin
metal film and is impermeable to the surrounding envi-
ronment (e.g., body fluids or another chloride containing
solution). In one variation, a particular electric potential
is applied to the metal reservoir cap, which is then oxi-
dized and disintegrated by an electrochemical reaction,
to expose the sensor located in the reservoir. Examples
of suitable reservoir cap materials include gold, silver,
copper, and zinc.
[0074] In another variation, the reservoir cap is heated
(e.g., using resistive heating) to cause the reservoir cap
to melt and be displaced from the reservoir to open it.
This latter variation could be used, for example, with res-
ervoir caps formed of a metal or a non-metal material,
e.g., a polymer. In yet another variation, the reservoir cap
is formed of a polymer or other material that undergoes
a temperature-dependent change in permeability such
that upon heating to a pre-selected temperature, the res-
ervoir cap is rendered permeable to molecules involved
in the sensing function.
[0075] In still another embodiment, the reservoir cap
is formed of a conductive material, such as a metal film,
through which an electrical current can be passed to elec-
trothermally ablate it, as described in U.S. Patent Appli-
cation Publication No. 2004/0121486 to Uhland, et al.
Representative examples of suitable reservoir cap ma-
terials include gold, copper, aluminum, silver, platinum,
titanium, palladium, various alloys (e.g., Au/Si, Au/Ge,
Pt-Ir, Ni-Ti, Pt-Si, SS 304, SS 316), and silicon doped
with an impurity to increase electrical conductivity, as
known in the art. In one embodiment, the reservoir cap
is in the form of a multi-layer structure, such as a multi-
layer/laminate structure of platinum/titanium/platinum.
The reservoir cap is operably (i.e., electrically) connected
to an electrical input lead and to an electrical output lead,
to facilitate flow of an electrical current through the res-
ervoir cap. When an effective amount of an electrical cur-
rent is applied through the leads and reservoir cap, the
temperature of the reservoir cap is locally increased due

to resistive heating, and the heat generated within the
reservoir cap increases the temperature sufficiently to
cause the reservoir cap to be electrothermally ablated
(ruptured or disintegrated).
[0076] In passive opening devices, the reservoir cap
is formed from a material or mixture of materials that de-
grade, dissolve, or disintegrate over time, or that do not
degrade, dissolve, or disintegrate, but are permeable or
become permeable to molecules or energy. Represent-
ative examples of reservoir cap materials include poly-
meric materials, and non-polymeric materials such as
porous forms of metals, semiconductors, and ceramics.
Passive semiconductor reservoir cap materials include
nanoporous or microporous silicon membranes.
[0077] Any combination of passive and/or active res-
ervoir-opening mechanisms can be used.

