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METHOD AND SYSTEM FOR PROVIDING INTEGRATED MEDICATION
INFUSION AND ANALYTE MONITORING SYSTEM

FIELD OF THE INVENTION

The present invention relates to methods and systems for integrating infusion

systems and analyte monitoring systems. More specifically, the present invention relates
to methods and systems for integrating insulin infusion devices with continuous analyte

monitoring systems.

BACKGROUND OF THE INVENTION

Type 1 diabetics must periodically be administered with insulin to sustain their
physiological conditions. Typically, these patients administcr doses of either fast acting
or slow acting insulin using needle type syringes, for example, prior to meals, and/or at a
suitable time during the course of each day coniemporaneously with the blood glucose
level testing using fingerstick testing, for example. If insulin is not suitably administered,
the diabetic patients risk serious if not fatal damage to the body.

Continued development and improvement in the external infusion pump therapy
in recent years have drawn much appeal to the diabetic patients for, among others,
improved management of diabetes by better regulating and controlling the intake of
insulin. Typically, the patient inserts a cannula which is connected to as infusion tubing
attached to an external pump, and insulin is administered based on a preprogrammed
basal profiles. Moreover, the external infusion devices presently available include
computational capability to determined suitable bolus doses such as carbohydrate bolus
and correction bolus, for example, to be administered in conjunction with the infusion
device executing the patient’s basal profile.

The basal profiles are generally determined by the patients’ physician or caretaker
and are based on a number of factors including the patient’s insulin sensitivity and
physiological condition which are diagnosed by the patient’s physician, for example, and
are typically intended to as accurately estimate the patient’s glucose levels over a
predetermined time period during which the patient is infusing insulin. The glucose
levels may be estimated based on the patient’s periodic discrete testing using a test strip

and a blood glucose meter such as Freestyle® Glucose Meter available from Abbott
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Diabetes Care, Inc., of Alameda, California. Such estimations are, however, prone to

error, and do not accurately mirror the patient’s actual physiological condition.

e A e s A L S N A AN

In view of the foregoing, it would be desirable to have an integrated system
combining the functionalities of an infusion device such as insulin infusion pumps, and
analyte monitoring systems such as continuous glucose monitoring systems.

These and other objects, features and advantages of the present invention will
become more fully apparent from the following detailed description of the embodiments,

the appended claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates an integrated infusion device and analyte monitoring system in

accordance with one embodiment of the present invention;

FIG. 2 illustrates an integrated infusion device and analyte monitoring system in
accordance with another embodiment of the present invention;

FIG. 3 illustrates an integrated infusion device and analyte mopitoring system in
accordance with yet another embodiment of the‘ present invention;

FIG. 4 illustrates an integrated infusion device and analyte monitoring system in
accordance with still another embodiment of the present invention;

FIG. 5 illustrates an integrated infusion device and analyte monitoring system in
accordance with still a further embodiment of the present invention;

FIG. 6 tllustrates an integrated infusion device and monitoring system in
accordance with yet still a further embodiment embodiment of the present invention;

FIG. 7A illustrates the integrated infusion device and monitoring system shown in
FIGS. 6 in further detail in one embodiment of the present invention, while FIGS. 7A-7B
illustrate the analog front end circuitry located at the patient interface and the pump
assembly, respectively, of the integrated infusion device and monitoring system shown in
FIG. 7A 1n accordance with one embodiment of the present invention;

FIGS. 8A-8C illustrate a passive sensor configuration for use in a continuous

analyte monitoring system, and two embodiments of an active sensor configuration for
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use at the patient interface in the integrated infusion device and monitoring system,
respectively, in accordance with one embodiment of the present invention;

FIG. 9 illustrates an infégrated infusion device and analyte monitoring system
with the infusion device and the monitoring system transmitter integrated into a single
patch worn by the patient in accordance with one embodiment of the present invention;

FIG. 10 is a detailed view of the infusion device cannula integrated with analyte
monitoring system sensor electrodes in accordance with one embodiment of the present
invention;

FIG. 11A illustrates a component perspective view of the infusion device cannula
integrated with analyte monitoring system sensor electrodes in accordance with another
embodiment of the present invention, while FIG. 11B illustrates a top planar view of the
analyte monitoring system transmitter unit integrated with infusion device in accordance
with one embodiment of the pregent invention;

FIG. 12A-12C each illustrate a cross sectional view of the infusion device cannula
integrated with continuous analyte monitoring system sensor electrodes of FIG. 10 in
accordance with the various embodiments respectively, of the present invention; and

FIG. 13 is a timing chart for illustrating the temporal spacing of blood glucose
measurement and insulin delivery by the integrated infusion device and monitoring

system in one embodiment.
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DETADLED DESCRIPTION

FIG. 1 illustrates an intfagmted nfusion device and analyte monitoring system in
accordance with one err;bodiment of the present invention. Referring to FIG. 1, the
integrated infusion device and analyte monitoring system 100 in one embodiment of the
present invention includes an infusion device 110 connected to an infusion tubing 130 for
liquid transport or infusion, and which is further coupled to a cannula 170. As can be
seen from FIG. 1, the cannula 170 is configured to be mountably coupled to a transmitter
unit 150, where the transmitter unit 150 is also mountably coupled to an analyte sensor
160. Also provided is an analyte monitor unit 120 which is configured to wirelessly
communicate with the transmitter unit over a communication path 140.

Referring to FIG. 1, in one embodiment of the present invention, the transmitter
unit 150 is configured for unidirectional wireless communication over the communication
path 140 to the analyte monitor unit 120. In one embodiment, the analyte monitor unit
120 may be configured to include a transceiver unit (not shown) for bidirectional
communication over the communication path 140. The transmitter unit 150 in one
embodiment may be configured to periodically and/or intermittently transmit signals
associated with analyte levels detected by the analyte sensor 160 to the analyte monitor
unit 120. The analyte monitor unit 120 may be configured 1o receive the signals from the
transmitter unit 150 and in one embodiment, is configured to perform data storage and
processing based on one or more preprogrammed or predetermined processes.

For example, in one embodiment, the analyte monitor unit 120 is configured to
store the received signals associated with analyte levels in a data storage unit (not
shown). Alternatively, or in addition, the analyte monitor unit 120 may be configured to
process the signals associated with the analyte levels to generate trend indication by, for
example, visual display of a line chart or an angular icon based display for output display
on its display unit 121. Additional information may be output displayed on the display
unit 121 of the analyte monitor unit 120 including, but not limited to, the substantially
contemporaneous and real time analyte level of the patient received from the transmitter
unit 150 as detected by the sensor 160. The real time analyte level may be displayed in a

numeric format or in any other suitable format which provides the patient with the
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accurate measurement of the substantially real time analyte level detected by the sensor
160.

Additional ana]);tes tha‘t may be monitored or determined by the sensor 160
include, for example, acetyl choline, amylase, bilirubin, cholesterol, chorionie
gonadotropin, creatine kinase (e.g., CK-MB), creatine, DNA, fructosamine, glucose,
glutamine, growth hormones, hormones, ketones, lactate, peroxide, prostate-specific
antigen, prothrombin, RNA, thyroid stimulating hormone, and troponin. The
concentration of drugs, such as, for example, antibiotics (e.g., gentamicin, vancomycin,
and the like), digitoxin, digoxin, drugs of abuse, theophylline, and warfarin, may also be
determined.

Referring back to FIG. 1, the sensor 160 may include a short term (for example, 3
day, 5 day or 7 day use) analyte sensor which is replaced after its intended useful life.
Moreover, in one embodiment, the sensor 160 is configured to be positioned
subcutaneous to the skin of the patient such that at least a portion of the analyte sensor is
maintained in fluid contact with the patient’s analyte such as, for example, interstitial
fluid or blood. In addition, the cannula 170 which is configured to similarly be
positioned under the patient’s skin is connected to the infusion tubing 130 of the infusion
device 110 so as to deliver medication such as insulin to the patient. Moreover, in one
embodiment, the cannula 170 is configured to be replaced with the replacement of the
sensor 160.

In one aspect of the present invention, the cannula 170 and the sensor 160 may be
configured to be subcutaneously positioned under the skin of the patient using an

-insertion mechanism (not shown) such as an insertion gun which may include, for
example, a spring biased or loaded insertion mechanism to substantially accurately
position the cannula 170 and the sensor 160 under the patient’s skin. In this manner, the
cannula 170 and the sensor 160 maybe subcutaneously positioned with substantially little
or no perceived pain by the patient. Alternatively, the cannula 170 and/or the sensor 160
may be configured to be manually inserted by the patient through the patient’s skin.
After positioning the cannula 170 and the sensor 160, they maybe substantially firmly

retained in position by an adhesive layer 180 which is configured to adhere to the skin of
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the patient for the duration of the time period during which the sensor 160 and the
canmula 170 are subcutaneously positioned.

