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An extended use self-contained, wearable medical device Is provided. The device may be configured with an infusion needle
deployment mechanism to variably insert and retract an infusion needle to different depths, or to completely retract the infusion
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(57) Abrege(suite)/Abstract(continued):

needle from the Infusion site and then re-insert the needle after a predetermined period of time, during an infusion cycle in order to
extend the viabllity of the infusion site. The device may also comprise dual needle deployment mechanisms that variably insert and
retract the infusion needles. A flow sensor may be provided to detect the stoppage of flow through the infusion cannula and signal
the needle deployment mechanism to attempt infusion at a different depth or to deploy a second infusion needle. A re-fillable
reservolr assembly may be provided to supply a drug over the extended use of the device. The device may also be partially reusable
or partially-disposabile.
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(57) Abstract: An extended use self-contained, wearable medical device 1s provided. The device may be configured with an infu-
sion needle deployment mechanism to variably msert and retract an infusion needle to different depths, or to completely retract the
infusion needle from the mfusion site and then re-insert the needle after a predetermined period of time, during an infusion cycle
in order to extend the viability of the mnfusion site. The device may also comprise dual needle deployment mechanisms that vari-
ably insert and retract the mifusion needles. A tlow sensor may be provided to detect the stoppage of tlow through the mfusion
cannula and signal the needle deployment mechanism to attempt infusion at a different depth or to deploy a second infusion nee-
dle. A re-fillable reservoir assembly may be provided to supply a drug over the extended use of the device. The device may also be

partially reusable or partially-disposable.
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EXTENDED USE MEDICAL DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates generally to wearable, self-contained drug infusion
~ devices providing lower cost of therapy and an extended period of use by prolonging viability
of the infusion site. Additionally, the extended use drug infusion device is enabled to
effectively provide continuous glucose monitoring previously unavailable to common
wearable drug infusion devices. An additional embodiment provides a programmable drug
delivery device for use in conjunction with the drug infusion devices above, for providing

even further control and precision of drug therapy.

BACKGROUND OF THE INVENTION

[0002] Diabetes 1s a group of diseases marked by high levels of blood glucose resulting from
detects 1n insulin production, insulin action, or both. There are 23.6 million people in the
United States, or 8% of the population, who have diabetes. The total prevalence of diabetes
has increased 13.5% since the 2005-2007 time period. Diabetes can lead to serious
complications and premature death, but there are well-known products available for people
with diabetes to help control the disease and lower the risk of complications.

[0003] Treatment options for people with diabetes include specialized diets, oral medications
and/or insulin therapy. The primary goal for diabetes treatment is to control the patient’s

blood glucose (sugar) level in order to increase the chances of a complication-free life. It is
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ffot always easy, however, to achieve good diabetes management, while balancing other life
demands and circumstances.

[0004] Currently, there are two principal modes of daily insulin therapy for the treatment of
type | diabetes. The first mode includes syringes and insulin pens that require a needle stick
at each injection, typically three to four times per day, but are simple to use and relatively
low 1n cost. Another widely adopted and effective method of treatment for managing
diabetes 1s the use of a conventional insulin pump. Insulin pumps can help the user keep their
blood glucose levels within target ranges based on their individual needs, by continuous
controlled infusion of insulin. By using an insulin pump, the user can match their insulin
therapy to their lifestyle, rather than matching their lifestyle to how an insulin injection, for
example, 1s working for them.

[0005] Conventional insulin pumps are capable of delivering rapid or short-acting insulin 24
hours a day through a catheter placed under the skin. Insulin doses are typically administered
at a basal rate and in a bolus dose. Basal insulin is delivered continuously over 24 hours.
with the goal of keeping one’s blood glucose levels in a consistent range between meals and
overnight. Some insulin pumps are capable of programming the basal rate of insulin to vary
according to the different times of the day and night. Bolus doses are typically administered
when the user takes a meal, and generally provide a single additional insulin injection to
balance the carbohydrates consumed. Some conventional insulin pumps enable the user to
program the volume of the bolus dose in accordance with the size or type of the meal
consumed. Conventional insulin pumps also enable a user to take in a correctional or
supplemental bolus of insulin to compensate for a low blood glucose level at the time the user
1s calculating a meal bolus.

[0006] There are many advantages of conventional insulin pumps over other methods of
diabetes treatment. Insulin pumps deliver insulin over time rather than in single Injections
and thus typically result in less variation within the blood glucose range that is recommended
by the American Diabetes Association (ADA). Conventional insulin pumps reduce the
number of needle sticks which the patient must endure, and make diabetes management
easier and more effective for the user, thus considerably enhancing the quality of the user’s
life. Insulin pumps however can be cumbersome to use and are typically more expensive
than other methods of treatment. From a lifestyle standpoint, the conventional pump, tubing,
and 1nfusion set may be inconvenient and bothersome for the user.

[0007] New advances in insulin therapy provide “wearable” drug infusion devices that are

lower 1n cost and more convenient and comfortable to use than conventional insulin pumps.
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Some of thefe devices are intended to be partially or entirely disposable, and in theory
provide many of the advantages of conventional insulin pumps without the initial high cost
and inconvenience of conventional insulin pumps.

[0008] Wearable medical devices capable of performing similar functions as conventional
insulin pumps are becoming increasingly more prevalent, but are still high in cost. While the
initial cost of each wearable medical device 1s much lower than conventional insulin pumps,
the cost for providing drug therapy over an entire year using the wearable medical devices 1s
magnified due to the short duration of use of such medical devices. Common wearable
medical devices are typically disposed of after a maximum of 3 days in operation. Some
driving factors for the duration of use for such medical devices include the viability of the
infusion site for a prolonged period and the challenges of reasonably providing an adequate
supply of insulin over such a prolonged period, as well as efficiently providing a durable
power source over the extended life of the device. Extending the use of a wearable medical
device to last from 5 -7 days would greatly reduce the datly cost of therapy, thus enabling a
larger population to afford the conveniences provided by such therapy. Theretore, the
availability of such wearable medical devices may be increased if the daily cost of such
therapy were reduced.

[0009] Accordingly, there 1s a need in the art for extending the duration of use of wearable
medical devices, thus providing more cost-effective drug therapy, so that many more diabetes
patients can benefit from the advantages these devices provide.

|0010] Additionally, most wearable medical devices available in the art are typically referred
to as etther “smart” or “simple” medical devices. “Smart” patch pumps commonly available
in the art typically receive instructions from and/or transmit patient data to an intelligent
controller or host device, which requires either wireless or tethered communication between
the pump and controller. “Smart” patch pumps are typically larger in size than “simple”
patch pumps, heavier and more expensive due to the additional components necessary for
providing communication with the host device. Additionally, typical “smart” devices require
user interaction for blood glucose monitoring, bolus calculation, and dose programming,
which add complexity and risk to the intended use of these devices. “Simple” patch pumps
commonly available, on the other hand, typically provide only a preset basal dose. For many
users, the level of complexity for a “smart” device 1s unacceptable, but their therapeutic
requirements cannot be satisfied with a “simple” patch pump. Therefore, there is a need for
providing specialized insulin therapy, not available from a “simple” patch pump, without the

added cost and complexity of a “smart” patch pump.
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SUMMARY OF THE INVENTION

[0011] Exemplary embodiments of the present invention address at least the above problems
and/or disadvantages and provide at least the advantages described below. Accordingly, it is
an object of certain embodiments of the present invention to provide a wearable medical
device that further reduces the daily cost of insulin therapy by extending the duration of use
of the medical device. Another object of certain embodiments of the present invention is to
provide a pre-programmable patch pump that provides specialized insulin therapy without the
high cost typically associated with “smart” patch pumps.

[0012] A first aspect of the present invention provides a medical device for administering
drug therapy to a user over an extended period of use. The medical device comprises a pump
mechanism for administering a drug to the user, first and second delivery cannulas for
infusing said drug transdermally into the user at first and second infusion sites, and first and
second mechanisms for separately controlling deployment of the first and second cannulas
into said user at said first and second infusion sites. The medical device further comprises a
flow sensing unit for detecting whether the first infusion site is no longer viable by sensing
whether the first delivery cannula 1s blocked or otherwise incapable of delivering a desired
flow of drug to the user wherein the first delivery cannula is retracted from the user when the
flow sensing unit detects that the infusion site is no longer viable. Additionally, the first
delivery cannula may be retracted from the user after a predetermined period of use. The
second delivery cannula 1s deployed into the user when the first delivery cannula is retracted,
wherein the first and second mechanisms for controlling deployment of the first and second
delivery cannulas are manually or automatically actuated. The medical device further
comprises a reservoir for supplying a volume of drug necessary for the extended duration of
use ot the medical device. The medical device may further comprise a first and second
reservolr for supplying the drug to the respective first and second delivery cannulas. The
medical device may also comprise a refillable reservoir for supplying the drug infused into
the user, said reservoir including a port or septum for receiving a supply of the drug, or may
even comprise a receptacle for receiving a pre-filled reservoir assembly. Additionally, the
medical device may comprise a reusable and disposable portion, wherein the pump
mechanism and the first and second mechanisms for controlling deployment of the first and
second cannulas are housed in the reusable portion of the medical device.

[0013] A second aspect of the present invention provides a medical device for administering

drug therapy to a user over an extended period of use. The medical device comprises a pump
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mechanism for administering a drug to the user, a delivery cannula for infusing said drug
transdermally into the user at an infusion site, and a mechanism for controlling deployment of
the cannula into said user, whereiﬁ said mechanism 1s configured to variably move said
cannula to a first depth and a second depth throughout the duration of use of the medical
device. The mechanism for controlling deployment of said cannula 1s configured to retract
said cannula after a predetermined period of use and further re-deploy said cannula into said
user after a predetermined period of non-use. The medical device also comprises a
disposable and reusable portion wherein the pump mechanism and mechanism for controlling
deployment of the cannula are contained 1n the reusable portion of the medical device.