Controlling Sensor Exposure

[0078] The device preferably is provided with a control
means to control the time at which the reservoir is opened
and/or the sensor exposed. The particular features of the
control means depend on the mechanism of reservoir
cap activation described herein.
[0079] For example, the control means can include the
hardware, electrical components, and software needed
to control and deliver the electric current from a power
source to selected reservoir caps for actuation (i.e., open-
ing). The control means can include an input source, a
microprocessor, a timer, a demultiplexer (or multiplexer),
and a power source. As used herein, the term "demulti-
plexer" also refers to multiplexers. The power source pro-
vides energy to activate the selected reservoir. For ex-
ample, the operation of the reservoir opening system can
be controlled by an on-board microprocessor (e.g., the
microprocessor is within an implantable or insertable de-
vice). The microprocessor can be programmed to initiate
the disintegration or permeabilization of the reservoir cap
at a pre-selected time or in response to one or more of
signals or measured parameters, including receipt of a
signal from another device (for example by remote con-
trol or wireless methods) or detection of a particular con-
dition using a sensor such as a biosensor. In another
embodiment, a simple state machine is used, as it typi-
cally is simpler, smaller, and/or uses less power than a
microprocessor. The device can also be activated or
powered using wireless means, for example, as de-
scribed in U.S. 20020072784 A1 to Sheppard et al. In
one embodiment, the activation means comprises one
or more capacitors. For instance, capacitors could be
used in the thermal ablation reservoir opening circuitry.
In another embodiment, the activation means comprises
power and data transmission means that include the use
of modulated ultrasonic energy. See, e.g., U.S. Patent
No. 6,432,050 to Porat et al.
[0080] In one embodiment, the device includes a sub-
strate having a two-dimensional array of reservoirs ar-
ranged therein, anode reservoir caps covering each of
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the reservoirs, cathodes positioned on the substrate near
the anodes, and means for actively controlling disinte-
gration of the reservoir caps. The means includes a pow-
er source and circuitry to control and deliver an electrical
potential energy. That is, the control circuitry can have
potentiostat/galvanostat functionality to drive a reaction
between selected anodes and cathodes. Upon applica-
tion of a potential between the electrodes, electrons pass
from the anode to the cathode through the external circuit
causing the anode material (reservoir cap) to oxidize and
dissolve into the surrounding fluids, exposing the sensor
to the surrounding fluids, e.g., in vivo. The microproces-
sor directs power to specific electrode pairs through a
demultiplexer as directed by an EPROM, remote control,
or biosensor.
[0081] In another embodiment, the control means con-
trols electro-thermal ablation of the reservoir cap. For
example, the device could include a reservoir cap formed
of an electrically conductive material; an electrical input
lead connected to the reservoir cap; an electrical output
lead connected to the reservoir cap; and a control means
to deliver an effective amount of electrical current through
the reservoir cap, via the input lead and output lead, to
locally heat and rupture the reservoir cap to expose the
sensor. In one embodiment, the reservoir cap and con-
ductive leads are formed of the same material, where the
temperature of the reservoir cap increases locally under
applied current because the reservoir cap is suspended
in a medium that is less thermally conductive than the
substrate. Alternatively, the reservoir cap and conductive
leads are formed of the same material, and the reservoir
cap has a smaller cross-sectional area in the direction of
electric current flow, where the increase in current density
through the reservoir cap causes an increase in localized
heating. The reservoir cap alternatively can be formed
of a material that is different from the material forming
the leads, wherein the material forming the reservoir cap
has a different electrical resistivity, thermal diffusivity,
thermal conductivity, and/or a lower melting temperature
than the material forming the leads. Various combina-
tions of these embodiments can be employed.
[0082] In one embodiment using the electrothermal
ablation opening mechanism, the reservoirs are arrayed
in the substrate in a square matrix (e.g., four or more
reservoirs positioned in a two-dimensional array), with
the input side of the reservoir caps electrically connected
in parallel by row, and the output side of the reservoir
caps electrically connected in parallel by column. The
conductor material also can form input leads, output
leads, and reservoir caps. In an alternative design, which
still uses the interconnected rows and columns, the res-
ervoir caps are formed of a different material than the
leads (or rows or columns of conductor material). An in-
sulating material is provided at the intersection of the
columns and rows to prevent short-circuiting. The insu-
lating material can be provided between the upper sur-
face of the column and the lower surface of the row. This
embodiment provides a matrix-addressed array with sig-