Moreover, in 011;3 embn’dimcnt, the transmitter unit 150 may be mounted after the
subcutaneous positioning of the sensor 160 and the cannula 150 so as to be in electrical
contact with the sensor electrodes. Similarly, the infusion tubing 130 may be configured
to operatively couple to the housing of the transmitter unit 150 so as to be in accurately
positioned for alignment with the cannula 170 and to provide a substantially water tight
seal. Additional detailed description of the analyte monitoring system including the
sensor 160, transmitter unit 150 and the analyte monitor unit 120 is provided in U.S.
Patent No. 6,175,752, assigned to the assignee of the present invention, Abbott Diabetes
Care, Inc.

Referring back to FIG. 1, the infusion device 110 may include capabilities to
program basal profiles, calculation of bolus doses including, but not limited to correction
bolus, carbohydrate bolus, extended bolus, and dual bolus, which maybe performed by
the patient using the infusion device 110, and maybe based on one or more factors
including the patient’s insulin sensitivity, insulin on board, intended carbohydrate intake
(for example, for the carbohydrate bolus calculation prior to a meal), the patient’s
measured or detected glucose level, and the patient’s glucose trend information. Ina
further embodiment, the bolus calculation capabilities may also be provided in the
analyte monitor unit 120, .

In one embodiment, the analyte monitor unit 120 is configured with a
substantially compact housing that can be easily carried by the patient. In addition, the
infusion device 110 similarly may be configured as a substantially compact device which
can be easily and conveniently worn on the patient’s clothing (for example, housed in a
holster or a carrying device worn or clipped to the patient’s belt or other parts of the
clothing). Referring yet again to FIG. 1, the analyte monitor unit 120 and/or the infusion
device 110 may include a user interface such as information input mechanism by the
patient as well as data output including, for example, the display unit 121 on the analyte
monitor unit 120, or similarly a display unit 111 on the infusion device 110.

Ore or more audio output devices such as, for example, speakers or buzzers may

be integrated with the housing of the infusion device 110 and/or the analyte monitor unit
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120 so as to output audible alerts or alarms based on the occurrence of one or more
predetermined conditions associated with the infusion device 110 or the analyte monitor
unit 120. For example, 'the inf{xsion device 110 may be configured to output an audible
alarm or alert to the patient upon detection of an occlusion in the infusion tubing 130 or
the occurrence of a timed event such as a reminder to prime the infusion tubing upon
replacement of the cannula 170, and the like. The analyte monitor unit 120 may be
similarly be configured to output an audible alarm or alert when a predetermined
condition or a pre-programmed event occurs, such as, for example, a reminder to replace
the sensor 160 after its useful life (of 3 days, 5 days or 7 days), or one or more alerts
associated with the data received from the transmitter unit 150 corresponding to the
patient’s monitored analyte levels. Such alerts or alarms may include a warning alert to
the patient that the detected analyte level is beyond a predetermined threshold level, or
the trend of the detected analyte levels within a given time period is indicative of a
significant condition such as potential hyperglycemia or hypoglycemia, which require
attention or corrective action. It is to be noted that the examples of audible alarms and/or
alerts are described above for illustrative purposes only, that within the scope of the
present invention, other events or conditions may be programmed into the infusion device
110 or the analyte monitor unit 120 or both, 5o as to alert or notify the patient of the
occurrence or the potential occurrence of such events or conditions.

In addition, within the scope of the present invention, audible alarms may be
output alone, or in combination with one or more of a visual alert such as an output
display on the display unit 111, 121 of the infusion device 110 or the analyte monitor unit
120, respectively, or vibratory alert which would provide a tactile indication to the patient
of the associated alarm and/or alert.

Moreover, referring yet again to FIG. 1, while one analyte monitor unit 120 and
one transmitter unit 150 are shown, within the scope of the present invention, additional
analyte monitor units or transmitter units may be provided such that, for example, the
transmitter unit 150 may be configured to transmit to multiple analyte monitor units
substantially simultaneously. Alternatively, multiple transmitter units coupled to
multiple sensors concurrently in fluid contact with the patient’s analyte may be

configured to transmit to the analyte monitor unit 120, or to multiple analyte monitor
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units. For example, an additional transmitter unit coupled to an additional sensor may be
provided in the mtegrated mfuswn device and analyte monitoring system 100 which does
not include the cannula 170, and which may be used to perform functions associated with
the sensor 160 such as sensor calibration, sensor data verification, and the like.

In one embodiment, the transmitter unit 150 is configured to transmit the sampled
data signals received from the sensor 160 without acknowledgement from the analyte
monitor unit 120 that the transmitted sampled data signals have been received. For
example, the transmitter unit 150 may be configured to transmit the encoded sampled
data signals at a fixed rate (e.g., at one minute intervals) after the completion of the initial
power on procedure. Likewise, the analyte monitor unit 120 may be configured to detect
such transmitted encoded sampled data signals at predetermined time intervals.
Alternatively, the transmitter unit 150 and the analyte monitor unit 120 may be
configured for bi-directional communication over the communication path 140.

Additionally, in one aspect, the analyte monitor unit 120 may include two
sections. The first section of the analyte monitor unit 120 may include an analog
interface section that is configured to communicate with the transmitter unit 150 via the
communication path 140. In one embodiment, the analog interface section may include
an RF receiver and an antenna for receiving and amplifying the data signals from the
transmitter unit 150, which are thereafier, demodulated with a local oscillator and filtered

- through a band-pass filter. The second section of the analyte monitor unit 120 may
include a data processing section which is configured to process the data signals received
from the transmitter unit 150 such as by performing data decoding, error detection and
correction, data clock generation, and data bit recovery, for example.

In operation, upon completing the power-on procedure, the analyte monitor unit
120 is configured to detect the presence of the transmitter unit 150 within its range based
on, for example, the strength of the detected data signals received from the transmitter
unit 150 or a predetermined transmitter identification information. Upon successful
synchronization with the transmitter unit 150, the analyte monitor unit 120 is configured
to begin receiving from the transmitter unit 150 data signals corresponding to the

patient’s detected analyte, for example glucose, levels.

M
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Referring again to FIG. 1, the analyte monitor ynit 120 or the infusion device 110,
or both may be configured to further communicate with a data processing terminal (not
shown) which may include 2 d'csktop computer terminal, a data communication enabled
kiosk, a laptop computer, a handheld computing device such as a personal digital
assistant (PDAs), or a data communication enabled mobile telephone, and the like, each
of which may be configured for data communication via a wired or a wireless connection.
The data processing terminal for example may include physician’s terminal and/or a
bedside terminal in a hospital environment, for example.

The communication path 140 for data communication between the transmitter unit
150 and the analyte monitor unit 120 of FIG. 1 may include an RF communication link,
Bluetooth communication link, infrared communication link, or any other type of suitable
wireless communication connection between two or more electronic devices. The data
communication link may also include a wired cable connection such as, for example, but
not limited fo an RS232 connection, USB connection, or serial cable connection.

Referring yet again to FIG. 1, in a further aspect of the present invention, the
analyte monitor unit 120 or the infusion device 110 (or both) may also include a test strip
port configured to receive a blood glucose test strip for discrete sampling of the patient’s
blood for glucose level determination. An example of the functionality of blood glucose
test strip meter unit may be found in Freestyle™ Blood Glucose Meter available from the
assignee of the present invention, Abbott Diabetes Care, Inc.

In the manner described above, in one embodiment of the present invention, the
cannula 170 for infusing insulin or other suitable medication is integrated with the
adhesive patch 180 for the sensor 160 and the transmitter unit 150 of the analyte
monitoring system. Accordingly, only one on-skin patch can be worn by the patient (for
example, on the skin of the abdomen) rather than two separate patches for the infusion
device cannula 170, and the analyte monitoring system sensor 160 (with the transmitter
unit 150). Thus, the Type-1 diabetic patient may conveniently implement infusion
therapy in conjunction with real time glucose monitoring while minimizing potential skin
irritation on the adhesive patch 180 site on the patient’s skin, and thus provide more

insertion sites with less irritation.
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In addition, the integrated infusion device and analyte monitoring system 100 as
shown in FIG. 1 maybe configured such that the infusion tubing 130 may be
disconnected from the i;lfu sion device 110 as well as from the housing of the transmitter
150 (or the adhesive patch 180) such that, optionally, the patient may configure the
system as continuous analyte monitoring system while disabling the infusion device 110
functionality.