[0014] A third aspect of the present invention extends the use of a medical device
comprising a first and second delivery cannula for administering drug therapy to a user by
deploying the first cannula into the user at an infusion site for administering a drug to the
user, retracting said first cannula from said user, and deploying the second cannula into said
user at a second infusion site for administering said drug to said user. The method also
determines whether the infusion site is no longer viable by detecting that the first cannula 1s
blocked or is incapable of delivering a desired flow of drug to the user and retracts said first
cannula from said user when 1t i1s determined that the infusion site 1s no longer viable. The
method may also retract said first cannula from said user after a predetermined period of use.
The steps of deploying further comprise automatically or manually deploying the respective
cannulas into the user at the respective infusion sites.

{0015] A fourth asﬁect of the present invention extends the use of a medical device
comprising a single delivery cannula for administering drug therapy to a user by deploying
the delivery cannula into the user at an infusion site to a desired depth for administering a
drug to said user, and variably moving said cannula to a second desired depth, while
administering said drug to said user. The method further determines whether a flow of the
drug to said user is inhibited and variably moves said cannula to said second desired depth
when it 1s determined that the flow of the drug i1s inhibited. The method may also variably
move said cannula to said second desired depth after a predetermined period of use.

[0016] A fifth aspect of the present invention extends the use of a medical device comprising
a single delivery cannula for administering drug therapy to a user by deploying the delivery
cannula into the user at an infusion site to a desired depth for administering a drug to said
user, determining a predetermined period of time has lapsed since deployment of said
delivery cannula, retracting said cannula from the user when it i1s determined that the

predetermined time has lapsed, and re-inserting the cannula at the infusion site, after a second
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]:fredetéﬁnine‘a! period, for re-administering the drug to said user. The method further re-
inserts the cannula to a second desired depth. -

[0017] Another aspect of the present invention provides a partially disposable and partially
reusable medical device for administering drug therapy to a user. The medical device
comprises a reusable housing and a disposable housing, each with at least one exposed
interface for engaging each other. The reusable housing contains a pump mechanism for
administering a drug to the user, a cannula deployment mechanism for deploying a delivery
cannula for infusing said drug into the user, and controller for controlling the pump
mechanism and the cannula deployment mechanism. The disposable housing contains the
delivery cannula and a reservoir for housing a drug supply for infusion into said user. The
reusable housing may further contain a sensor deployment mechanism.

[0018] Yet another aspect of the present invention provides a drug delivery device with a
programmable controller, a drug cartridge, an infusion needle, and a micro-pump provided
between the infusion needle and the drug cartridge, wherein the controller is prograrﬁmed by
a host device which calculates a bolus dose of a drug to be administered to the user through
said 1nfusion needle and programs the controller to set said dosage to be administered to the
user. The drug delivery device is preferably an insulin pen and the host device is one of a
personal diabetes manager, a blood glucose monitor, a bolus calculator and a wearable drug
intusion device of one of the exemplary embodiments of the present invention. The host
device preferably calculates the bolus dosage from at least one factor selected from the list
consisting of a test strip result, bodily function sensor signal, basal rate infusion history, and
meal information. The programmable drug delivery device preferably comprises an electrical
contact for directly communicating with the host device and may alternatively communicate
to the host device via a personal area network. The programmable delivery device is
preterably programmed when in direct communication with the host device and also
comprises a rechargeable battery that 1s recharged when in direct contact to the host device.
[0019] A hinal aspect of the present invention provides a wearable medical device for
administering drug therapy to a user compi*ising an integral housing conteiining a réservoir for
housing a supply of a drug, in fluid communication with an infusion cannula for delivering
the drug to the user, a pump mechanism device for administering delivery of the drug from
the reservoir to the user through the infusion cannula, and a preprogrammed controller to
control the pump mechanism to provide a preprogrammed drug delivery profile to the user.
The controller is preferably pre-programmed by either a manufacturer of the medical device

or a health care provider and may be pre-programmed to provide a specific drug infusion rate
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dccording to an €lectronic timer or the time of day or alternately may be pre-programmed to
provide multiple da;ily infusions ot a dosage ot drug to the user.

[0020] Objects, advantages and salient features of the invention will become apparent to
those skilled in the art from the following detailed description, which, taken 1in conjunction

with annexed drawings, discloses exemplary embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other exemplary teatures and advantages ot certain exemplary
embodiments of the present invention will become more apparent from the following
description of certain exemplary embodiments thereot when taken in conjunction with the
accompanying drawings, in which:

10022] FIG. 1A is an illustration depicting a medical device according to an exemplary
embodiment of the present invention;

[0023] FIG. 1B is an illustration of a priming mechanism for use in a medical device
according to an exemplary embodiment of the present invention;

[0024] FIG. 2 1s a block diagram depicting the principal components of the medical device
according to an embodiment of the present invention;

[0025] FIGs. 3A-3B illustrate exemplary infusion needles for use in a medical device
according to an embodiment of the present invention;

[0026] FIGs. 3C-3E illustrate exemplary operations of a needle deployment mechanism
according to exemplary embodiments ot the present invention;

[0027] FIG. 4 illustrates a medical device according to another exemplary embodiment of
the present invention; -
[0028] FIG. 5 illustrates a medical device according to another exemplary embodiment of
the present invention;

[0029] FIGs. 6A-6F illustrate needle deployment mechanisms for use in a medical device
according to an exemplary embodiment of the presém invention;

[0030] FIGs. 6G-6H illustrate an additional exemplary embodiment of the needle
deployment mechanism shown in FIGs. 6C-6F for use in any of the exemplary embodiments
ot a medical device; '

[0031] FIG. 7A illustrates a fillable/refillable reservoir in a medical device according to an

exemplary embodiment of the present invention;
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|1)032]' FIG.“:/B illustrates an insertable/replaceable reservoir assembly in a medical device
according to an exemplary embodiment ot the present invention;

[0033] FIGs. 8A-8B illustrate partially reusable/partially disposable medical devices
according to exemplary embodiments ot the present invention;

[0034] FIGs. 8C-8F illustrate placement of a needle deployment mechanism for use in a
partially reusable/partially disposable medical device according to exemplary embodiments
of the present invention;

[0035] FIG. 9 1s a block diagram depicting the principal components of a sensing unit
according to an exemplary embodiment of the present invention;

[0036] FIGs. 10A — 10B are diagrams 1llustrating the principal operation of a continuous
glucose monitoring system according to exémplary embodiments of the present invention,;
[0037] FIGs. 11A-11C illustrate exemplary embodiments of an adhesive design for affixing
a medical device to the user according to an exemplary embodiment of the present invention;
[0038] FIGs. 12A-12B illustrate an additional embodiment of a programmable drug delivery'
device used in conjunction with a medical device according to exemplary embodiments ot the
present invention.

[0039] Throughout the drawings, like reference numerals will be understood to refer to like

elements, features and structures.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

|0040] The matters exemplified in this deséription are provided to assist in a comprehensive
understanding of exemplary embodiments of the invention, and are made with reference to
the accompanying figures. Accordingly, those of ordinary skill in the art will recognize that
various changes and modifications of the exemplary embodiments described herein can be
made without departing from the scope and spirit of the claimed invention. Also,
descriptions ot well-known functions and constructions are omitted ~ for clarity and
CONCISENESS.

|0041] A general embodiment of medical device 100 is illustrated in FIGs. 1 and 2. Medical
device 100 1s preferably a wearable medical device provided for the delivery of a liquid or gel
medication, preferably but not necessarily insulin, by continuous infusion into or through the
skin of the patient. Such known medical devices are commonly referred to as “patch pumps”
due to their nature of being worn or affixed to the user’s skin. Medical device 100 generally

comprises a housing, shown in FIG. 1A as compnising an upper housing portion 102 and a
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lower l%ousin'“ag.;:~ portion 104, a rigid or flexible drug reservoir 106 or other container for
supplying a medication, an infusion needle mechanism 108 and a pump mechanism 114 for
controlling the delivery of the drug through the flow channel 112 into the user’s body through
an infusion needle provided in the infusion needle mechanism 108. Medical device 100 also
preferably comprises a microprocessor or controller 116 for directing the infusion needle
mechanism and pump mechanism as well as monitoring and/or controlling other preferred
operations and systems of the medical device 100. Medical device 100 may also comprise an
optional flow sensor 120 and optional power supply 109, such as any known power source
including, but not limited to, a standard battery, capacitor, or energy harvesting system such
as that disclosed in co-assigned and co-pending U.S. Patent Application Serial No.
12/458,807, filed July 23, 2009, which is incorporated herein by reference.

[0042] One exemplary embodiment of medical device 100 is a pre-programmed patch pump.
Pre-programmed patch pumps may comprise simple intelligence for providing a customized
basal infusion ratve that can be varied throughout the day to match sleeping and waking
insulin requirements. The pre-programmed patch pump can be programmed to deliver a drug
or drugs to the user at difterent rates for different times of day or under different conditions.
Varying drug delivery rates over time are referred to herein as a drug delivery profile. The
pre-programmed patch pump can be programmed either by the manufacturing facility or a
health care provider and preferably requires no additional user programming. A pre-
programmed patch pump may even be configured to provide multiple daily infusions and
may be designed with a mechanism to enable manual actuation of an incremental bolus dose.
One form of manual actuation would require the closure of an electrical contact, such as a
momentary switch or two momentary switches, for an extended duration, after which a
vibratory or audible signal may confirm completion of drug delivery. The pre-programmed
patch pump for use in exemplary embodiments of the present invention comprises enough
intellhigence to perform sensing of blockage of insulin flow, a low-level of insulin in the
reservolir and other tault conditions. A pre-programmed patch pump also preferably provides
alarms to the user in each of these fault conditions. Pre-programmed patch pumps perform
similar functions as a “smart” patch pump except for communication with a host device, thus
greatly reducing the cost of providing drug therapy with such a device and enhancing the ease
of use for such a device. Exemplary embodiments of medical device 100 in the present
invention are preferably directed to a pre-programmable patch pump, as discussed above.
[0043] Medical device 100, in other embodiments of the present invention, may also be

provided as a fully-programmable (“smart”), or (“simple’’) package, as would be appreciated
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by one of ord’i"nary skill in the art. A fully programmable package provides the user with the
greatest precision and flexibility in controlling the rate of administering a drug that is suitable
for the user’s lifestyle, but does require additional cost. Fully-programmable “smart” patch
pumps are generally used in conjunction with a Blood Glucose Monitor (BGM) or
Continuous Glucose Monitor (CGM) and a host device, such as a Personal Diabetes Momtor
(PDM), to provide, through closed-loop control and sensing, a personalized basal infusion
rate and bolus injections that may be activated or adjusted at any time throughout the day.
“Smart” patch pumps are preferably configured to be in communication with the host device,
such as via a personal area network as described in previously incorporated, co-pending U.S.
Application 12/458,807, or wireless network. “Smart” patch pumps may even communicate,
continuously or intermittently, with'the host device via a wired or other direct connection.
“Simple” patch pumps can be provided with minimal or no system intelligence and generally
comprise mostly mechanical systems for providing basic control of insulin infusion through
either a preset basal rate or manually activated bolus injections. Each patch pump 1s
particularly effective and desired for a certain type of user. A user’s lifestyle, medical
condition, financial situation and aptitude for operating a medical device largely determine
which package of patch pump is suitable for that user. The specific features and functionality
of exemplary embodiments of the present invention, to follow, may be implemented 1n each
of the patch. pump packages described above. ‘