nificantly reduced input/output (I/O) requirements. The
electrically conductive reservoir caps form electrical con-
nections between the rows and columns of the array.
When applying a voltage/current to a designated row and
column to activate the reservoir cap at the intersection
of the row and column, the connections cause current to
flow through other reservoir caps. In one embodiment,
additional rows and columns can be added to the array,
and conducting elements added at each of the intersec-
tions, to prevent an operable reservoir cap from being
exposed to relatively large unintended currents, which
might cause premature rupture. These additional con-
ductors could be made of the same material as the res-
ervoir caps, but would not be located over reservoirs. In
another approach, the reservoir caps are designed to
rupture without creating an open circuit (to retain essen-
tially the same electrical resistance) between the input
and output leads. In embodiments where the passage of
current through non-addressed reservoir caps in the ar-
ray is undesirable, a rectifying element, such as a diode,
can be added in series connection with each reservoir
cap, to eliminate unintended currents. The diode could
be a semiconductor junction diode or a Schottky barrier
diode. If a silicon substrate is used in the controlled re-
lease device, then the substrate and rectifying element
could be integrally formed. The processes of introducing
impurities into semiconductors to modify its conductivity
and majority charge carrier, such as diffusion or ion im-
plantation, and creating metal to semiconductor con-
tacts, are well known. These could be integrated into the
reservoir device fabrication process. Alternatively, spe-
cific activation of a reservoir cap can be accomplished
by integrating a transistor with each reservoir cap. In one
embodiment, such a matrix approach is accomplished
with transistors. Where transistors are integrated onto a
microchip substrate, other active electronic components
such as multiplexing switches optionally may also be able
to be integrated into the reservoir device.
[0083] Microelectronic device packages are typically
made of an insulating or dielectric material such as alu-
minum oxide or silicon nitride. Low cost packages can
also be made of plastics or reinforced epoxies (similar to
those used in making printed circuit boards). Their pur-
pose is to allow all components of the device to be placed
in close proximity and to facilitate the interconnection of
components to power sources and to each other, while
protecting the electronics from the environment. Implant-
able reservoir device packages typically are hermetically
sealed, e.g., in a titanium encasement, which essentially
exposes only the reservoir caps.
[0084] The control means can include a microproces-
sor, a timer, a demultiplexer, and an input source (for
example, a memory source, a signal receiver, or a bio-
sensor), and a power source. The timer and demultiplex-
er circuitry can be designed and incorporated directly on-
to the surface of the microchip during electrode fabrica-
tion, or may be incorporated in a separate microchip. The
criteria for selection of a microprocessor are small size,
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low power requirement, and the ability to translate the
output from memory sources, signal receivers, or biosen-
sors into an address for the direction of power through
the demultiplexer to a specific reservoir on the microchip
device. Selection of a source of input to the microproc-
essor such as memory sources, signal receivers, or bi-
osensors depends on the microchip device’s particular
application and whether device operation is prepro-
grammed, controlled by remote means, or controlled by
feedback from its environment (i.e., biofeedback).
[0085] A microprocessor is used in conjunction with a
source of memory such as erasable programmable read
only memory (EPROM), a timer, a demultiplexer, and a
power source such as a battery or a biofuel cell. A pro-
grammed sequence of events including the time a res-
ervoir is to be opened and the location or address of the
reservoir is stored into the EPROM by the user. When
the time for exposure or release has been reached as
indicated by the timer, the microprocessor sends a signal
corresponding to the address (location) of a particular
reservoir to the demultiplexer. The demultiplexer routes
an input, such as an electric potential or current, to the
reservoir addressed by the microprocessor.

Uses of the Devices

[0086] The devices have numerous in vitro and in vivo
applications. The devices can be used in a variety of ap-
plications in which it is desired to selectively expose sen-
sors or other secondary devices, or release discrete
quantities of drug or other chemical molecules. Applica-
tions include controlled or selective, on-demand sensing,
for example to detect the presence or absence of a type
of molecule, to test for biological activity or reactivity of
molecules exposed to the sensor, or to measure param-
eters, such as pH, temperature, reactivity with another
molecule, optical properties (e.g., refractive index, color,
or fluorescence), radioactivity, pressure, or electrical
conductivity. In one embodiment, the sensor employs an
optical fiber that can be used to sense changes in optical
properties in or near the reservoirs, changes which might
occur, for example, due to a reaction in the reservoir or
in the environment adjacent the reservoir. In a related
embodiment, the reservoir contains a scintillation fluid to
aid in the (optical) detection of radioactive materials.
[0087] The present devices are particularly useful in
applications where prolonged exposure of a catalyst to
the environment results in decreased performance of the
catalyst due to "fouling" or coating of the catalyst surface
or due to chemical degradation of the catalyst. The de-
vices would enable many discrete quantities of catalyst
to be contained in one small device, with each quantity
available independently when needed. For example, if
the catalyst of a first reservoir becomes fouled, then a
second reservoir can be opened to expose fresh catalyst,
and repeated for any number of reservoirs. Furthermore,
different catalysts can be provided in different reservoirs
of a single device, thereby enhancing the range of reac-