Moreover, in accordance with one embodiment of the present invention, the
patient may better manage the physiological conditions associated with diabetes by
having substantially continuous real time glucose data, trend information based on the
substantially continuous real time glucose data, and accordingly, modify or adjust the
infusion levels delivered by the infusion device 110 from the pre-programmed basal
profiles that the infusion device 110 is configured to implement.

FIG. 2 illustrates an integrated infusion device and analyte monitoring system in
accordance with another embodiment of the present invention. Referring to FIG. 2, the
integrated infusion device and analyte monitoring system 200 in one embodiment of the
present invention includes an integrated infusion device and analyte monitor unit 210
which is coupled to an infusion tubing 220 connected to the cannula 260. Also shown in
FIG. 2 is a transmitter unit 240 which is in electrical contact with an analyte sensor 250,
where the cannula 260 and the analyte sensor 250 are subcutaneously positioned under
the skin of the patient, and retained in position by an adhesive layer or patch 270.

Referring to FIG. 2, the integrated infusion device and analyte monitor unit 210 is
configured to wirelessly communicate with the transmitter unit 240 over a
communication path 230 such as an RF communication link. Compared with the
embodiment shown in FIG. 1, it can be seen that in the embodiment shown in FIG. 2, the
infusion device and the analyte monitor are integrated into a single housing 210. In this
manner, the transmitter unit 240 may be configured to transmit signals corresponding to
the detected analyte levels received from the analyte sensor 250 to the integrated infusion
device and analyte monttor unit 210 for data analysis and processing.

Accordingly, the patient may conveniently receive real time glucose levels from
the transmitter unit 240 and accordingly, determine whether to modify the existing basal

profile(s) in accordance with which insulin is delivered to the patient. In this manner, the

~10-
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functionalities of the analyte monitor unit may be integrated within the compact housing
of the infision device to provi(.le additional convenience to the patient by, for example,
by providing the real time ghucose data as well as other relevant information such as
glucose trend data to the user interface of the infusion device, so that the patient may
readily and easily determine any suitable modification to the infusion rate of the insulin
pump.

In one embodiment, the configurations of each component shown in FIG. 2
including the cannula 260, the analyte sensor 250, the transmitter unit 240, the adhesive
layer 270, the communication path 230, as well as the infusion tubing 220 and the
functionalities of the infusion device and the analyte monitor are substantially similar to
the corresponding respective component as described abave in conjunction with FIG. 1.

Accordingly, in one embodiment of the present invention, the additional
convenience may be provided to the patient in maintaining and enhancing diabetes
management by, for example, having a single integrated device such as the integrated
infusion device and analyte monitor unit 210 which would allow the patient to easily
manipulate and manage insulin therapy using a single user interface system of the
integrated infusion device and analyte monitor unit 210, Indeed, by providing many of
the information associated with the glucose levels and insulin infusion information in one
device, the patient may be provided with the additional convenience in managing
diabetes and improving insulin therapy.

FIG. 3 illustrates an integrated infusion device and analyte monitoring system in
accordance with yet another embodiment of the present invention. Referring to FIG. 3,
the integrated infusion device and analyte monitoring system 300 in one embodiment of
the present invention includes an infusion device 310 connected to an infusion tubing 340
coupled to a cannula 370. The cannula 380 is configured to be positioned subcutaneously
under the patient’s skin and substantially retained in position by and adhesive layer 380,
Also retained in position, as discussed above and similar to the embodiments described in
conjunction with FIGS. 1-2, is an analyte sensor 360 also positioned subcutanecusly
under the patient’s skin and maintained in fluid contact with the patient’s analyte. A
transmitter unit 350 is provided so as to be electrically coupled to the analyte sensor 360

electrodes. Also, as can be seen from FIG. 3, in one embodiment, the infusion tubing 340
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is connected to the housing of the transmitter unit 350 so as to connect to the cannula 370
disposed under the pati(?nt’s skjn.

Referring to FIG. 3, also provided is an analyte monitor unit 320 configured to
wirelessly communicate with the transmitter unit 350 to receive data therefrom associated
with the analyte levels of the patient detected by the analyte sensor 360. Referring to
FIG. 3, in one embodiment, the infusion device 310 does not include a user interface such
as a display unit and/or an input unit such as buttons or a jog dial. Instead, the user
interface and control mechanism is provided on the analyte monitoring unit 320 such that
the analyte monitoring unit 320 is configured to wirelessly control the operation of the
infusion device 310 and further, to suitably program the infusion device 310 to execute
pre-programmed basal profile(s), and to otherwise control the functionality of the
infusion device 310.

More specifically, all of the programming and control mechanism for the infusion
device 310 is provided in the analyte monitoring unit 320 such that when the patient is
wearing the infusion device 310, it may be worn discreetly under clothing near the
mfusion site on the patient’s skin (such as abdomen), while still providing convenient
access to the patient for controlling the infusion device 310 through the analyte
monitoring unit 320.

In addition, in one embodiment, the configurations of each component shown in
FIG. 3 including the cannula 330, the analyte sensor 360, the transmitter unit 350, the
adhesive layer 380, the communication path 320, as well as the infusion tubing 340 and
the functionalities of the infusion device and the analyte monitoring unit 320 are
substantially similar to the corresponding respective component as described above in
conjunction with FIG. 1. However, the infusion device 310 in the embodiment shown in
FIG. 3 is configured with a transceiver or an equivalent communication mechanism to
communicate with the analyte monitoring unit 320.

In this manner, in one embodiment of the present invention, configuration of the
infusion device 310 without a user interface provides a smaller and lighter housing and
configuration for the infusion device 310 which would enhance the comfort in wearing
and/or carrying the infusion device 310 with the patient. Moreover, since the control and

programming functions of the infusion device 310 is provided on the analyte monitoring
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unit 320, the patient may conveniently program and/or control the functions and
operations of the 1nﬁ.1510n devme 310 without being tethered to the infusion tubing 340
attached to the cannula 370 whwh is positioned under the patient’s skin, In addition,
since the programming and control of the infusion device 310 is remotely performed on
the analyte monitoring unit 320, the infusion tubing 304 may be shorter and thus less
cumbersome.

FIG. 4 illustrates an integrated infusion device and analyte monitoring system in
accordance with still another embodiment of the present invention. Referring to FIG. 4,
the integrated infusion device and analyte monitoring system 400 in one embodiment of
the present invention includes an infusion device 410 configured to wirelessly
communicate with an analyte monitoring unit 420 over a communication path 430 such
as an RF (radio frequency) link. In addition, as can be farther seen from FIG. 4, the
infusion device 410 is connected to an infusion tubing 440 which has provided therein
integral wires connected to the analyte sensor electrodes. As discussed in further detail
below, the measured analyte levels of the patient is received by the infusion device 410
via the infusion tubing 440 and transmitted to the analyte monitoring unit 420 for further
processing and analysis.

More specifically, referring to FIG. 4, the integrated infusion device and analyte
monitoring system 400 includes a patch 450 provided with a cannula 470 and an analyte
sensor 460. The cannula 470 is configured to deliver or infuse medication such as insulin
from the infusion device 410 to the patient. That is, in one embodiment, the cannula 470
and the analyte sensor 460 are configured to be positioned subcutaneous to the patient’s
skin. The analyte sensor 460 is configured to be positioned to be in fluid contact with the
patient’s analyte.

In this manner, the analyte sensor 460 is electrically coupled to integral wires
provided within the infusion tubing 440 so as to provide signals corresponding o the
measured or detected analyte levels of the patient to the infusion device 410. Inone
embodiment, the infusion device 410 is configured to perform data analysis and storage,
such that the infusion device 410 may be configured to display the real time measured
glucose levels to the patient on it display unit 411. In addition to or alternatively, the

infusion device 410 is configured to wirelessly transmit the received signals from the
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analyte sensor 460 to the analyte monitoring unit 420 for data analysis, display, and/or
storage and the analyte plonitolring unit 420 may be configured to remotely control the
functions and features of the infusion device 410 providing additional user convenience
and discreteness.