[0044] Additional embodiments, features and specific functionality of patch pumps to be
used in accordance with the present invention can be found in commonly assigned U.S.
Patent No. 6,589,229 issued to Robert I Connelly, et al., co-pending and commonly assigned
U.S. Patent Application Serial No. 12/458,807, and co-pending and commonly assigned U.S.
Patent Application titled “Flexible and Conformal Patch Pump” filed on even date herewith
(attorney docket number P-8678 (55581)), which are expressly incorporated herein by
reference. One specific feature that may be provided in a medical device 100 as illustrated n
FIG. 1B, is directed to an automatic or semi-automatic priming of the medical device prior to
use. A drug flow channel 112 provided internal to medical device 100 begins at a drug
reservoir 106 and terminates at an infusion needle inserted by an infusion needle deployment
mechanism 108. In this embodiment, a hydrophobic membrane 107 in the shape of a disk 1s
placed in the flow channel 112 near the infusion needle deployment mechanism 108. The
hydrophobic membrane 107 allows any air trapped in the void volume of tlow channel 112 to
be purged from the flow channel when the pumping mechanism 114 is imtially activated.

The flow of fluid in flow channel 112 will drive the air from the flow channel 112 through
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l'tydr()p.hobic':i'l'lembr'am 1'07, which inhibits the flow of fluid from the flow channel 112 due
to the specific membrane material, as well as the size, distribution and density of the pores in
the membrane. The use of hydrophobic membrane 107 in an exemplary medical device is
particularly effective since minimal back pressure is required for infusion. The specific
distribution, density and size of the pores in an exemplary hydrophobic membrane may be
chosen based on a particular drug or fluid to be provided through the flow channel, as well as
other pertormance requirements. The cessation of fluid flow in the flow channel 112 can be
sensed and communicated to the user, allowing the user to complete a start-up procedure and
begin use of the medical device.

10045] A first exemplary embodiment of medical device 100, constructed in accordance with
the present invention 1s illustrated in FIG. 3C. As discussed above, one of the primary
challenges in extending the duration of use of common patch pumps, is maintaining the
viability of the infusion site over the extended period. The infusion site may be defined as
the site where the infusion needle enters a user’s skin. Maintaining a viable infusion site
longer than 3 days is difficult since insulin can crystallize in the infusion needle, thus
blocking the tflow of insulin to the patient. Additionally, the user’s body may react adversely
In response to a foreign object in the body. The tissue at the infusion site may become
intlamed over time causing increased resistance to infusion. Cell growth may occur on the
infusion needle and local scarring is likely if the infusion needle remains inserted into the
tissue. The tirst exemplary embodiment of the present invention preserves the viability of the
intusion site by advancing or retracting an infusion needle 122 to varying depths in the user’s
skin throughout the infusion cycle. By adjusting the depth of infusion over the infusion
cycle, the risk of inflammation and scarring at the infusion site and its associated
complications can be reduced or avoided.

|0046] The infusion needle 122 for use in the exemplary embodiments of the present
invention, is preferably flexible for enabling prolonged use and comfort for the user, yet
maintains a suitable column strength that enables the infusion needle to be inserted into the
user. One exemplary embodiment, as shown in FIG. 3A preferably comprises a stainless
steel cannula 300 with a sharpened tip and alternating slots 302, laser cut or chemically
etched, along the shaft of the cannula. The alternating slots 302 enable the cannula to flex,
yet provide a ngidity or column strength necessary for insertion into the user’s skin. The
stainless steel cannula 300 is preferably a unitary body having a sharpened tip at the distal
end. Cannula 300 is preferably sheathed or coated by a Vialon® or Teflon® sleeve 304 that

provides a biocompatible outer fluid seal for enabling a drug fluid to enter to the user through
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- the tip of the Cannula. Additional disclosure of the exemplary Vialon® material can be found
in commonly assigned U.S. Patent Nos. 5,226,899 and 5,453,099 to Min-Shiu Lee et al., and
US Patent No. 5,545,708 to Theo Onwunaka et al., each expressly incorporated herein by
reference.  Of course any suitable fluid tight material could be used to form the sheath or
coat. Another exemplary embodiment ot a flexible infusion needle 122 is shown in FIG. 3B.
The exemplary embodiment 1n FIG. 3B preterably includes a sharpened stainless steel needle
tip 306 attached to a torsion spring 308. Needle tip 306 enables penetration into the user’s
skin and s preferably welded to torsion spring 308 but may be attached using any suitable
method. Torsion spring 308 provides similar benefits as the embodiment discussed in FIG.
3A and similarly also comprises a Vialon® or Teflon® sleeve 304 for sealing the fluid within
the inner cavity of the torsion spring. Torsion spring 308 and stainless steel cannula 300 may
be provided with any suitable cross section, and may alternatively comprise a rectangular
cross-section to maximize the internal diameter, as would be appreciated by one of ordinary
skill in the art. Additionally, the tips of the infusion needles shown in FIGS. 3A and 3B, do
not need to comprise an opening for the flow of drug to the user. It may desirable to
implement an infusion needle with a closed end, having side ports located near the tip for
enabling the tflow of drug to the user.

[0047] Infusion needle 122 for use in other exemplary embodiments may alternatively
comprise a flexible cannula with a sharpened tip optionally hardened relative to the cannula
shaft for entering the user’s skin, a tlexible cannula inserted with the aid of a rigid insertion
needle or any other suitable device. The infusion needle deployment mechanism 108 shown
in F1IG. 1A may comprise a manual or automatic mechanism for inserting and retracting the
infusion needle 122 into the user’s skin. Additionally, needle deployment mechanism 108
may be either manually or automatically actuated to insert the infusion needle into the user’s
skin.  Controller 116 may automatically actuate needle deployment mechanism 108 after
initialization of the medical device or based on some other programmed or sensed condition.
Further, automatic deployment may be effected via an appropriate command received from a
BGM, PDM or a host device.

[0048] As shown in FIG. 3C, needle deployment mechanism 108 comprises a driver 118 for
actuating the insertion and retraction of infusion needle 122. An exemplary mechanism of
drniver 118 suitable for use in the present invention provides a motor electronically controlled
by controller 116 to drive the infusion needle 122 in an insertion and retraction direction by
rotating a threaded rod in either a clockwise or counterclockwise motion, wherein the

infusion needle moves axially along the threaded rod via a reciprocal threaded structure or
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sleeve. An 5'l.temat.ive embodiment implements shape memory alloys and/or piezoelectric
actuators, that contract when applied with an electric charge. Controller 116 can apply a
variable voltage to the shape memory alloy or piezoelectric actuator to realize a desired
distance of motion in either the insertion or retraction direction, to drive the infusion needle
122. Other embodiments of driver 118 suitable for use in the present invention may comprise
multiple mechanically or electronically actuated latches, and/or springs for realizing motion
of the infusion needle 1n the insertion and retraction direction, as i1s available to one of
ordinary skill in the art. Driver 118 is preferably electronically controlled by controller 116,
however, 1n certain embodiments driver 118 may be controlled by at least one of a thumb—
wheel or mechanical dial, or by actuating push buttons, slide latches or levers. The driver
118 tor use in the present invention is not limited to the above embodiments. One of ordinary
skill in the art would recognize that any known mechanism capable of inserting and retracting
a needle into a user 1ﬁay be suitable for use in an embodiment of the present invention such as
the embodiments disclosed in U.S. Patent No. 6,391,005 to Lum et al. and US Patent
Publication 2004/0010207 to J. Christopher Flaherty et al., each expressly incorporated
herein by reference.

[0049] [n an exemplary embodiment of the present invention, illustrated in FIGs. 3D and 3E,
infusion needle 122 1s manually or automatically inserted to a desired depth into the user’s
skin, for example 4 mm, using any suitable method discussed above. Medical device 100
then commences drug infusion or injection into the user. After a predetermined period of
time has lapsed, such as 1 or 2 days, controller 116 instructs driver 118 to further advance
infusion needle 122 to a second depth of Smm, for example. By providing a second infusion
depth, the infusion needle 122 can effectively infuse the drug into potentially uninflamed
tissue, thus prolonging the duration of use of the infusion site. The above operation repeats 1f
desired or necessary. Thus, after a second predetermined period of time has lapsed,
controllier 116 tfurther instructs driver 118 to advance infusion needle 122 to a third infusion
depth. In another exemplary embodiment, driver 118 initially inserts infusion needle 122 to a
depth of 5mm and after a predetermined period of time has lapsed, controller 116 instructs
driver 118 to retract infusion needle 122 to a second, shallower infusion depth. One of
ordinary skill in the art would recognize that any of the above embodiments may be
combined 1n the present invention. For instance, controller 116 may variably control the
infusion depth by instructing driver 118 to insert infusion needle 122 to a desired depth,
retract the needle after a first period and then drive the needle to the original infusion depth or

an alternative infusion depth after a second period. Drniver 118 may be configured to effect
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iny number of changes in infusion depth. Alternatively, driver 118 may be configured to
provide only a single change in depth as may be easily performed using purely mechanical
structures, perhaps for use in a simple patch pump.