tions that can be catalyzed with a single device.
[0088] In a preferred embodiment, the device contains
sensors for use in glucose monitoring and insulin control.
Information from the sensor could be used to actively
control insulin release from the same device or from a
separate insulin delivery device (e.g., a conventional in-
sulin pump, either implanted or externally-worn).
[0089] In one embodiment, an implantable medical de-
vice has reservoirs in which pairs sensors are stored for
selective exposure: a reference sensor and a working
sensor. The reference sensor is used to check the oper-
ation of the working sensor. A microprocessor, powered
by a power source, can be programmed to continuously
compare, e.g., using voltmeters or other instrumentation,
the operation of the working sensor to the reference sen-
sor in a reservoir. If a first sensor in a first reservoir is not
operating properly, a signal can be sent back to the mi-
croprocessor, which, in turn, can activate a second res-
ervoir to expose a new pair of electrodes. Optionally, the
microprocessor can send a signal to a transmitter to notify
a remotely located computer that one less operational
sensor remains or to signal other operational information.
[0090] In another embodiment, a present state of the
patient is measured by the device and compared to a
reference state by statistical and medically relevant cri-
teria. Subsequent programs of sensing and/or drug de-
livery by the sensing device and/or by a separate drug
delivery device are dependent upon the outcome of the
comparison.
[0091] The present devices also can be used in vitro
to selectively expose secondary devices or device com-
ponents, reacting components, or both to the surrounding
environment or components thereof, particularly in the
fields of analytical chemistry and medical diagnostics.
For some in vitro applications, the devices can release
small, controlled amounts of chemical reagents or other
molecules into solutions or reaction mixtures at precisely
controlled times and rates. In others, secondary devices
such as sensors can be protected from the surrounding
environment until they are needed. For example, the cat-
alyst (i.e., enzyme) can be protected in the reservoir from
the surrounding environment until it is desired to expose
the enzyme and catalyze the reaction of interest.

Claims

1. A device for the controlled exposure of a sensor or
a sensing component, comprising:

a substrate;
a plurality of reservoirs in the substrate;
an operational sensor or a sensing component
in one or more of the reservoirs;
a reservoir cap covering each of the reservoirs
to isolate the sensor or the sensing component
from an environmental component outside the
reservoirs, wherein the reservoir cap is imper-
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meable to the environmental component;
means for disintegrating or permeabilizing the
reservoir cap to expose the sensor or the sens-
ing component to the environmental compo-
nent; and
means for selectively rendering the sensor or
the sensing component inoperable.

2. The device of claim 1, wherein the means for disin-
tegrating or permeabilizing comprises a microproc-
essor programmed to initiate said disintegrating or
permeabilizing at a specified time, upon receipt of a
signal from another device, or upon detection of a
specified sensed condition.

3. The device of claim 1, wherein the means for selec-
tively rendering the sensor or the sensing component
inoperable comprises a thermal ablation electrode,
which renders the operational sensor or sensing
component inoperable upon passage of an electric
current therethrough.

4. The device of claim 1, wherein the means for selec-
tively rendering the sensor or the sensing component
inoperable comprises a resistive heater.

5. The device of claim 4, wherein the sensor or the
sensing component comprises an enzyme and the
resistive heater generates heat effective to deacti-
vate the enzyme.

6. The device of claim 5, wherein the enzyme compris-
es a glucose oxidase.

7. The device of claim 1, wherein the means for selec-
tively rendering the sensor or the sensing component
inoperable comprises one or more chemical reactant
materials that react to generate energy, an expand-
ing gas, or other reaction product to render the op-
erational sensor or the sensing component inoper-
able.

8. The device of claim 1, further comprising a biode-
gradable intermediary material disposed in the res-
ervoir underneath the reservoir cap and covering the
sensor or the sensing component.

9. The device of claim 1, further comprising a thin layer
of a structural material underneath the reservoir cap
and an evacuated or gas-filled space in the reservoir
between the sensor or the sensing component and
the structural material layer.