Referring back to FIG. 4, in one embodiment, the patch 450 may be configured to
be substantially small without a transmitter unit mounted thereon, and provided with a
relatively small surface area to be attached to the patient’s skin. Tn this manner, the
patient may be provided with added comfort in having a substantially compact housing
mounted on the skin (attached with an adhesive layer, for example), to infuse medication
such as insulin, and for continuous analyte monitoring with the analyte sensor 460.

FIG. 5 illustrates an integrated infusion device and analyte monitoring system in
accordance with still a further embodiment of the present invention. As compared with
the embodiment shown in FIG. 4, the integrated infusion device and analyte monitoring
system 500 of FIG. 5 includes an integrated infusion device and analyte monitoring unit
510. Accordingly, one user interface is provided to the user including the display unit
511 and input buttons 512 provided on the housing of the integrated infusion device and
analyte monitoring unit 510. Also shown in FIG. 5 are infusion tubing 520 with integral
wires disposed therein and connected to an analyte sensor 540 electrodes in fluid contact
with the patient’s analyte. Moreover, as can be seen from FIG. 5, an adhesive patch 530
is provided to retain the subcutaneous position of a cannula 550 and the analyte sensor
540 in the desired positions under the patient’s skin.

Optionally, the integrated infusion device and analyte monitoring unit 510 may be
provided with wireless or wired communication capability so to communicate with a
remote terminal such as a physician’s computer terminal over a wireless communication
path such as RF communication link, or over a cable connection such as a USB
connection, for example. Referring back to FIG. 5, in one embodiment of the present
invention, the diabetic patient using an infusion therapy is provided with less components
to handle or manipulate further simplifying insulin therapy and glucose level monitoring
and management.

FIG. 6 illustrates an integrated infusion device and monitoring system in

accordance with yet still a further embodiment embodiment of the present invention.
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Referring to FIG. 6, the integrated infusion device and analyte monitoring system 600 is
provided with an infusion device without a user interface, and configured to wirelessly

" communicate with an al'lalyte ﬁlonitoring unit 620 over a communication path 630 such
as an RF link. The infusion device 610 which may be provided in a compact housing
since it does not incorporate the components associated with a user interface, is
connected to an infusion tubing 640 having disposed therein integral wires
correspondingly connected to the electrodes of analyte sensor 660 in fluid contact with
the patient’s analyte. In addition, the compact adhesive patch 650 in one embodiment is
configured to retain cannula 670 and the analyte sensor 660 in the desired position under
the skin of the patient.

Similar to the embodiment shown in FIG. 3, the analyte monitoring unit 620 is
configured to control and program the infusion device 610 over the communication link
630. In this manner, the control and programming functions of the infusion device 610
may be remotely performed by the analyte monitoring unit 620, providing convenience to
the patient.

FIG. 7A illustrates the integrated infusion device and monitoring system shown in
FI1GS. 6 in further detail in one embodiment of the present invention, while FIGS. 7A-7B
illustrate the analog front end circuitry located at the patient interface and the pump
assembly, respectively, of the integrated infusion device and monitoring system shown in
FIG. 7A in accordance with one embodiment of the present invention. Referring to FIG.
7A, an infusion device 710 connected o an infiision tubing 720 with integral wires
provided therein for connection to the electrodes of the analyte sensor is shown. The
infusion tubing 720 is further connected to an adhesive patch 730 which is configured to
retain cannula 750 and analyte sensor 740 in the desired subcutaneous position under the
skin of the patient.

Referring to FIG. 7A, in one embodiment of the present invention, the infusion
device 710 may be provided with a first analog front end circuitry unit 711, while the
adhesive patch may be provided with a second analog front end circuitry unit 731. The
integral wires from the analyte sensor 740 is configured to extend from the infusion
device 710 to the adhesive layer 730 via the infusion tubing 720. Since the analyte

sensor 740 in one embodiment is a passive component, the signals on the working
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electrode and the reference electrodes of the analyte sensors are subject to noise given ihe
high impendence of the electrodes and the length of the integral wires (in excess of a few
centimeters). The noise: in tun’l may potentially adversely affect the signals on the
working and reference electrodes which may distort the measured analyte levels detected
by the analyte sensor 740.

Given the length of the integral wire which corresponds to the length of the
infusion tubing 720, 11 one embodiment, the signals from the working and reference
electrodes may be converted to low impedance signals to minimize adverse impact from
the noise. Accordingly, the infusion device 710 may be provided with a first analog front
end circuitry unit 711, while the adhesive patch 730 may be provided with a second
analog front end circuitry unit 731 as discussed in further detail below in conjunction
with FIGS. 7B and 7C.

Referring now to FIG. 7B, the second analog front end circuitry unit 731 disposed
on the adhesive patch 730 on the patient’s skin, in one embodiment includes an a trans-
impedance amplifter (current to voltage converter or “I-to-V”") 731A configured to
convert the working electrode (W) current to a voltage (Vw), and to provide a guard
signal (G), and a servo segment 73 1B to drive the counter electrode (C) voltage (Vc)
based on the reference electrode (R) voltage. Also shown in FIG. 7B is a Low-~Pass Filter
(LPF) and gain stage 711A that follow each of the I-to-V and servo stages, and which is
configured in one embodiment to drive an A/D (Analog-to-Digital) converter unit 711C
whose results are read by a controller such as a central processing unit (CPU) 711D. The
A/D converter unit 711C and the CPU 711D and other peripherals are maybe combined
into a single integrated circuit (IC) known as a microcontroller (¢C) such as the MSP430
product line.

Referring now to FIG. 7C, in one embodiment, the second analog front end
circuitry unit 731 may be implemented by a pair of operational amplifiers (731A and
731B), four resistors (R1, R2, R3, Rf), and a bypass capacitor (Cb). The I-to-F stage
using operational amplifier 731A is generated by the action of the input current from the
working electrode (W) flowing through the feedback resistor (Rf) and creating a voltage
differential that is driven by the operational amplifier 731A as the low impedance signal

Vw. The offset for the Vw signal is established by the resistor divider comprised of R1,
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R2 and R3 which also creates the voltage of the guard signal (G) — a signal that is at the
same potential or voltage as the working electrode (W).

The servo, usiné operat'ional amplifier 731B, in one embodiment, drives the
counter electrode (C) voltage to the sensor so that the reference electrode (R) is at the
second value set by the resistor divider comprised of resistors R1, R2 and R3. This
maintains the working electrode (W) voltage above the reference electrode (R) by a set
amount known as the “Poise Voltage” (i.e 40mV). The bypass capacitor (Cb) may be a
small, low equivalent series resistance (ESR) capacitor, such as a 0.1uF (100nF) multi-
layer ceramic (MLC) capacitor, that acts to provide local energy and reduce noise on the
circuit. The voltage source for this circuit may be provided by the potential difference
between V+ and V- where, for example, V+ may be 5V and V- may be ground (GND) or
V+ may be +3V and V- may be -3V.

In one embodiment, the operational amplifiers 731A, 731B may be acquired as a
dual operational amplifier integrated circuit (IC) in a single, small 8-pin, surface mount
technology (SMT) package such as the OPA2349 in a SOT23-8 package (3mm by 3mm).
Similar dual operational amplifier products maybe available in even smaller ball-grid
array (BGA) packages and as bare die that may be mounted directly to the circuit
substrate, such as a printed circuit board (PCB) or flex circuit, using techniques such as
“flip-chip” and wire-bond.

FIGS. 8A-8C illustrate a passive sensor configuration for use in a contirmous
analyte monitoring system, and two embodiments of an active sensor configuration for
use at the patient interface in the integrated infusion device and monitoring system,
respectively, in accordance with one embodiment of the present invention. Referring to
FIG. 84, analyte sensor 810 includes working electrode 811, a guard trace 812, a
reference electrode 813, and a counter electrode 814. In one embodiment, the “tail”
segment 815 of the analyte sensor 810 is configured to be positioned subcutaneously
under the patient’s skin so as to be in fluid contact with the patient.

Referring now to FIG. 8B, analyte sensor 820 is provided with the analog front
end portion 821 where the four contacts shown are V+, V-, Vw, and V¢ signals in
accordance with one embodiment in place of the working elecirode 811, a guard trace

812, a reference electrode 813, and a counter electrode 814, respectively. In this manner,
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in one embodiment of the present invention, these signals of the active analyte sensor 820
are low impedance and thus less subject to noise than the passive sensor signals.
Moreover, in one exnboc‘iiment; the analyte sensor 820 configuration may include a flex
circuit.