[0050] In anotlmey exemplary embodiment, as can be seen in FIG. 3C, after initial insertion of
nfusion needle 122 and commencement of drug infusion, driver 118 can be controlled to
completely or near completely withdraw infusion needle 122 from the infusion site tor a
predetermined period of timé. In one embodiment, driver 118 may be actuated to withdraw
infusion needle 122 from the user for up to 8 hours while the user is asleep and then re-insert
or drive infusion needle 122 to a desired depth when the user wakes. Not only would this
embodiment increase the viability of the infusion site by reducing the risk of inflammation at
the infusion site, but it may also reduce tissue scarring of the patient.

10051] Each of figures 3C-3E illustrate driver 108 driving the infusion needle 122 1n a
direction perpendicular to the user’s skin. In other embodiments, it is preferable that the
infusion needle may be variably inserted and retracted into the user at an angle. By inserting
infusion needle 122 into the user at an angle, the infusion needle passes through a greater
amount of skin without penetrating to a greater depth. In view of the above embodiments,
this may enable an increased distance between the infusion depths, thus providing an even
increased duration of viability of the infusion site and improved comfort tor the user.

[0052] Medical device 100 for use in the above embodiments may also include a tlow sensor
120, as shown in FIG. 2, for detecting a flow rate of a drug provided by pump mechanism
114. Flow sensor 120 is capable of providing c]oéed-loop flow control for pump mechanis‘m
114 to achieve and maintain a desired flow rate. Additionally, flow sensor 120 may be able
to detect if infusion needle 122 is blocked or that the infusion site is prohibiting a desired
drug infusion rate. In an exemplary embodiment, upon detection by tlow sensor 120 that the
infusion site may be blocked, controller 116 preferably instructs driver 118 to either retract or
advance infusion needle 122 to a second infusion depth. Flow sensor 120 may then detect 1t
the desired flow rate is realized at the new infusion depth before potentially alerting the user.
This exemplary embodiment may prolong the duration of use of medical device 100 by
attempting a new infusion depth that may be capable ot providing a desired drug infusion
rate, without unnecessarily alerting the user to replace medical device 100.

[0053] Another exemplary embodiment of medical device 100 for use In the present
invention is illustrated in FIGs. 4 and 5. Medical device 100 in FIG. 4 preferably comprises a
first infusion needle deployment mechanism 108a and a second infusion needle deployment

mechanism 108b. Infusion needle deployment mechanisms 108a and 108b may be actuated
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independently and are preferably, but not necessarily, located at opposing ends of medical
device 100. Infusion needle deployment mechanisms 108a and 108b may be realized in any
of the embodiments described above with respect to infusion needle deployment mechanism
108 shown 1n FIG. 3C. Medical device 100 in this embodiment also preferably comprises at
least one tlow sensor 120a or 120b for deteéting and potentially alerting the user that drug
flow through the respective infusion needle 1s blocked. In an exemplary embodiment,
infusion needle deployment mechanism 108a is initially actuated, either manually or
automatically, to insert an infusion needle 122 into the user at a desired depth. It is not
required in this embodiment, although it may be preferred, that needle mechanisms 108a and
108b are configured to variably advance and retract infusion needle 122 into the user as
1llustrated 1in FIGs. 3C — 3E. After actuation of needle deployment mechanism 108a to insert
infusion needle 122 into the user, flow sensor 120a preferably detects whether drug flow to
the user 1s blocked. If drug flow is determined to be blocked, controller 116 may preferably
alert the user and instruct the user to manually actuate infusion needle deployment
mechanism 108b. Alternatively, controller 116 may automatically actuate needle deployment
mechanism 108b. After actuation of needle deployment mechanism 108b, controller 116
preterably instructs pump mechanism 114a to stop the flow of a drug through infusion needle
122 of needle deployment mechanism 108a and to commence drug flow to the second
infusion site provided by needle deployment mechanism 108b.

|0054] In the above émbodiment, since two needle deployment'mechanisms 108a and 108b
are utilized, it may not be necessary to utilize variable retraction/insertion of the infusion
needle 122. Any suitable, either mechanically or automatically actuated needle deployment .
mechaniém may be utihzed in this embodiment. Simple, manually actuated one-time
deployment needle mechanisms 108a and 108b such as those employing a snap disk or
torsion spring shown in FIGS 6A and 6B may be utilized in this embodiment. FIGs. 6C and
6D 1llustrate another embodiment for use in the present invention that is especially suitable
for the infusion needles 122 shown in FIGs. 3A and 3B. As shown in FIG. 6C, an infusion
needle 122 is attached to a needle carriage 602. Needle carriage 602 is held in a retracted,
ready position by a retention latch member 604, which prevents needle carriage 602 from
movement 1n the insertion direction. Infusion needle deployment may be actuated manually
or automatically to displace the retention latch member 604 from a blocking position. When
retention latch 604 is actuated, a compression spring 606 drives needle carriage 602 in an

insertion direction, as shown in FIG. 6D. After infusion needle 122 is inserted into the user,
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distal movement of needle carriage 602 is impeded by a chassis or housing containing the
needle deployment mechanism.

[0055] FIGs. 6E and 6F illustrate another deployment mechanism for an infusion needle for
use in a medical device according to an embodiment of the present invention. Rather than
being triggered as in previously described mechanisms, the needle deployment can be user
controlled. That 1s, carriage 602 1s biased 1n a retracted position by compression spring 606.
FIG. 6E shows the device in the retracted position, such that infusion needle 122 does not
protrude from the chassis. Carriage 602 includes a manual actuator 607 which 1s accessible to
the user. When the user moves manual actuator in the direction of arrow ‘A’ with enough
force to overcome the spring bias, the carriage 602, along with infusion needle 122 move in

4

the direction of arrow ‘A’. Carriage 602 also includes a finger latch 608 which mates with
retention surfaces 609 on retention latch 610. As carriage 602 moves in the direction of arrow
‘A’, interference between finger latch 608 and retention surfaces 609 cause retention latch
610 to displace in the direction of arrow ‘B’. Finger latch 608 and retention surfaces 609 are
shaped such that as the finger latch moves past each retention surface 609, carriage 602 1s
prevented from moving backwards in the retracted direction. As the carrtage moves in the
direction of arrow ‘A’ the infusion needle protrudes from the chassis and enters the user’s
skin surface. Cantilevered retention latch 610 can be flexed downward in the direction of
arrow ‘B’ to release the carmnage 602 and retract the infusion needle. As will be appreciated
by those of ordinary skill in the art, any suitable arrangement to release carriage 602 by
flexing retention latch 610 downward may be employed. Such arrangements may include
manual movement by the user via a device provided on the exterior Of the chassis, or
automatic electronic release via an appropriate command on a PDM.

[0056] FIGs. 6G and 6H 1llustrate the needle deployment mechanism of FIG. 6C discussed
above with a guide sleeve 123 for guiding the flexible infusion needle 122 into the user at a
desired insertion angle. Additionally, guide sleeve 123 provides additional integrity for the
flexible needle 122 so as to resist kinking or other undesirable deflection during deployment.
As should be appreciated trom FI1Gs. 6G and 6H, guide sleeve 123 can be configured within
the medical device to enable deployment in various orientations with respect to the motion of
needle carriage 602. As such, the use of guide sleeve 123 in the exemplary embodiments
enables deployment of infusion needle 122 into the skin while minimizing the affect of the

needle deployment mechanism on the overall profile of the medical device, by permitting the

carrtages to move parallel to the skin.
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|0057|. As slﬁuown in FIGs. 4 and 5, medical device 100 may comprise two separate pump
mechanisms, 114a and 114b to control infusion to the user at an infusion site provided by
- needle deployment mechanisms 108a and 108b, respectively. Alternatively, it should be
appreciated by one of ordinary skill in the art that a single pump mechanism 114 may be
provided to pump a drug to the user at each activated 'infusion site. Pump mechanism 114
may preferably be a piezoelectric diaphragm, or a thermal bubble micro-pump described in

previously incorporated co-pending U.S. patent application titled “Flexible and Conformal

3

Patch Pump,” as well as any other suitable and well known pump mechanism. One of
ordinary skill in the art would recognize that controller 116 may drive needle deployment
mechanism 108a to insert or retract the infusion needle 122 to.a second infusion depth, as
discussed 1n a previous embodiment, before alerting the user or automatically actuating
needle mechanism 108b. In this exemplary embodiment, infusion needle mechanism 108b
provides a redundant infusion needle to enable therapy to continue at a second infusion site if
tlow to a first infusion site becomes blocked. It may also be appreciated by one of ordinary
skill 1n the art, that needle deployment mechanism 108b may be actuated in other
circumstances as well, such as after a predetermined period of use of the first infusion site or
it the first infusion site becomes irritated or inflamed.

[0058] An additional feature to be used in any of the above embodiments provides a means
tor heparimizing infusion needle 122. Heparinization of infusion needle 122 may be
pertormed prior to initial insertion into the user’s skin or during the variable insertion and
retraction motions. Heparinization may be performed by coating infusion needle 122 with
heparin by any method available to one of ordinary skill in the art. A heparinized infusion
needle may facilitate preservation of the infusion site by preventing blood coagulation at the
infusion site which may block or otherwise complicate the infusion site. The drug Heparin is
one n a family of anti-coagulants. One of ordinary skill in the art would appreciate that
similar drugs can be substituted to achieve the same benefits without departing from the
scope and spirit of this embodiment of the present invention.

[0059] By preserving an infusion site provided by a single needle mechanism 108,
employing a second needle mechanism 108b, or a combination of each, medical device 100 is
capable of extending drug therapy for the user over other available patch pumps in the art.
The modifications and enhancements necessary for providing the extended functionality do
not significantly increase the complexity of medical device 100 and may be provided with

simple, cost effective components. While the unit cost of a single medical device 100 may

increase slightly, the extended duration of use provided by the additional components
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11’ecessz;;'ily ré:iuces the daily cost of providing drug therapy to the user through medical
device 100, and necessarly reduces waste.