10. The device of claim 1, further comprising:
a biodegradable intermediary material disposed in
the reservoir underneath the reservoir cap and cov-
ering the secondary device; and
means for disintegrating or permeabilizing the res-

ervoir cap to expose the biodegradable intermediary
material to a fluid from outside the device to cause
the biodegradable intermediary material to disinte-
grate to expose the sensor or the sensing component
to the environmental component.

11. The device of claim 10, wherein the biodegradable
intermediary material comprises a water-soluble sol-
id, liquid, or gel.

12. The device of claim 10, wherein the biodegradable
intermediary material comprises a polyethylene gly-
col, a polyethylene oxide, or a copolymer of poly(lac-
tic-co-glycolic) acid.

13. The device of claim 10, further comprising a layer of
a structural material underneath the reservoir cap
and disposed between the biodegradable interme-
diary material and the reservoir cap.

14. The device of claim 13, wherein the structural mate-
rial comprises a dielectric material.

15. The device of claim 1, further comprising:
an evacuated or gas-filled space disposed in the res-
ervoir between the reservoir cap and the sensor or
the sensing component.

16. The device of claim 15, wherein the space is filled
with an inert gas.

17. The device of claim 15, wherein the space is filled
with a gas selected from the group consisting of air,
nitrogen, helium, and argon.

18. The device of any one of claims 1-17 , wherein the
sensor or the sensing component comprises a glu-
cose sensor, or
comprises glucose oxidase.

19. The device of any one of claims 1-17, wherein the
sensor or the sensing component comprises at least
one working electrode, a counter electrode, an en-
zyme provided the at least one working electrode,
and a semipermeable membrane covering the en-
zyme and at least part of the at least one working
electrode.

20. The device of any one of claims 1-17 or claim 18 or
claim 19 , wherein the substrate comprises two or
more portions bonded together, or
wherein the substrate is monolithic.

21. The device of any one of claims 1-17, wherein the
reservoirs are microreservoirs.

22. A medical device comprising:
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an implantable sensor unit which comprises the
device of any of claims 1 to 17; and
a drug delivery unit comprising at least one ther-
apeutic agent for release,
wherein the drug delivery unit is in communica-
tion with the implantable sensor unit and releas-
es the therapeutic agent in response to the sen-
sor’s sensing of the environmental component.

Patentansprüche

1. Vorrichtung zum kontrollierten Freilegen eines Sen-
sors oder einer Erfassungskomponente, wobei die
Vorrichtung Folgendes umfasst:

ein Substrat;
mehrere Reservoirs in dem Substrat;
einen betriebsbereiten Sensor oder eine be-
triebsbereite Erfassungskomponente in einem
oder mehreren der Reservoirs;
einen Reservoirdeckel, der jedes der Reservoirs
bedeckt, um den Sensor oder die Erfassungs-
komponente von einer Umgebungskomponente
außerhalb der Reservoirs zu isolieren, wobei
der Reservoirdeckel für die Umgebungskompo-
nente undurchlässig ist;
ein Mittel zum Zersetzen oder Durchlässigma-
chen des Reservoirdeckels, um den Sensor
oder die Erfassungskomponente der Umge-
bungskomponente auszusetzen; und
ein Mittel, um den Sensor oder die Erfassungs-
komponente selektiv außer Betrieb zu setzen.

2. Vorrichtung nach Anspruch 1, wobei das Mittel zum
Zersetzen oder Durchlässigmachen einen Mikropro-
zessor umfasst, der dafür programmiert ist, zu einem
festgelegten Zeitpunkt nach dem Empfang eines Si-
gnals von einer anderen Vorrichtung oder nach dem
Erfassen einer festgelegten Bedingung die Zerset-
zung oder das Durchlässigmachen auszulösen.

3. Vorrichtung nach Anspruch 1, wobei das Mittel, um
den Sensor oder die Erfassungskomponente selek-
tiv außer Betrieb zu setzen, eine thermische Ablati-
onselektrode umfasst, welche den betriebsbereiten
Sensor oder die betriebsbereite Erfassungskompo-
nente nach dem Durchfluss eines elektrischen
Stroms durch sie hindurch außer Betrieb setzt.