Referring now to FIG. 8C, in a further embodiment, an active sensor of similar
construction to the active sensor 820 of FIG. 11B but with much smaller dimensions is
shown. More specifically, analyte sensor 830 is provided with four contacts configured
for direct wire bonding rather than a mechanical contact system as indicated by the large
contact areas on the previous two sensor configurations shown in FIGS. 8A-8B. Since
the shape of the analyte sensor 830 is reduced, the sensor 830 may be wrapped around the
cannula (for example, cannula 470 of FIG. 4) and thus only a single entry site may be
required for the patient analyte monitoring and insulin infusion. Moreover, within the
scope of the present invention, additional sensor/cannula configurations may be provided
where the sensor circuitry and cannula are created as a single assembly such as a cannula
with the circuit 831 fabricated on the surface.

FIG. 9 illustrates an integrated infusion device and analyte monitoring system
with the infusion device and the monitoring system transmitter integrated into a single
patch worn by the patient in accordance with one embodiment of the present invention,
Referring to FIG. 9, the integrated infusion device and analyte monitoring system 900
includes an integrated patch pump and transmitter unit 910 provided on an adhesive layer
960, and which is configured to be placed on the skin of the patient, so as to securely
position cannula 950 and analyte sensor 940 subcutaneously under the skin of the patient.
The housing of the integrated infusion pump and transmitter unit 910 is configured in one
embodiment to include the infusion mechanism to deliver medication such as insulin to
the patient via the cannula 950, ‘

In addition, the integrated patch pump and transmitter unit 910 is configured
transmit signals associated with the detected analyte levels measured by the analyte
sensor 940, over a wireless communication path 930 such as an RF link. The signals are
transmitted from the on body integrated patch pump and transmitter unit 910 to a
controller unit 920 which is configured to control the operation of the integrated patch

pump and transmitter unit 910, as well as to receive the transmitted signals from the
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integrated patch pump and transmitter unit 910 which correspond to the detected analyte
levels of the patient.

Referring back t‘o FIG. ‘9, in one embodiment, the infusion mechanism of the
integrated patch pump and transmitter unit 910 may includes the infusion device of the
type described in US Patent No. 6,916,159 assigned to the assignee of the present
invention Abbott Diabetes Care, Inc. In addition, while a wireless communication over
the communication path 930 is shown in FIG. 9, the wireless communication path 930
may be replaced by a set of wires to provide a wired connection to the controller unit 920.

In this manner, in one embodiment of the present invention, the integrated
infusion device and analyte monitoring system 900 does not use an infusion tubing which
may provide additional comfort and convenience to the patient by providing additional
freedom from having to wear a cumbersome tubing.

FIG. 10 is a detailed view of the infusion device cannula integrated with analyte
monitoring system sensor electrodes in accordance with one embodiment of the present
invention. Referring to FIG. 10, there is shown in infusion device cannula with analyte
sensor electrodes 1020 disposed therein, and mounted to an adhesive patch 1010 so as to
retain its position securely in the patient. More specifically, as can be seen from FIG. 10,
the cannula with analyte sensor electrodes 1020 include sensor elecirodes 1021, 1022,
1023 (which may correspond to working, reference and counter electrodes, respectively)
each of which are provided within the cannula tip 1020, and further, positioned so as to
maintain flmd contact with the patient’s analyte.

FIG. 12A-12C each illustrate a cross sectional view of the infusion device cannula
integrated with continuous analyte monitoring system sensor electrodes of FIG. 10 in
accordance with the various embodiments respectively, of the present invention.
Referring to FIG. 124, in one embodiment, the wire and tubing are provided in parallel
such that the tubing wall 1020, the tube bore for insulin flow 1024, the wire outer casing
1020 and the individual insulated wires 1021, 1022, 1023 are substantially provided as
shown in FIG. 12A. More specifically, it can be seen from the Figure that each of the
three insulated wires are provided with an insulation layer 1020 of tubing wall
individually surrounding each insulated wires 1021, 1022, 1023, and further, where the

three insulated wires 1021, 1022, 1023 are in turn surrounded by the tubing wail 1020.
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Referring now to F1G. 12B in one embodiment of the present invention, the
insulated wires 1021, 1022, 1023 respectively connected to the sensor electrodes are co-
extruded into tubing waj I 1020; with the tube bore 1024 for insulin delivery and the
insulated wires 1021, 1022, 1023 configured substantially as shown in the FIG 12B,.
Referring now to FIG. 12C, in still a further embodiment of the present invention, each of
the insulated wires 1021, 1022, 1023 are wrapped around the tubing 1020 and covered
with a sheath 1210, thus providing the tubing wall 1020, the tubing bore 1024 for insulin
delivery, the individual insulated wires 1021, 1022, 1023, and the outer protective sheath
1210, which may also serve as an electromagnetic shield to eliminate electronic noise as
substantially shown in the Figure.

Referring again to the Figures, the embodiments shown in FIGS. 12A and 12C
may have larger cross-sectional area (thus a larger hole needed to be punctured on the
skin of the patient), but are likely easier to manufacture, more reliable and easier to make
connection to the analyte sensor electronics). Additionally, within the scope of the
present invention, an optical data transmission (i.e. fiber optics) along insulin delivery
tubing between sensor and pump may be provided instead of integral wires as discussed
above.

FIG. 11A illustrates a component perspective view of the infusion device cannula
integrated with analyte monitoring system sensor ¢lectrodes in accordance with another
embodiment of the present invention, while FIG. 11B illustrates a top planar view of the
analyte monitoring system iransmitter unit integrated with infusion device in accordance
with one embodiment of the present invention, Referring to FIGS. 11A-11B, in one
embodiment of the present invention, integrated analyte sensor and infusion device
cannula 1100 comprises five laminated layers including a top insulation layer 1101, a
conductive layer 1102 with electrode traces disposed thereon, followed by three layer
substrate with integrated infusion cannula 1103,

In one embodiment, the three layer substrate with integrated infusion cannula
1103 includes a separation/insulation layer 1103 A to insulate the sensor electrodes from
the infusion cannula, a channel layer 1103B configured to guide the flow of the insulin or
any other suitable medication, and an inlet/outlet layer 1103C. Also shown in FIG. 11A

is an assembled view of the integrated analyte sensor and infusion device cannula 1100.
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Referring now to FIG. 11B, it can be seen that a patch pump as shown in one
embodiment is provideq with a transmitter unit 1110 and an insulin pump 1130 coupled
to insulin reservoir 1120, and operatively coupled or mounted to the transmitter unit
1110, Also shown in FIG. 11B is the analyte sensor contacts 1140 which are configured
to establish electrical contact with the respective electrodes of the integrated infusion
cannula and analyte sensor 1100. Also shown in FIG. 11B is insulin port 1150 which is
connected to the channel layer 1103B of the integrated infusion device cannula and
analyte sensor 1100.

In this manner, in one embodiment of the present invention, the patch pump may
be wom by the patient on skin and which includes the insulin infusion mechanism as well
as the analyte sensor and transmitter unit. |

FIG. 13 is a timing chart for illustrating the temporal spacing of blood glucose
measurement and insulin delivery by the integrated infusion device and monitoring
system in one embodiment. More specifically, insulin pumps typically deliver insulin in
a periodic manner with the period of delivery in the range of 2 to 3 minutes and the
duration of delivery at each period being on the order of a few seconds or less. The
amount of insulin that is delivered each period may be varied depending on the overall
insulin delivery rate that is desired. The analyte data is collected continuously (as, for
example, a continuous current of glucose oxidation) but is typically reported to the user
periodically. The analyte reporting period is typically 1 to 10 minutes and glucose
oxidation current needs to be collected for 10 to 30 seconds in order to generate a
reportable glucose value (to allow for filtering etc.).

Indeed, the integration of analyte monitoring and insulio delivery may necessitate
placement of a analyte sensor in close proximity to an insulin infusion cannula on the
body. Such close proxirity engenders the possibility of insulin delivery interfering with
the analyte measurements. For example, if insulin infusion should result in a localized
decrease in the glucose concentration in the area of the body near the infusion site, then
glucose measurement in this area would not be representative of the glucose
conceniration in the body as a whole. Accordingly, in one embodiment of the present

invention, there is provided a method for temporal spacing of blood glucose
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measurements and insulin delivery to mitigate the possible interference between insulin
infusion and glucose measurements.