[0060] Providing a medical device 100 capable ot extending drug therapy to a user, as
described 1n any of the exemplary embodiments discussed above, introduces a unique
challenge for supplying an adequate volume of a drug to the user over the extended use of the
medical device. FIGs. 1, 4 and 5 illustrate preferred embodiments for providing a reservoir
106 that houses or stores the drug supply. '
[0061] Exemplary embodiments of medical device 100 employing a single infusion needle
mechanism 108 preferably comprise a single reservoir 106 as shown in FIG. 1A. In a first
embodiment, reservoir 106 is capable of housing a volume of drug that provides an adequate
supply for the extended duration of use, such as 5-7 days. In this embodiment, reservoir 106
may be provided as a prefilled reservoir packaged in medical device 100. Reservoir 106 is
preterably integral with the patch pump and requires no additional steps to transfer or engage
the drug supply to medical device 100. Reservoir 106 may be provided as a rigid or flexible
structure and 1s preferably constructed from materials such as a TOPAS® (Thermoplastic
Oletin Polymer of Amorphous Structure) COC (cyclic olefin copolymer), COP (cyclic olefin
polymer) or CCP (crystal clear polymer), which 1s a material registered by Becton, Dickinson
and Company, and listed by the U.S. Food and Drug Administration as DMF No. 16368.
Any other well known materials suitable for housing a drug may also be used in the present
invention.

[0062] In another embodiment, as shown in FIG. 7a, reservoir 106 may comprise a fillable
and/or retfillable reservoir contained in medical device 100. In this embodiment, a user may
transter the drug into reservoir 106 through a fill port 110 or septum preferably provided on
an outer surface of medical device 100. Conventional patch pump kits typically include a
syringe for transferring a drug from a pharmaceutical vial into the reservoir. Alternatively, an
exemplary embodiment of the.present invention provides a pre-filled syringe 200 or pre-filled
syringe cartridge containing a specific amount of drug suitable for the volume of reservoir
106 or custom to a user’s needs. The pre-filled syringe and syringe cartridge may be
included as part of a patch pump kit or as part of a package of pre-filled syringes. Such
.embodiments necessarily reduce the complexity of using medical device 100 and may further
reduce the daily cost of therapy in using such device.

[0063] Another exemplary embodiment, as shown in FIG. 7b, comprises a pre-filled
reservoir assembly 700 or cartridge that i1s separable from medical device 100. In this

embodiment, the user would engage the pre-filled reservoir assembly 700 into medical device
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100, ali;d that éction. would connect the prefilled reservoir to the pump mechanism of medical
device 100. The capacity ot a fillable/refillable reservoir 106 or prefilled reservoir assembly
700 described 1n the above embodiments may be determined by the construction of medical
device 100 and 1ts required use for a particular user. Since the reservoirs in these
embodiments are refillable or replaceable, it is not required that their capacity be adequate to
supply a drug tor the entire duration of use of medical device 100. However, it is preferred
that reservoir 106 1s of sufficient capacity that it may only need to be refilled or replaced once
throughout the duration of use of medical device 100.

[0064] FI1Gs. 4 and 5 1llustrate exemplary embodiments of reservoir 106 provided in medical
device 100 comprising first and second infusion needle deployment mechanisms 108a and
108b. Reservoir 106 1n FIG. 4 can be implemented the same as the embodiments provided
above to supply a drug for both needle deployment mechanisms 108a and 108b. However,
due to the increased number of components as a result of the second infusion needle
deployment mechanism 108b, in order to conserve space, it is preferred that reservoir 106 in
FIG. 4 contain a reduced capacity and be refillable/replaceable over the duration of use of
medical device 100 as described above. The embodiment illustrated in FIG. 5 comprises two
reservoirs, 106a and 106b. In this embodiment, reservoir 106a is provided to supply a drug
strictly to needle mechanism 108a and reservoir 106b is provided for supplying a drug to
needle mechanism 108b. Reservoir 106a and 106b are preferably prefilled, but may also be
fillable/retillable or insertable/replaceable as disclosed above.

|0065] The above exemplary embodiments reduce the daily cost of infusion delivery by
extending the duration of use of wearable patch pumps that are typically entirely disposed of
atter their use. Medical device 100, in the above embodiments, includes system components
that may safely be re-used. Thus, completely disposing of the medical device causes
unnecessary waste ot usetul, relatively expensive components. The daily cost of infusion
delivery for such patch pumps may even be further reduced by providing a medical device in
the above exemplary embodiments that re-uses the relatively expensive components. Only
those components that may safely be re-used are preferably contained in a reusable portion of
the medical device, while any unsafe or single use components are preferably contained in a
disposable portion.

[0066] An exemplary embodiment of the present invention, as illustrated in FIG. 8A,
provides a partially reusable and partially disposable medical device 100 in accordance with
any of the above exemplary embodiments. In an exemplary embodiment, medical device 100

1s designed such that only the “sterile” or “spent” components are replaced after each
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d‘ul*atio;1 of u'é.ta as described in previously incorporated U.S Patent No. 6,589,229 issued to
Robert I Connelly, et al. For instance, the components which should be replaced after each
use include: the infusion needle 122, the drug reservoir 106, an adhesive for affixing medical
device 100 to the user and an optional battery or power source 109. In some embodiments,
the disposable housing may turther comprise a flow sensor 120 for detecting a rate of drug
tflow to the user or any blockage ot tlow at the infusion site in accordance with the exemplary
embodiments described above. These components are preferably encapsulated in a two-—p?ece
sealed housing with exposed nterfaces for needle deployment mechanism 108, pump
mechanism 114 and electrical contacts 111 for electronically connecting the flow sensor 120
and optional battery 109 to controller 116. Drug reservoir 106 may be implemented as
described in any of the exemplary embodiments above. If reservoir 106 is fillable/re-fillable,
a fill port 110 or septum is preferably provided on the disposable housing.

10067] In an exemplary embodiment, controller 116, pump mechanism 114, and needle
deployment mechanism 108 are preferably housed in a separate reusable structure 130 of
similar design as a disposable portion 132. The disposable portion 132 preferably latches
together with the reusable portion 130, thus automatically engaging controller 116, pump
mechanism 114 and needle deployment mechanism 108 with the optional battery 109 and
flow sensor 120, drug reservoir 106 and infusion needle 122, respectively. It should be
appreciated by one of ordinary skill in the art, that any of the above exemplary embodiments
of medical device 100 may be provided a reusable housing portion and a disposable housing
portion. To ensure that the disposable portion 132 ot medical device 100 is not used beyond
the predetermined duration, in an exemplary embodiment of the present invention, controller
116 may be enabled to alert the user that the disposable portion should be replaced. After a
specitic number of alerts, controller 116 may further be enabled to disable the disposable
portion 132. The reusable components may include a needle deployment mechanism, device
clectronics or system intelligence, a fluid metering device or pump, and any housing
components necessary for guidance, alignment, engagement, or latching and unlatching with
the disposable portion. If desired, a rechargeable power source or other energy harvesting
components may also be included within the reusable portion 130. The reusable portion may
also be configured with the necessary components to communicate with any other smart
device using a personal area network, or. other communication technology as disclosed 1n
previously incorporated U.S. Patent Application Serial No. 12/458,807. Information that may
be communicated includes any system diagnostic information, and a stored history of a user’s

infusion rate and schedule information. The specific components contained in the reusable
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and disbosabfe housing are dependent on the preterred application of medical device 100 and
are not limited to the embodiments described above. One of ordinary skill in the art Would
appreciate that any combination of components and features may be provided in each, as
desired by the user.

[0068] I[n a preterred embodiment, the reusable portion 130 is configured and constructed for
repeated use with a disposable portion 132 for a duration of two years or more. During this
time trame, the electrical interconnections 111 between the reusable and disposable portion
are susceptible to failure. Typical electrical connections are brittle and may not withstand the
type of use or period of use the medical device is intended for. One exemplary émbodiment
ot the present invention does without the electrical connections 111 and enables a reusable
portion 130 to communicate with a disposable portion 132 using the personal area network
(PAN) discussed above. The cost for providing a PAN transceiver in the disposable portion
132 1s neghgible, especially compared with the tradeoff for providing greater durability and
extended use of the medical device assembly.

[0069] The reusable portion 130 of medical device 100 represents 60% - 70% of the entire
device cost. Distributing the cost over a predetermined period, such as 360 days or more,
would basically reduce the daily cost of drug infusion therapy to the cost of the disposable
portion of the device. By further extending the duration of use of the dispdsable portion 132
of the device in accordance with the above exemplary embodiments, the daily cost is reduced
even further.

0070} F1Gs. 2 and 9 turther illustrate another exemplary embodiment of medical device 100
incorporating an optional sensing unit 124 that is enabled by the extended duration of use
provided in accordance with the above exemplary embodiments. Specific to diabetes care,
the medical industry 1s migrating toward closed loop systems for insulin infusion. An ideal
system, typically refterred to as an “artificial pancreas”, includes continuous glucose
monitoring to provide “real time” or “near real time” feedback for precise insulin infusion
control. Continuous glucose monitoring may be realized in sensing unit 124 comprising a
sensor 126 for providing data on a user’s blood glucose levels.

[0071] Fig. 2 depicts sensing unit 124 as being contained in medical device 100. While this
1s a preferred embodiment, one of ordinary skill in the art would appreciate that sensing unit
124 may be provided separate from medical device 100. Sensor 126 may be embodied as any
well known sensing or sampling technology. For instance, some well known sensing
technologies employ electrochemical, colorimetric, optical/spectroscopy or other energy

- based detection methods for determining a user’s blood glucose level. ‘In addition, there are
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ftwo categoriés of well known sampling technologies, invasive and non-invasive, that may be
implemented as well. An exemplary embodiment of the present invention preferably
employs a colorimetric sensor sensing glucose binding protein (GBP) or an electrochemical
sensor such as a glucose-oxidase (GOx) sensor described in U.S. Patent No. 7,310,544 to
Brister et al., and the analyte sensor disclosed in U.S. Patent Publication No. 2005/0245799
to Brauker et al., each assigned to DexCom Inc. and expressly incorporated herein by
reterence. The implantable GOx sensor described therein has been shown to provide a
duration of use of up to seven days. Accordingly, until now, there has been a paradox in
eftectively implementing such sensing technology in common wearable patch pumps due to
the shorter duration of use of the patch pump, as compared to the sensor. The exemplary
embodiments discussed above provide extended use medical devices 100 capable of
matching the performance of leading continuous glucose monitoring technologies.