4. Vorrichtung nach Anspruch 1, wobei das Mittel, um
den Sensor oder die Erfassungskomponente selek-
tiv außer Betrieb zu setzen, eine Widerstandshei-
zung umfasst.

5. Vorrichtung nach Anspruch 4, wobei der Sensor oder
die Erfassungskomponente ein Enzym umfasst und
die Widerstandsheizung eine Wärme erzeugt, die

bewirkt, dass das Enzym deaktiviert wird.

6. Vorrichtung nach Anspruch 5, wobei das Enzym eine
Glucoseoxidase umfasst.

7. Vorrichtung nach Anspruch 1, wobei das Mittel, um
den Sensor oder die Erfassungskomponente selek-
tiv außer Betrieb zu setzen, ein oder mehrere che-
misch reagierende Materialien umfasst, die so rea-
gieren, dass sie Energie, ein sich ausdehnendes
Gas oder ein anderes Reaktionsprodukt erzeugen,
um den Sensor oder die Erfassungskomponente au-
ßer Betrieb zu setzen.

8. Vorrichtung nach Anspruch 1, welche ferner ein bio-
logisch abbaubares Zwischenmaterial umfasst, das
in dem Reservoir unterhalb des Reservoirdeckels
angeordnet ist und den Sensor oder die Erfassungs-
komponente bedeckt.

9. Vorrichtung nach Anspruch 1, welche ferner eine
dünne Schicht eines Strukturmaterials unterhalb des
Reservoirdeckels und einen evakuierten oder mit
Gas gefüllten Raum in dem Reservoir zwischen dem
Sensor oder der Erfassungskomponente und der
Strukturmaterialschicht umfasst.

10. Vorrichtung nach Anspruch 1, welche ferner das Fol-
gende umfasst:

ein biologisch abbaubares Zwischenmaterial,
welches in dem Reservoir unterhalb des Reser-
voirdeckels angeordnet ist und den Sensor oder
die Erfassungskomponente bedeckt;
ein Mittel zum Zersetzen oder Durchlässigma-
chen des Reservoirdeckels, um das biologisch
abbaubare Zwischenmaterial einem Fluid von
außerhalb der Vorrichtung auszusetzen, um zu
bewirken, dass sich das biologisch abbaubare
Zwischenmaterial zersetzt, um den Sensor oder
die Erfassungskomponente der Umgebungs-
komponente auszusetzen.

11. Vorrichtung nach Anspruch 10, wobei das biologisch
abbaubare Zwischenmaterial einen wasserlöslichen
Feststoff, eine Flüssigkeit oder ein Gel umfasst.

12. Vorrichtung nach Anspruch 10, wobei das biologisch
abbaubare Zwischenmaterial ein Polyethylenglykol,
ein Polyethylenoxid oder ein Copolymer Poly(milch-
co-glykolsäure) umfasst.

13. Vorrichtung nach Anspruch 10, welche ferner eine
Schicht eines Strukturmaterials unterhalb des Re-
servoirdeckels umfasst, die zwischen dem biolo-
gisch abbaubaren Zwischenmaterial und dem Re-
servoirdeckel angeordnet ist.
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14. Vorrichtung nach Anspruch 13, wobei das Struktur-
material ein dielektrisches Material umfasst.

15. Vorrichtung nach Anspruch 1, welche ferner das Fol-
gende umfasst:

einen evakuierten oder mit Gas gefüllten Raum
in dem Reservoir zwischen dem Reservoirdek-
kel und dem Sensor oder der Erfassungskom-
ponente.

16. Vorrichtung nach Anspruch 15, wobei der Raum mit
einem inerten Gas gefüllt ist.

17. Vorrichtung nach Anspruch 15, wobei der Raum mit
einem Gas gefüllt ist, das aus der Gruppe ausge-
wählt ist, die aus Luft, Stickstoff, Helium und Argon
besteht.

18. Vorrichtung nach einem der Ansprüche 1 bis 17, wo-
bei der Sensor oder die Erfassungskomponente ei-
nen Glucosesensor oder Glucoseoxidase umfasst.