In accordance wlith one' embodiment, the temporal spacing of analyte
measurement and insulin delivery may include providing as large a temporal gap from
after insulin delivery and before taking a analyte measurement. Since both analyte
measurement and insulin delivery are performed periodically, a maximum spacing in
time may be achieved if analyte measurement substantially immediately precedes insulin
delivery. During the time between insulin delivery and the subsequent glucose
measurement, infused insulin has time to diffuse and be transported away from the
infusion site due to normal circulation of interstitial fluid. An example timeline of
temporally spaced analyte measurement and insulin delivery is shown in FIG. 13. If
multiple analyte measurements are taken between insulin delivery points, there should
always be a reading just prior to insulin delivery and as well just after insulin delivery to
minimize the affect of injected insulin on the glucose measurement readings.

Although readings are typically taken periodically for simplicity in processing, a
reading may be taken out of time with other readings and scaled appropriately for the
overall reading average. Similarly, the insulin delivery point may be delayed slightly
until after the reading with little or no affect as the readings typically occur much more
frequently than the infusions, which are intended to act over longer periods of time. In
addition, other timing considerations may be considered depending on the environment in
which the integrated infusion device and analyte monitoring system is used by the
patient, within the scope of the present invention to minimize potential error on measured
analyte levels and/or introduce noise or potential adverse effects to the infusion rates of
the infusion device.

More specifically, fluctuation in the power supplies of the infusion device and/or
the analyte monitoring system including, for example, batteries or related power
distribution circuitry may introduce electrical noise effects which may adversely affect
the measured readings associated with the analyte monitoring system. For example,
when the analyte monitoring system is configured to be in an active state so as to be
transmitting or receiving data, or when the pump cycle of the infusion device is active,

the power supply may be affected by the load from the data transmission/reception, or the
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pumping cycle. The adverse effect of the power supply in addition to noise from other
components of the electronic circuitry may introduce undesirable noise and adversely
affect the accuracy of t};e analg/te SENSOr measurements.

Accordingly, the transmitter unit 150 (FIG. 1) for example, may be configured to
monitor the timing or occurrence of the measured analyte level received from the analyte
sensor 160 and the data transmission timing of the transmitter unit 150 such that the two
events do not substantially overlap or occur at the substantially the same time.
Alternatively, the analyte monitor unit 120 (FIG. 1) may be configured to compare the
timing of the analyte sensor 160 measurement and the timing of the data transmission
from the transmitter unit 150, and to discard data analyte related data received from the
transmitter unit 150 which coincide with the timing of the analyte measurements by the
analyte sensor 160.

Moreover in one embodiment, air bubble detection in the insulin tubing may be
provided, by monitoring fluid motion that would also detect the absence of fluid such as
that due to an air bubble in the line. In one embodiment, the flow sensor may be
configured to generate zero current when an air bubble was present.

In addition, colorization of insulin may be provided for air bubble detection in the
tubing. Since pharmaceutical insulin is a clear colorless liquid, it is difficult to visually
discriminate between insulin and air in tubing that carries insulin from the insulin pump
to the cannula. By providing a color tint to the insulin it would be much easier to visually
identify air bubbles in the tubing and be able to remove them before they cause problems.
An msulin tint in one embodiment is biocompatible and insulin compatible.

Accordingly, a system including an infusion device and an analyte monitoring
unit in one embodiment of the present invention includes an infusion device, an on-body
unit including a data transmission section, the on-body unit further coupled to the
infusion device, the on-body unit configured to receive one or more signals
corresponding to a respective one or more analyte levels, and further, the on-body unit
configured to infuse a fluid received from the infusion device, and a receiver unit
operatively coupled to the on-body unit, the receiver unit configured to receive data from

the on-body unit, wherein the received data is associated with the analyte level.

3.
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The system may further include an analyte sensor at least a first portion of which
is in fluid contact with an analyte of a patient, and further, where at a second portion of
the analyte sensor is in su,nal commumcatlon with the data transmission section.

The data transmission section may in one embodiment be configured to transmit
the one or more signals corresponding to a respective one or more analyte levels
substantially periodically at one or more predetermined time intervals, where the one or
more predetermined time intervals may include one or more of 30 seconds, one minute,
or 90 seconds.

In one aspect, the on-body unit may include a cannula at least a portion of which
is subcutaneously positioned under a skin layer, and further, may also include an infusion
tubing connected to the infusion device to deliver the fluid to the on-body unit. The
infusion tubing and the on-body unit in a further aspect may be connected in a
substantially water tight seal,

In yet another embodiment, the infusion tubing may be configured to operatively
couple to the cannula to deliver the fluid.

The on-body unit may be configured to wirelessly transmit the one or more
signals corresponding to the respective one or more analyte levels to the receiver unit,
where the on-body unit and the receiver maybe configured to wirelessly communicate
over one or more of an RF communication link, a Bluetooth communication link, or an
infrared communication link.

In addition, the infusion device in a further embodiment may be configured to
control the delivery rate of the fluid based on the one or more signals corresponding to
the respective one or more analyte levels received by the receiver unit, and further, where
the infusion device may be configured to determine a modified delivery protocol for
delivering fluid such as insulin based on information associated with the one or more
signals corresponding to the respective one or more analyte levels.

In yet another aspect, the modified delivery protocol may include one or more of
a correction bolus, a modified basal profile, a carbohydrate bolus, an extended bolus, or
combinations thereof,

The receiver unit in one embodiment may be configured to wirelessly

communicate with the infision device.
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In a further embodiment, the receiver unit maybe integrated into a housing of the
infusion device.

A method of int;agratin:g analyte monitoring and fluid infusion in another
embodiment of the present invention includes infusing a fluid at a predetermined delivery
rate, detecting one or more analyte levels, transmitting one or more signals assoctated
with the respective detected one or more analyte levels, and determining a modified
delivery rate based on the transmitted one or more signals.

In one aspect, the one or more signals maybe transmitted substantially
immediately after the associated respective one or more analyte levels are detected.

Moreover, the transmitting step in one embodiment may include wirelessly
transmitting the one or more signals which wirelessly transmitted over one or more of an
RF communication link, a Bluetooth communication link, an infrared communication
link, or combinations thereof.

The method in a further aspect may also include the steps of receiving the
transmitted one or moze signals, and displaying the received one or more signals,

Moreover, the method may also include the step of displaying the modified
delivery rate. In addition, the method may also include the step of implementing the
modified delivery rate, where the predetermined delivery rate may include one or more
basal delivery rates.

The modified delivery rate in a further embodiment may include one or more of a
correction bolus, a modified basal profile, a carbobydrate bolus, an extended bolus, or
combinations thereof.

An apparatus including an analyte sensor and a fluid delivery channel in yet
another embodiment of the present invention includes a fluid delivéry unit having an
inner wall and an outer wall, and a plurality of electrodes disposed between the inner wall
and the outer wall of the fluid delivery unit, where a portion of the of the fluid delivery
unit and a portion of the plurality of electrodes are subcutaneously positioned under a
skin layer,

In one aspect, the plurality of electrodes may comprise an analyte sensor,
including, for example, one or more of a working electrode, a counter electrode, a

reference electrode, or combinations thereof.
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The fluid delivery unit may include a channel for delivering a fluid such as
insulin, the channel substantially formed by the inner wall.

An apparatus inéludiné an analyte sensor and a fluid delivery channel in
accordance with still another embodiment of the present invention includes a first tubing
having a first tubing channel, and a second tubing having a second tubing channel
including a plurality of electrodes disposed within the second tubing channel, where at
least a portion of the first tubing and at least a portion of the second tubing are
subcutaneousty positioned under a skin layer.

In onc embodiment, the plurality of the electrodes may be substantially and
entirely insulated from each other.

In another embodiment, the first tubing and the second tubing may be integrally
formed such that an outer surface of the first tubing is substantially in contact with an
outer surface of the second tubing,.

A system including an infusion device and an analyte monitoring unit in
accordance with still another embodiment of the present invention includes an infitsion
and monitoring device, an on-body unit including a data transmission section, the on-
body unit further coupled to the infuision and monitoring device, the on-body unit
configured to receive one or more signals corresponding to a respective one or more
analyte levels, and further, the on-body unit configured to infuse a fluid received from the
infusion and monitoring device, and a connector coupled at a first end to the infusion
device, and further, coupled at a second end to the on-body unit, the connector configured
to channel the fluid from the infusion device to the on-body unit, and further, configured
to provide the one or more signals corresponding to the respective one or more analyte
ievels to the infusion and monitoring device.

In one aspect, the infusion and monitoring device may be configured to execute
fluid delivery to a patient, and further, to detect analyte levels of the patient over a
predetermined time period.