[0072] Sensing unit 124, as shown in FIG. 9, preferably comprises a sensor 126 discussed
above, and a sensor deployment mechanism 128. Deployment mechanism 128 may be
manually or automatically actuated and may be embodied in any of the above described
systems for infusion needle deployment mechanism 108. Of course it should be understood
that automatic deployment may be effected via an appropriate command received from a
BGM, PDM or a host device. The needle deployment mechanisms 108 discussed above, as
well as the embodiments described in previously incorporated U.S. Patent Application titled
“Flexible and Conformal Patch Pump,” may be easily modified to provide for the insertion of
Sehsor 126. For instance, sensor 126 may be provided at the end of a driving needle or push
rod, similar in construction to an infusion needle for inserting sensor 126 into the user’s skin.
Additionally, sensor 126 may be positioned in the user with the aid of an insertion sleeve that
1s retracted once the sensor is placed at a desired depth in the user. Sensor deployment
mechanism 128 preferably provides a single insertion motion and a withdrawal motion for
inserting and withdrawing sensor 126. Sensor deployment mechanism 128, alternately, may
also be provided to variably insert and retract sensor 126, as similarly described in an
exemplary embodiment above with respect to infusion needle deployment mechanism 108.
Inflammation or other bodily response to a foreign object at the sensor insertion site may
inhibit sensor 126 from providing critically accurate sensing information. Thus, by adjusting
the insertion depth of sensor 126, sensing unit 124 may provide more accurate sensing
Information, resulting in greater precision of infusion rate and improved comfort for the user.
In one exemplary embodiment, sensor deployment mechanism 128 is located at an opposite

end of infusion needle mechanism 108. In another embodiment, sensor 126 is co-located
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with infusion needle 122. Thus, in this embodiment, sensor deployment mechanism and
infusion needle deployment mechanism 108 may be embodied in the same structure.

[0073] FIGs. 10A and 10B illustrate a system for providing continuous glucose monitoring
and 1nfusion rate control in an exemplary embodiment of the present invention. Controller
16 receives as mput, data from flow sensor 120 and sensor 126 and accordingly controls
pump mechanism 114 to provide a desired infusion rate. A closed-loop infusion control
system in accordance with one embodiment of the present invention is described in U.S.
Patent No. 6,558,351 to Steil et al., assigned to Medtronic MiniMed, Inc., which is 'exﬁressly
‘incorporated herein by reference. The method described therein 1s directed to a closed-loop
intusion control system in which a glucose sénsor provides an input signal to a controller,
which 1n turn utilizes a proportional/derivative (PD) component to replicate a first phase
insulin response and an integral (I) component to provide a second phase insulin response.
PID controllers are well known in the art for providing generic control loop feedback
mechanisms using three separate parameters, proportional, integral and derivative. The
proportional parameter dictates a reaction to an immediate error in the system. The integral
parame'ter determines a reaction according to a sum of recent errors in the system and the
derivative parameter Controls a response based on the change in the error rate of the system.
The PID controller then determines an appropriate response based on a weighted sum of these
parameters. While the PID controller described above may be effective in controlling an
isulin infusion rate, each of the PID parameters is not necessary in exemplary embodiments
ot the present invention.

0074] FIG. 10B illustrates a proportional-integral (PI) or a proportional-derivétiVe (PD)
controller for use in exemplary embodiments of the present invention. PI and PD controllers
are etfective in controlling insulin infusion, since the rate of change for basal infusion is
typically extremely small. PI and PD controllers would also provide adequate control for a
medical device used to treat Type II diabetes, since the infusion rate in the treatment of Type
[ diabetes does not need to instantaneously change to a significantly different level.
Exemplary embodiments of medical devic‘e 100 could provide a motorized pump mechanism
I'14, such as a linear actuator or a micro motor with integral gear reduction, which may
etfectively be controlled using a PI or PD controller since the infusion rate does not need to
instantaneously change to a significantly different level. Additionally, a stepper controlled
motor in which an internal rotor and stator are designed to allow incremental rotation of a
shaft or lead screw, and a ring counter which senses revolutions or partial revolutions of a

shaft, are both viable control options for pump mechanism 114, since the maximum error or
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overshoot could be one step or ring increment. Such high resolution linear actuators and
motbrs with integral gear reducers are well known and available in the art, such as those
provided by Haydon Switch and Instrument and MicroMo Electronics. However, such
systems sized to the application of a low-profile, discreet wearable medical device, as in
exemplary embodiments of the present invention, are typically very expensive. Therefore,
the cost for such control i1s currently prohibitive for use in .common, disposable, wearable
medical devices. A large number of users prefer or require the control and precision afforded
in such an embodiment. Thus, there 1s a need to provide continuous glucose monitoring with
the above pump mechanisms 114 in a package that is practical and affordable for the user.
[0075] As discussed above 1n relation to FIG. 8A, an exemplary embodiment of the present
invention may incorporate pump mechanism 114, described directly above, in a reusable
portion 130 of medical device 100 that 1s capable of lasting several years. The high-precision
pump mechanism 114 described above, is capable of performing repeated use suitable in a
reusable embodiment. Thus, the cost for providing a specialized pump mechanism 114, as
well as other relatively costly system components, may be distributed over the lifetime of
medical device 100. .

[0076] The exemplary embodiment of medical device 100 preferably also includes the
sensing unit 124 for continuous glucose monitoring discussed above. In this embodiment, the
reusable housing further comprises the sensor deployment mechanism 128 and the disposable
housing contains sensor 126. The electrical contacts 111 on the disposable portion, in an
exemplary embodiment would preferably connect sensor 126 to controller unit 116 for
providing continuous glucose monitoring. Alternatively, as similarly discussed above,
communication can be provided between the sensor 126 and the controller unit 116 using the
PAN communication technique, thus the electrical contacts may not be necessary. Since
sensor 126, as described above, 1s capable of lasting up to 7 days imbedded in the user, there
IS NO unnecessary waste of components or cost in providing the sensor in a reusable portion
of an extended use medical device 100 in exemplary embodiments of the present invention.
[0077] As sensor technology continues to develop, sensor 126 may be capable of providing
an even longer duration of use. As such, an exemplary embodiment of the present invention,
as shown in FIG. 8B, provides a second, additional disposable portion 134, separate from the
disposable portion 132 housing the disposable insulin infusion components, as discussed in
relation to FIG. 8A. In this embodiment, the second disposable portion may contain the
sensor 126, a sensor deployment mechanism 128 for inserting the sensor and an optional

battery 109b as shown. It is preferred that the second disposable portion is provided at an
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opposite end of the infusion needle mechanism of first disposable portion 132, so as to ensure
that the sensor is deployed into viable tissue. Second disposable portion 134 is provided for
enabling a longer duration of use for sensor 126, such that the first disposable portion 132
containing components with a lesser duration of use may be disposed of without
unnecessarily reducing the span of use of the longer lasting sensor 126. 1t is preferred that
reusable portion 130 and the second disposable portion 134 remain in contact with the user as
a first disposable portion 132 is attached to the reusable portion. As discussed above, the
second disposable portion 134 can communicate with reusable portion 130 via a direct
connection or may be provided with PAN communication components for communicating
with reusable portion 130 or other external devices.

10078] In FIG. 8B, first disposable portion 132 is shown with only a single needle
deployment mechanism, however, it may be preferred to provide a second needle deployment
mechanism at an opposite corner or end of the disposable portion, as described with respect
to FIGS. 4 and 5 for increasing the duration of use of the first disposable portion 132. It is
preferred that the second needle deployment mechanism be provided at the opposite corner or
end trom a first deployment mechanism to provide a fresh viable infusion site at a distance
from the first infusion site so as to reduce potential irritation or inflammation at the first
infusion site. Additionally, in another embodiment shown in FIGs. 8C — 8F, each disposable
portion 132a-d obtains a viable infusion site by positioning the respective needle deployment -
mechanism at a distance from previous needle deployment mechanisms. As reusable portion
130 and second disposable portion 134 remain attached to the user, first disposable portions
132a-d are repeatedly attached to the reusable portion 130 at a disposable housing
engagement site. In the first instance of attaching disposable portion 132a, shown in FIG.
8C, needle deployment mechanism 108 is provided in one of the corners of the disposable
portion 132a. In FIG. 8C, needle deployment mechanism 108 is provided at the lower left
corner. When the short term components of disposable portion 132a are spent, a new,
replacement, first disposable portion 132b is attached to reusable portion 130. In disposable
portion 132b, the needle deployment mechanism is provided at a different corner of the
disposable portion 132b. As shown in FIG. 8D, needle deployment mechanism 108 is
provided 1n the upper left corner of disposable portion 132b. The placement of each needle
deployment mechanism in the disposable portions 132a-132d realizes an infusion site
between 0.5 and 2.5 inches apart and preferably about 1.25 to 1.75 inches from each other
infusion site. The order of use of each disposable portion 132a-132d may be determined by

the user so long as the needle deployment mechanism of the disposable portion realizes a new .
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‘nfusion site. Disp(;sable portions 132a — 132d preferably include a “key” feature 135 which
requires a specific orientation of attachment of one of the disposable portions with the
reusable portion 130. As such, this key feature will inhibit the user from attaching a
disposable portion to the reusable portion at an orientation that will reuse an infusion site.