19. Vorrichtung nach einem der Ansprüche 1 bis 17, wo-
bei der Sensor oder die Erfassungskomponente
mindestens eine Arbeitselektrode, eine Gegenelek-
trode, ein Enzym, das an der mindestens einen Ar-
beitselektrode bereitgestellt ist, und eine semiper-
meable Membran umfasst, die das Enzym und zu-
mindest einen Teil der mindestens einen Arbeits-
elektrode bedeckt.

20. Vorrichtung nach einem der Ansprüche 1 bis 19, wo-
bei das Substrat zwei oder mehrere Abschnitte um-
fasst, die miteinander verbunden sind, oder monoli-
thisch ist.

21. Vorrichtung nach einem der Ansprüche 1 bis 17, wo-
bei es sich bei den Reservoirs um Mikroreservoirs
handelt.

22. Medizinische Vorrichtung, welche das Folgende um-
fasst:

eine implantierbare Sensoreinheit, welche eine
Vorrichtung nach einem der Ansprüche 1 bis 17
umfasst; und
eine Medikamentenabgabeeinheit, welche min-
destens ein freizusetzendes therapeutisches
Mittel umfasst,
wobei die Medikamentenabgabeeinheit mit dem
implantierbaren Sensor in Kommunikation steht
und das therapeutische Mittel in Reaktion darauf
freisetzt, dass der Sensor die Umgebungskom-
ponente erfasst.

Revendications

1. Dispositif pour l’exposition contrôlée d’un capteur ou
un composant de détection comprenant :

un substrat ;
une pluralité de réservoirs dans le substrat ;
un capteur ou un composant de détection opé-
rationnel dans un ou plusieurs des réservoirs ;
un capuchon de réservoir recouvrant chacun
des réservoirs pour isoler le capteur ou le com-
posant de détection d’un composant environne-
mental extérieur aux réservoirs, où le capuchon
de réservoir est imperméable au composant
environnemental ;
un moyen pour désintégrer ou perméabiliser le
capuchon de réservoir afin d’exposer le capteur
ou le composant de détection au composant
environnemental ; et
un moyen pour rendre sélectivement le capteur
ou le composant de détection inopérant.

2. Dispositif de la revendication 1, caractérisé en ce
que le moyen pour désintégrer ou perméabiliser
comprend un microprocesseur programmé pour ini-
tier ladite désintégration ou perméabilisation à un
temps spécifié, lors de la réception d’un signal de-
puis un autre dispositif, ou lors de la détection d’une
condition détectée spécifiée.

3. Dispositif de la revendication 1, caractérisé en ce
que le moyen pour rendre sélectivement le capteur
ou le composant de détection inopérant comprend
une électrode à ablation thermique, qui rend inopé-
rant le capteur ou composant de détection opéra-
tionnel par passage d’un courant électrique à travers
celui-ci.

4. Dispositif de la revendication 1, caractérisé en ce
que le moyen pour rendre sélectivement le capteur
ou le composant de détection inopérant comprend
une résistance chauffante.

5. Dispositif de la revendication 4, caractérisé en ce
que le capteur ou le composant de détection com-
prend une enzyme et la résistance chauffante génè-
re une chaleur efficace pour désactiver l’enzyme.

6. Dispositif de la revendication 5, caractérisé en ce
que l’enzyme comprend une glucose oxydase.

7. Dispositif de la revendication 1, caractérisé en ce
que le moyen pour rendre sélectivement le capteur
ou le composant de détection inopérant comprend
un ou plusieurs matériaux réactifs chimiques qui réa-
gissent de manière à générer de l’énergie, un gaz à
expansion, ou un autre produit de réaction pour ren-
dre le capteur ou le composant de détection inopé-
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rant.

8. Dispositif de la revendication 1, comprenant en outre
un matériau intermédiaire biodégradable disposé
dans le réservoir au-dessous du capuchon de réser-
voir et recouvrant le capteur ou le composant de dé-
tection.