In a further aspect, the infusion and monitoring device may include a continuous
glucose monitoring system.

In still another aspect, the infusion and monitoring device may include an insulin

pump.
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A method of fluid delivery and analyte monitoring in accordance with still
another embodiment of the present invention includes determining a delivery profile for
fluid infusion, wherein ’;he deli‘very profile including a plurality of predetermined discrete
fluid infusion each temporally separated by a predetermined time period, and sampling an
analyte level substantially immediately prior to each predetermined discrete fluid
infusion.

The method may further include the step of sampling an analyte level
substantially immediately after each predetermined discrete fluid infusion.

Various other modifications and alternations in the structure and method of
operation of this invention will be apparent to those skilled in the art without departing
from the scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the

invention as claimed should not be unduly limited to such specific embodiments.
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WHAT IS CLAIMED IS:
1. A system including an infusion device and an analyte monitoring unit,
comprising:

an infusion device;

an on-body unit including a data transmission section, the on-body unit further
coupled to the infusion device, the on-body unit configured to receive one or more
signals corresponding to a respective one or more analyte levels, and further, the on-body
unit configured to infuse a fluid received from the infusion device; and

a receiver unit operatively coupled to the on-body unit, the receiver unit
configured to receive data from the on-body unit, wherein the received data is associated

with the analyte level.

2. The system of claim1 further including an analyte sensor at least a first portion of
which is in fluid contact with an analyte of a patient, and further, wherein at a second
portion of the analyte sensor ig in signal communication with the data transmission

section.
3. The system of claim 1 wherein the data transmission section is configured to
transmit the one or more signals corresponding to a respective one or more analyte levels

substantially periodically at one or more predetermined time intervals,

4, The system of claim 3 wherein the one or more predetermined time intervals

includes one or more of 30 seconds, one minute, or 90 seconds.

5. The system of claim 1 wherein the on-body unit includes a cannula at least a

portion of which is subcutaneously positioned under a skin layer.

6. The system of claim 5 further including an infusion tubing connected fo the

infusion device to deliver the fluid to the on-body unit.
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7. The system of claim 6 wherein the infusion tubing and the on-body unit are

connected in a substantiafly water tight seal,

8. The system of claim 6 wherein the infusion tubing is configured to operatively

couple to the cannula to deliver the fluid.

9. The system of claim 1 wherein the on-body unit is configured to wirelessly
transmit the one or more signals corresponding to the respective one or more analyte

levels to the receiver unit.

10.  The system of claim 9 wherein the on-body unit and the receiver are configured
to wirelessly communicate over one ot more of an RF communication link, a Bluetooth

communication link, or an infrared communication link.

11. The system of claim 1 wherein the infusion device is configured to control the
delivery rate of the tluid based on the one or more signals corresponding to the respective

one or more analyte levels received by the receiver unit,

12. The system of claim 11 wherein the infusion device is configured to determine a
modified delivery protocol for delivering fluid based on information associated with the
one or more signals corresponding to the respective one or more analyte levels.

13, The system of claim 12 wherein the fluid is insulin.

14, The system of claim 13 wherein the modified delivery protocol includes one or
more of a correction bolus, a modified basal profile, a carbohydrate bolus, an extended

bolus, or combinations thereof.

15, The system of claim 1 wherein the receiver unit is configured to wirelessly

communicate with the infision device.
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16, The system of claim 1 wherein the receiver unit is integrated into a housing of the

infusion device.

17. A method of integrating analyte monitoring and fluid infusion, comprising;
infusing a fluid at a predetermined delivery rate;
detecting one or more analyte levels;
transmitting one or more signals associated with the respective detected one or
more analyte levels: and
determining a modified delivery rate based on the transmitted one or more

signals.
18. The method of claim 17 wherein the flnid is insulin.

19, The method of claim 17 wherein the one or more signals are transmitted
substantially immediately after the associated respective one or more analyte levels are

detected.

20.  The method of claim 17 wherein the transmitting step includes wirelessly

transmitting the one or more signals.

21.  The method of claim 20 wherein the one or more signals are wirelessly
trangmitted over one or more of an RF communication link, a Bluetooth communication

link, an infrared communication link, or combinations thereof’
22, The method of claim 17 further including the steps of:
receiving the transmitted one or more signals; and

displaying the received one or more signals.

23.  The method of claim 17 further including the step of displaying the modified

delivery rate.
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24.  The method of claim 17 further including the step of implementing the modified
delivery rate.

25.  The method of claim 17 wherein the predetermined delivery rate includes one or

more basal delivery rates.

26.  The method of claim 17 wherein the modified delivery rate includes one or more
of'a correction bolus, a modified basal profile, a carbohydrate bolus, an extended bolus,

or combinations thereof

27.  An apparatus including an analyte sensor and a fluid delivery channel,
comprising:
a fluid delivery unit having an inner wall and an outer wall; and
a plurality of electrodes disposed between the inner wall and the outer wall of the
fluid delivery unit;
wherein a portion of the of the fluid delivery unit and a portion of the

plurality of electrodes are subcutaneously positioned under a skin layer.

28.  The apparatus of claim 27 wherein the plurality of electrodes comprise an analyte

SENSOr.
29.  The apparatus of claim 27 wherein the plurality of electrodes include one or more
of a working electrode, a counter electrode, a reference electrode, or combinations

thereof

30.  The apparatus of claim 27 wherein the fluid delivery unit is including a channel

for delivering a fluid, the channel substantially formed by the inner wall.

31. The apparatus of claim 30 wherein the fluid is insulin.
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32.  The apparatus of claim 27 wherein at least a portion of the plurality of electrades

is in fluid contact with an analyte.

33.  Anapparatus including an analyte sensor and a fluid delivery channel,
comprising:
a first tubing having a first tubing channel; and
a second tubing having a second tubing channel including a plurality of
electrodes disposed within the second tubing channel;
wherein at least a portion of the first tubing and at least a portion of the

second tubing are subcutaneously positioned under a skin layer.

34.  The apparatus of claim 33 wherein each of the plurality of the electrodes are

substantially and entirely insulated from each other.

35.  The apparatus of claim 33 wherein the first tubing and the second tubing are
integrally formed such that an outer surface of the first tubing is substantially in contact

with an outer surface of the second tubing.

36.  The apparatus of claim 33 wherein the plurality of electrodes comprise an analyte

sensor.

37. A system including an infusion device and an analyte monitoring unit,
comprising:

an infusion and monitoring device;

an on-body unit including a data transmission section, the on-body unit further
coupled to the infusion and monitoring device, the on-body unit configured to receive one
or more signals corresponding to a respective one or more analyte levels, and further, the
on-body unit configured to infuse a fluid received from the infusion and monitoring
device; and

a connector coupled at a first end to the infusion device, and further, coupled at a

second end to the on-body unit, the connector configured to channel the fluid from the
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infusion device to the on-body unit, and further, configured to provide the one or more
signals corresponding to the respective one or more analyte levels to the infusion and

monitoring device.

38.  The system of claim 37 wherein the infusion and monitoring device is configured
to execute fluid delivery to a patient, and further, to detect analyte levels of the patient

over a predetermined time period.

39.  The system of claim 37 wherein the infusion and monitoring device includes a

continuous ghicose monitoring system.

40.  The system of claim 37 wherein the infusion and monitoring device includes an

insulin pump,

41. A method of fluid delivery and analyte monitoring, comprising;

determining a delivery profile for fluid infusion, wherein the delivery profile
including a plurality of predetermined discrete fluid infusion each temporally separated
by a predetermined time period; and

sampling an analyte level substantially immediately prior to each predetermined

discrete fluid infusion.

42.  The method of claim 41 further including the step of sampling an analyte level

substantially immediately after each predetermined discrete fluid infusion.
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METODO Y SISTEMA PARA PROPORCIONAR INFUSION DE MEDICACION

Y SISTEMA DE VERIFICACION DE ANALITO INTEGRADOS

CAMPO DE LA INVENCION

La presente invencidén se relaciona con métodos y
sistemas para integrar sistemas de infusién y sistemas de
verificacién de analito. De manera mads especifica, la
presente invencién se relaciona con métodos y sistemas
para integrar dispositivos de infusidén de insulina con

sistemas de verificacidén continua de analito.