[0079] The features of the exemplary medical devices discussed above are provided for
extending the-duration of use of a wearable medical device. Common wearable medical
devices are atfixed to a user’s skin with an adhesive layer that substantially covers the entire
surface area of the portion of housing that is affixed to the user, or is typically provided as an
outline of the perimeter of the medical device. However, the common configuration of an
adhesive layer may not be suitable for an extended use medical device provided in the above
exemplary embodiments. Namely, common adhesive techniques provide very little freedom
of movement at the interface between the medical device and the pliable, stretchable skin
surface of a user. Over an extended use, the common adhesive layer may not withstand the
subtle stretching of the user’s skin at this interface or may prove to be too uncomfortable for
the user. As such, the adhesive layer 150 shown in FIG. 11A, provides a pattern for enabling
increased freedom of movement at the interface of the user’s skin and an exemplary medical
device, such as a zig-zag pattern. Such a pattern reduces a user’s awareness of the physical
sensation accompanied by the adhesive interface and extends normal use by allowing subtle
movement to occur on the surface of the skin during normal physical activity. It is preferable
that the adhesive layer comprise a continuous pattern so as to also provide a seal to protect
against water ingress. The adhesive layer is also preferably formed or formulated from a
flexible material enabling subtle stretching as indicated in FIG. 11A and 11B. It is preferred,
that the freedom of movement provided by adhesive 150 is subtle and should not cause
undesirable movement at the infusion site. Nevertheless, in one embodiment, an additional
less-tlexible adhesive ring or perimeter 152, acting as an anchor, may be provided at the
infusion site 153 for preventing any undesirable movement at this site, as shown in FIGs. 11B
and 11C. In such an embodiment, it is preferred that adhesive ring 152 has a higher adhesive
property and reduced flexibility relative to adhesive layer 150 or 154. As such, flexibility
and comfort of the adhesive layer along the perimeter of the medical device can be
maintained without compromising the infusion site 153. Additional embodiments may also
comprise an adhesive layer 150 or 154 not only with lower adhesive properties, but also with
an increased thickness, or an elastomer or foam layer sandwiched between the adhesive layer
and the medical device for providing additional freedom of movement. The pattern shown in

FIGs. 1A and 11B is not limiting. Any such zigzagged or curvy type pattern of an adhesive
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may be proviaed to énhance the extended wearability of medical device 100 according to the
exemplary embodiment. Further, as shown in FIG. 11C, an adhesive layer 154 outlining the
perimeter of the medical device may also achieve the desired flexibility discussed above by
utithzing reduced adhesive properties, increased flexibility and/or thickness of the adhesive
layer as well as implementing the elastomer or foam layer sandwiched between the adhesive
layer and the medical device. In this embodiment, it is not necessary that the adhesive layer
154 adopt a z1gzagged, curvy or otherwise non-uniform continuous pattern. .

0080} Medical device 100, in any of the exemplary embodiments described above, may
also be used in conjunction with a programmable drug delivery device 400, such as a
programmable insulin pen, as shown in FIGs. 12A-12B. In a preferred embodiment, a
wearable medical device i1s configured to provide only a preset, pre-programmable or
programmable basal rate of infusion, whereas programmable drug delivery device 400 is
provided for infusing necessary bolus dosages. While certain embodiments of the wearable
medical devices discussed above are capable of providing a bolus dose, some users may be
more comfortable with and prefer to use a familiar pen injection device such as that shown in
FIG. 12A. Additionally, for some users, drug therapy provided by an insulin pen device
alone, may be an effective treatment. Common mechanical insulin pen injection devices
typically require user interaction to accurately set a desired dosage for the injection.
Conventional mechanical pens generally include small dosage graduations that may be
difficult to see or accurately set. As such, a programmable insulin pen device 400, in
exemplary embodiments of the present invention would eliminate the potential for dosage
errors resulting from a user’s inability to properly operate the device.

|0081] In one embodiment of the present invention, when not in use, drug delivery device
400 preferably remains attached to a Personal Diabetes Manager (PDM) 500, Blood Glucose
Monitor (BGM), or other device for calculating a bolus dose. When a user instructs PDM
500 to calculate a bolus dose requirement, the PDM calculates the dose from either a basal
rate infusion history, a user’s blood glucose level determined from a standard test strip or
communicated by a bodily function sensor, or information about a meal the user will
consume, and automatically programs the dose into drug delivery device 400 without any
further calculation, setting or adjustment required by the user. PDM 500 may preferably
comprise a sensing mechanism or other system for determining a blood glucose level, which
it uses to calculate a desired bolus dose for the user. This exemplary embodiment of the
present invention reduces the number of steps necessary for infusion and reduces dosage

errors caused by.a user*s-inability to properly operate common, mechanical insulin pens. -
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i0082|’ Drflg deli'very device 400 1n an exemplary embodiment, preferably includes a
replaceable insulin cartridge 402 and may be cylindrical in form, similar to insulin pens that
are commonly available. The dose mechanization typically located in the upper portion of
common 1nsulin pens is preferably replaced by a flex circuit which is wrapped around the
inner diameter of the pen barrel. The flex circuit functions as a controller 404 for controlling
a drug metering mechanism, such as a micro-pump 406 or motor, to deliver a programmed
dosage to the user. A rechargeable battery 408 may be provided on the centerline of the
barrel inside the flexible circuit. The replaceable insulin cartridge 402 would be located in
the lower portion of the pen, and the micro-pump 406 is preferably provided between the
isulin cartridge 402 and an infusion needle 410. Micro-pump 406 may be realized by any of
the technologies discussed above and provided in the previously incorporated co-pending
application titled “Flexible and Conformal Patch Pump” (attorney docket number P-8678
(55581)). In some embodiments, micro-pump 406 may be replaced by a motor provided at
the proximal side of the insulin cartridge 402 to drive a movable stopper to directly force
fluid into the infusion needle 410. In this embodiment, a linear actuator may be placed inside
the flexible circuit in line with an insulin vial. The linear actuator applies a force to drive a
plunger or stopper provided in the vial, resulting in a bolus dose equal to the displaced
volume of the plunger movement. Very small linear actuators are available and may
advantageously be used for this purpose. One example is the Squiggle® linear actuator
manutactured by New Scale Technologies. The upper and lower portions of the pen
preferably separate in order to replace the insulin cartridge, and when reassemb-led, provide
an electrical connection to the micro-pump 406 or motor. Each time drug delivery device
400 is attached to PDM 500, the rechargeable battery 408 in the delivery device 400 may be
charged, and an infusion history or blood glucose history that is stored in the pen may
automatically be uploaded to the PDM 500.

|0083] An exemplary embodiment of the present invention may provide drug delivery device
400 with the low cost components necessary for communicating via a personal area network
as described 1n previously incorporated, co-pending U.S. Patent Application Serial No.
12/458,807. This embodiment enables continued communication between the drug delivery
device 400 and PDM 500 or a “smart” wearable medical device as disclosed in the exemplary
embodiments above. The “smart” medical device or PDM may automatically program drug
delivery device 400 each time a bolus is calculated, as long as both are in physical
communication with the user’s body. A “smart” wearable medical device containing a

biosensor, or otherwise in communication with a biosensor, may also be capable of providing
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bolus dosage requirements to the drug delivery device 400 to be automatically programmed
.by the device based on a user’s blood glucose level. Additionally, drug delivery device 400
may automatically update via the personal area network, the PDM or “smart” medical device
each time a bolus is administered to the user. The above embodiments provide a low-cost,
intelligent device capable of turther enhancing the functionality of the exemplary wearable
medical devices disclosed above, in an embodiment that is easy to use and familiar to many
users requiring insulin therapy.

[0084] While the present mvention has been shown and described with reference to
particular illustrative embodiments, 1t 1s not to be restricted by the exemplary embodiments
but only by the appended claims and their equivalents. It is to be appreciated that those

skilled in the art can change or modify the exemplary embodiments without departing from

the scope and spirit of the present invention.
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WHAT IS CLAIMED IS

1. A medical device for administering drug therapy to a user over an extended period of
use, said medical device comprising:

a pump mechanism for administering a drug to the user;

first and second delivery cannulas for infusing said drug transdermally into the user at
first and second infusion sites; and .

first and second mechanisms for separately controlling deployment of the first and

second cannulas into said user at said first and second infusion sites.

2. The medical device of claim 1, further comprising:
a flow sensing unit for detecting whether the first infusion site is no longer viable by
sensing whether the first delivery cannula is blocked or otherwise incapable of delivering a

desired tlow of drug to the user.

3. The medical device of claim 2, wherein the first delivery cannula is retracted from the

user when the flow sensing unit detects that the infusion site is no longer viable.

4. The medical device of claim 1, wherein the first delivery cannula is retracted from the

user after a predetermined period of use.

5. The medical device of claim 1, wherein the second delivery cannula is deployed into

the user when the first delivery cannula is retracted.

6. The medical device of claim 1, wherein the first and second mechanisms for

controlling deployment of the first and second delivery cannulas are manually actuated.

7. The medical device of claim 1, wherein the first and second mechanisms for

controlling the deployment of the first and second delivery cannulas are automatically

actuated.

8. The medical device of claim 1, further comprising a reservoir supplying a volume of

drug necessary for the extended duration of use of the medical device.
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9. The medical device of claim 1, further comprising a first and second reservoir for

supplying the drug to the respective first and second delivery cannulas.

10. The medical device of claim 1, further comprising a refillable reservoir supplying the
drug infused into the user, said reservoir including a port or septum for receiving a supply of

the drug.

| 1. The medical device of claim 1, further comprising a receptacle for receiving a pre-

filled reservoir assembly:.

12. The medical device of claim 1, wherein the pump mechanism and the first and
second mechanisms for controlling deployment of the first and second cannulas are housed in

a reusable portion of the medical device.

1 3. The medical device of claim 1, wherein the medical device is affixed to a user’s
skin with a flexible, zigzag shaped adhesive strip provided along the perimeter of said

medical device.

14. The medical device of claim 13, wherein the adhesive strip comprises an

clastomer or foam layer.

5. The medical device of claim 1, wherein the pump mechanism is controlled to

administer a preprogrammed drug delivery profile to the user.