9. Dispositif de la revendication 1, comprenant en outre
une couche mince d’un matériau de structure au-
dessous du capuchon de réservoir et un espace éva-
cué ou rempli de gaz dans le réservoir entre le cap-
teur ou le composant de détection inopérant et la
couche de matériau de structure.

10. Dispositif de la revendication 1, comprenant en
outre :

un matériau intermédiaire biodégradable dispo-
sé dans le réservoir au-dessous du capuchon
de réservoir et recouvrant le dispositif
secondaire ; et
un moyen pour désintégrer ou perméabiliser le
capuchon de réservoir afin d’exposer le maté-
riau intermédiaire biodégradable à un fluide à
l’extérieur du dispositif de manière à conduire le
matériau intermédiaire biodégradable à se dé-
sintégrer pour exposer le capteur ou composant
de détection au composant environnemental.

11. Dispositif de la revendication 10, caractérisé en ce
que le matériau intermédiaire biodégradable com-
prend un solide hydrosoluble, un liquide ou un gel.

12. Dispositif de la revendication 10, caractérisé en ce
que le matériau intermédiaire biodégradable com-
prend un polyéthylèneglycol, un polyoxyde d’éthylè-
ne, ou un copolymère d’acide poly(lactique-co-gly-
colique).

13. Dispositif de la revendication 10, comprenant en
outre une couche d’un matériau de structure au-des-
sous du capuchon de réservoir et disposé entre le
matériau intermédiaire biodégradable et le capu-
chon de réservoir.

14. Dispositif de la revendication 13, caractérisé en ce
que le matériau de structure comprend un matériau
diélectrique.

15. Dispositif de la revendication 1, comprenant en
outre :

un espace évacué ou rempli de gaz disposé
dans le réservoir entre le capuchon de réservoir
et le capteur ou le composant de détection.

16. Dispositif de la revendication 15, caractérisé en ce

que l’espace est rempli avec un gaz inerte.

17. Dispositif de la revendication 15, caractérisé en ce
que l’espace est rempli avec un gaz choisi dans le
groupe constitué de l’air, l’azote, l’hélium et l’argon.

18. Dispositif de l’une quelconque des revendications 1
à 17, caractérisé en ce que le capteur ou le com-
posant de détection comprend un capteur de gluco-
se, ou
comprend de la glucose oxydase.

19. Dispositif de l’une quelconque des revendications 1
à 17 caractérisé en ce que le capteur ou le com-
posant de détection comprend au moins une élec-
trode de travail, une contre-électrode, une enzyme
à condition que l’au moins une électrode de travail,
et une membrane semi-perméable recouvrant l’en-
zyme et au moins une partie de l’au moins une élec-
trode de travail.

20. Dispositif de l’une quelconque des revendications 1
à 17 ou la revendication 18 ou la revendication 19
caractérisé en ce que le substrat comprend deux
parties ou plus fixées conjointement, ou
caractérisé en ce que le substrat est monolithique.

21. Dispositif de l’une quelconque des revendications 1
à 17, caractérisé en ce que les réservoirs sont des
microréservoirs.

22. Dispositif médical comprenant :

une unité de capteur implantable qui comprend
le dispositif de l’une quelconque des revendica-
tions 1 à 17 ; et
une unité d’administration de médicament com-
prenant au moins un agent thérapeutique pour
libération,
caractérisé en ce que l’unité d’administration
de médicament est en communication avec
l’unité de capteur implantable et libère l’agent
thérapeutique en réponse à la détection par le
capteur du composant environnemental.
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摘要(译)

提供利用多个储存器来保护和选择性地暴露传感器或其他储存器内容物
的医疗设备，其具有（i）储存器内容物破坏机制以中断储存器内容物的
释放或暴露，例如，停用不需要的传感器并防止其发生。负面影响其他
传感器，（ii）在储液器盖下方的传感器上方的保护性覆盖材料层，其在
储液器盖解体期间保护传感器膜和传感器然后被移除，（iii）用于容纳
浅，宽的传感器的装置设计通过最小化分子扩散距离来增强传感器暴露
的储存器结构，（iv）可植入传感器单元和单独的药物输送单元，或
（v）其组合。
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