16. A medical device for administering drug therapy to a user over an extended period of

use, said medical device comprising;:

a pump mechanism for administering a drug to the user:;

a delivery cannula for infusing said drug transdermally into the user at an infusion
site; and

a mechanism for controlling deployment of the cannula into said user, wherein said

mechanism is configured to variably move said cannula to a first depth and a second depth.

17. The medical device of claim 16, wherein the mechanism for controlling

deployment of said cannula is configured to retract said cannula after a predetermined period
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of use and further re-deploy said cannula into said user after a predetermined period of non-

USC.

18.  The medical device of claim 16, wherein the pump mechanism and mechanism for

controlling deployment of the cannula are cortained in a reusable portion of the medical

device.

19. A method for extending the use of a medical device comprising a first and second
delivery cannula for administering drug therapy to a user, the method comprising:

deploying the first cannula into the user at an infusion site for administering a drug to
the user;
- retracting said first cannula from said user; and

deploying the second cannula into said user at a second infusion site for administering

said drug to said user.

20. The method ot claim 19, further comprising the steps of determining whether the
infusion site 1s no longer viable by detecting that the first cannula is blocked or is incapable
of delivering a desired flow of drug to the user and retracting said first cannula from said user

when 1t 1s determined that the infusion site is no longer viable.

21. The method of claim 19, further comprising retracting said first cannula from said

user after a predetermined period of use.

22. The method of claiam 19, wherein the steps of deploying further comprise

automatically deploying the respective cannulas into the user at the respective infusion sites.

23. The method of claim 19, wherein the steps of deploying further comprise manually

deploying the respective cannulas into the user at the respective infusion sites.

24, A method for extending the use of a medical device comprising a single delivery
cannula for administering drug therapy to a user, the method comprising:

deploying the delivery cannula into the user at an infusion site to a desired depth for

administering a drug to said user;
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variably moving said cannula to a second desired depth, while administering said drug

to said user.

25. The method of claim 24, further comprising the steps of determining whether a flow of
the drug to said user 1s inhibited and variably moving said cannula to said second desired

depth when it 1s determined that the flow of the drug 1s inhibited.

20. The method of claim 24, further comprising the step of variably moving said cannula

to said second destred depth after a predetermined period of use.

27. A method for extending the use of a medical device comprising a single delivery
cannula for administering drug therapy to a user, the method comprising:

deploying the delivery cannula into the user at an infusion site to a desired depth for
administering a drug to said user;

determining a predetermined period of time has lapsed since deployment ot said

delivery cannula;

retracting sard cannula from the user when 1t 1s determined that the predetermined.

time has lapsed; and

re-inserting the cannula at the infusion site, after a second predetermined period, for

re-administering the drug to said user.

28. The method of claim 27, wherein in the step of re-inserting the cannula at the infusion

stte, the cannula 1s re-inserted to a second desired depth.

29. A partially disposable and partially reusable medical device for administering drug

therapy to a user, said medical device comprising:

a reusable housing and a disposable housing, each with at least one exposed interface
for engaging each other; wherein
the reusable housing contains:
a pump mechanism for administering a drug to the user;
a cannula deployment mechanism for deploying a delivery cannula for

infusing said drug into the user; and

a controller for controlling the pump mechanism and the cannula deployment

mechanism;
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and
the disposable housing contains:
the delivery cannula; and

a reservolr for housing a drug supply for infusion into said user.

30. The medical device of claim 29, wherein the reusable housing further contains a

sensor deployment mechanism.

31. The medical device of claim 29, wherein the medical device comprises a second

disposable housing, containing a sensor deployment mechanism.

32. The medical device of claim 31, wherein the disposable housing is attachable to and
detachable from the reusable housing while the second disposable housing is attached to the

reusable housing, and the reusable housing is affixed to the user.

33. The medical device of claim 29, wherein the disposable housing comprises a key

engageable with the reusable housing that orients a position of the delivery cannula.

34. The medical device of claim 33, wherein a position of a delivery cannula in a
replacement disposable housing is spaced apart from said position of the delivery cannula of

a spent disposable housing that is replaced.

35. The medical device of claim 34, wherein the position of the delivery cannula in the
replacement disposable housing is spaced apart from the position of the delivery cannula of

the spent disposable housing that is replaced by between 0.5 and 2.5 inches.

36. The medical device of claim 34, wherein the position of the delivery cannula in the
replacement disposable housing is spaced apart from the position of the delivery cannula of

the spent disposable housing that is replaced by between 1.25 and 1.75 inches.

37. The medical device of claim 32, wherein the disposable housing comprises a key

engageable with the second disposable housing that orients a position of the delivery cannula.
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38. The medical device of claim 37, wherein a position of a delivery cannula in a
replacement disposable housing 1s spaced apart from said position of the delivery cannula of

a spent disposable housing that is replaced.

39. The medical device of claim 38, wherein the position of the delivery cannula in the
replacement disposable housing 1s spaced apart from the position of the delivery cannula of

the spent disposable housing that is replaced by between 0.5 and 2.5 inches.

40. The medical device of claim 38, wherein the position of the delivery cannula in the
replacement disposable housing is spaced apart from the position of the delivery cannula of

the spent disposable housing that is replaced by between 1.25 and 1.75 inches.

4]. The medical device of claim 29, wherein the reusable housing and the disposable
housing are configured to communicate with each other using a personal area network that

transmits data across the user’s body:.

42. The medical device of claim 31, wherein the second disposable housing is configured
to communicate with the reusable housing via a personal area network that transmits data

across the user’s body.

43. The medical device of claim 29, wherein the pump mechanism comprises one of a

micro-motor, linear actuator, and motor with a high-reduction gear reducer.

44, The medical device of claim 43, wherein the controller for controlling the pump

mechanism is selected from the group consisting of a PI controller and a PD controller.

45, The medical device of claim 44, wherein said medical device is used for

administering drug therapy to a user with Type Il diabetes.

46. The medical device of claim 29, wherein the disposable housing comprises a
hydrophobic membrane along a flow channel adjacent the cannula deployment mechanism,
wherein said hydrophobic membrane enables the passage of air to pass through the flow

channel during an initial priming of said medical device.
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47. A programmable drug delivery device for administering drug therapy to a user, said
programmable drug delivery device comprising:

a housing comprising a programmable controller, a drug cartridge, an infusion needle,
and a mechanism for metering a calculated bolus dose of a drug to the user, wherein the
controller is programmed by a host device which calculates the bolus dose of the drug to be
administered to the user through said infusion needle and programs the controller to set said

dosage to be administered to the user.

48. The programmable drug dehivery device ot claim 47, wherein the programmable drug

delivery device comprises a programmable insulin pen.

49, The programmable drug delivery device of claim 47, wherein the host device 1s one of

a personal diabetes monitor, a blood glucose monitor, a bolus calculator, and a wearable drug

infusion device.

50. The programmable drug delivery device of claim 47, wherein the host device
calculates the bolus dose from at least one tactor selected from the list consisting of a test

strip result, bodily function sensor signal, basal rate infusion history, and meal information.

51, The programmable drug delivery device ot claim 47, wherein the housing further

comprises an electrical contact for directly communticating with the host device.

52. The programmable drug delivery device of claim 51, wherein the programmable

controller is programmed by the host device when 1n direct communication with the host

device.

53. The programmable drug delivery device of claim 51, wherein the housing further
comprises a rechargeable battery that is recharged when the programmable drug delivery

device 1s 1n contact with the host device.

54. The programmable drug delivery device of claim 47, wherein the programmable
delivery device and the host device communicate via a personal area network that transmits a

signal across the user’s body.
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53. The programmable drug delivery device of claim 47, wherein the mechanism for
metering a calculated bolus dose ot a drug to the user comprises a micro-pump provided

between the infusion needle and the drug cartridge.

50. The programmable drug delivery device of claim 47, wherein the mechanism for
metering a calculated bolus dose of a drug to the user comprises a linear actuator provided at

a proximal end ot the drug cartridge that displaces a fluid in said drug cartridge.

57. A wearable medical device for administering drug therapy.to a user, said medical
device comprising:

an integral housing containing a reservoir for housing a supply of a drug, in fluid
communication with an infusion cannula for delivering the drug to the user, a pump
mechanism device for administering delivery of the drug from the reservoir to the user
through the infusion cannula, and a preprogrammed controller to control the pump

mechanism to provide a preprogrammed drug delivery profile to the user.

38. The medical device of claim 57, wherein the controller is pre-programmed by either a

manufacturer of the medical device or a health care provider.

59. The medical device of claim 57, wherein the controller is pre-programmed to provide

a specific drug infusion rate according to an electronic timer or the time of day.

60. T'he medical device of claim 57, wherein the controller is pre-programmed to provide

multiple daily infusions of a dosage of drug to the user.

6l. A method tor administering extended drug therapy to a user using a partially reusable
and partially disposable medical device, the method comprising:

affixing a reusable housing at a location on a user’s body;

engaging a first disposable housing to the reusable housing at a disposable housing
engagement site, the tirst disposable housing having an infusion site at a first location:

providing drug therapy to the user from a reservoir provided in the first disposable
housing; |

disengaging said first disposable housing from said reusable housing;
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engaging a second disposable housing to said reusable housing at said disposable
housing engagement site, the second disposable housing having an infusion site at a second
location; and |

providing drug therapy to the user from a reservoir provided in the second diéposable

housing.

62.  The method of claim 61, wherein the second mfusion site 1s spaced apart from the

first infusion site by between 0.5 and 2.5 inches.

03. The method of claim 61, wherein the second infusion site 1s spaced apart from the

first infusion site by between 1.25 and 1.75 inches.

64. The method of claim 61, wherein the first and second disposable housings contain a

key for engaging said reusable housing to orient a position of thetr respective infusion sites.

65. The method of claim 61, further comprising eﬁgaging an extended use disposable

housing to said reusable housing at an extended use disposable housing engagement site.

66. The method of claim 65, wherein the extended use disposable housing comprises a

blood glucose sensor that 1s inserted into the skin ot a user.

67. The method of claim 65, wherein said extended use disposable housing engaging step
occurs prior to the disengaging step, and said extended use disposable housing remains

engaged to the reusable housing after the second disposable housing engagement step.
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