ANTECEDENTES DE LA INVENCION

e~ LOg  diabéticos Tipo 1 deben ser administrados
periédicamente con insulina para sostener sus condiciones

fisiolégicas. Tipicamente, esos pacientes se administran

dosis de insulina de accidén rapida o accién lenta usando

jeringas del tipo de aguja, por ejemplo, antes de los

alimentos, vy/o un momento adecuado durante el curso de

cada dia contempordneamente con la  prueba. de nivel.  de.

glucosa en sangre usando la prueba de pinchadura del
dﬁgg, por ejemplo. Si la insulina no es administrada de
manera adecuada los pacientes diabéticos estén en serio
r?gsgo gino eg que de dafio fatal al cuerpo..

El desarrollo v mejora continua en la terapia de

bombeo de infusidén externa en alios recientes ha mejorado
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mucho la apariencia de los pacientes diabéticos para,

entre otras cosas, la adqin;ﬁpracién mejorada  de la

diabetes debido a una mejor regulacidén y control de la

absorcidn de insulina, ipicamente, el paciente inserta

L?
una canula la cual se conecta a una tuberia de infusidn
unida a una bomba externa, y se administra insulina sobre
la base de perfiles basales preprogramados, Ademds, los
dispositivos de infusidn externos actualmente disponibles

incluyen capacidad de cdlculo para determinar las dosis

en forma de bolo adecuadas como el bolo.de carbohidrato y

bolo de correccidn, por ejemplo, a ser administradas en

conjunto con el dispositivo de infusidén ejecutando el
perfil basal del paciente.

Log perfiles basales son determinados generalmente
por el médico o quien preste atencidn al paciente y se
basan en un ntmero de faqtgr@s incluyendo la sensibilidad a
la insulina del paciente y la condicién fisioldgica gue
sean diagnosticadas por el médico del paciente, por
ejemplo, y se pretende tipicamente gque se estimen
exactamente los niveles de glucosa del paciente durante un
periodo de tiempo predeterminado durante el cual el
paciente estd siendo infundido con insulina. Los niveles de
glucosa pueden ser estimados sobre la base de una prueba
discreta periédica del paciente usando una tira de prueba y

un medidor de glucosa en sangre como el Medidor de Glucosa

wr
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Freestyle® disponible de Abbott Diabetes Care, Inc., of
Alameda, California. Esas estimaciones son, sin embargo,
propensas a errores, y no reflejan exactamente la condicidn

fisiolégica real del paciente.

SUMARIO DE LA INVENCION

En vista de lo anterior, seria deseable tener un
sistema integrado que combina las funcionalidades de un
dispositivo de infusién como bombas de infusién de
igsulina,_ vy sistemas de verificacién de analito como
sistemas de verificacidn continua de glucosa.

Esos vy otros objetivos, caracteristicas vy
ventajas de la presente invencidn se volveran mas
completamente evidentes a partir de la siguiente
descripcidn detallada de las modalidades, las

reivindicaciones anexas y los dibujos acompaiflantes.

BREVE DESCRIPCION DE LAS FIGURAS

La FIGURA 1 ilustra un dispositivo de infusién y
sistema de verificacién de analitos integrados de acuerdo
con una modalidad de la presente invencidn;

La FIGURA 2 ilustra un dispositivo de infusidn y
sistema de verificacidn de analitos integrados de acuerdo
con otra modalidad de la presente invencidn;

La FIGURA 3 ilustra un dispositivo de infusidn y

ke
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sistema de verificacidén de analitos integrados de acuerdo
con otra modalidad mds de la presente invencidn;

La FIGURA 4 ilustra un dispositivo de infusidn y
sistema de verificacién de analitos integrados de acuerdo
con otra modalidad ain mi&s de la presente invencidn;

La FIGURA 5 ilustra un dispositivo de infusidén y
sistema de verificacién de analitos integrados de acuerdo
con otra modalidad atn mads de la presente invencidn;

La FIGURA 6 ilustra un dispositivo de infusidn y
un sistema de verificacidn integrados de acuerdo con otra
modalidad adicional mas de la presente invencidn;

La FIGURA 7A ilustra el dispositivo de infusidn
y el sistema de verificacidén integrado mostrados en la
FIGURA 6 con mayor detalle en una modalidad de la
presente invencidn, mientras que las FIGURAS 7TA-7B
ilustran el circuito del extremo frontal analdgico
localizado en la interfaz del paciente y el montaje de la
bomba, respectivamente, de un dispositivo de infusidn y
el sgistema de verificacidn integrados mostrados en la
FIUGRA 7A de acuerdo con una modalidad de la presente
invencion.

Las FIGURAS 8A-8C ilustran una configuracidn de
detector pasivo para usarse en un sistema de verificacidn
continua de analito, N dosg modalidades de una

configuracién de detector activo para usarse en la

ud
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interfaz del paciente en el dispositivo de infusidén y el
sigtema de verificacién integrados, respectivamente, de
acuerdo con una modalidad de la presente invencion;

La FIGURA 9 ilustra un dispositivo de infusidn y
sistema de verificacidén de analitos integrados con el
dispositivo de infusidén y el transmisor del sistema de
verificacién integrados en un solo parche usado por el
paciente de acuerdo con una modalidad de la presente
invencidén;

La FIGURA 10 es una vista detallada de la cdnula
del dispositivo de infusidn integrada con los electrodos
del detector del sistema de verificacién de analito de
acuerdo con una modalidad de la presente invencidn;

La FIGURA 11A ilustra una vista en perspectiva
de los componentes de la cénula del dispositive de
infugién integrada con los electrodos del detector del
sistema de verificacidén de analito de acuerdo con otra
modalidad de 1la presente invencidén, mwmientras dque la
FIGURA 11B ilustra una vista plana desde arriba de la
unidad transmisora del sistema de verificacidén de analito
integrada con el dispositivo de infusién de acuerdo con
una modalidad de la presente invencidn;

Las FIGURAS 12A-12C ilustran cada una, una vista
en corte transversal de la canula del dispositivo de

infusién integrada con los electrodos del detector del
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sistema de verificacidn continua de analito de la FIGURA
10 de acuerdo con las diferentes modalidades,
respectivamente, de la presente invencion; y

La FIGURA 13 es un diagrama de temporizacidn
para ilustrar el espacio temporal de las mediciones de
glucosa en sangre vy liberacién de insulina por el
dispositivo de infusidén y el sistema de verificacidn

integrados en una modalidad.

DESCRIPCION DETALLADA DE LA INVENCION

La FIGURA 1 ilustra un dispositivo de infusidn y
sistema de verificacién de analito integrado de acuerdo a
una modalidad de la presente invencidén. Refiriéndose a la
FIGURA 1, el dispositivo de infusidn y sistema de
verificacién de analito integrado 100 en una modalidad de
la presente invencidn incluye un dispositivo de infusidn
110 conectado a una tuberia de infusidn 130 para el
transporte de liquido o infusidén, y el cual se acopla
ademas a una cénula 170. Como puede observarse de la
FIGURA 1, 1la canula 170 esta configurada para ser
acoplada de manera montable a una unidad transmisora 150,
donde la unidad transmisora 150 también se acopla de
manera montable a un detector de analito 160. También se
proporciona una unidad de verificacién de analito 120, la

cual esta configurada para comunicarse de manexa
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inaldmbrica con la unidad transmisora sobre una
trayectoria de comunicacidn 140.

Refiriéndose a la FIGURA 1, en una modalidad de
la presente invencidén, la unidad transmisora 150 esta
configurada para la comunicacidén inaldmbrica unidireccional
sobre la trayectoria de comunicacidén 140 a la unidad de
verificacién de analito 120. En una modalidad, la unidad de
verificacidén de analito 120 puede ser configurada para
incluir una unidad transceptora (no mostrada) para la
comunicacién  bidireccional sobre la  trayectoria de
comunicacién 140. La unidad transmisora 150 en una
modalidad puede ser configurada para transmitir de manera
periddica y/o intermitente sefiales asociadas con los
niveles de analito detectados por el detector de analito
160 a la unidad verificadora de analito 120. La unidad
verificadora de analito 120 puede ser configurada para
recibir las seflales de la unidad transmisora 150 y en una
wodalidad, estd configurada para efectuar el almacenamiento
vy procesamiento de datos sobre la base de uno o mas
procesos preprogramados o predeterminados.

Por ejemplo, en una modalidad, la unidad
verificadora de analitos 120 estd configurada para
almacenar las seflales recibidas asociadas con los niveles
de analitos en una unidad de almacenamiento de datos (no

mostrada) . De manera alternativa, o ademdsg, la unidad

e
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verificadora de analito 120 puede ser configurada para
procesar las sefiales asociadas con los niveles de analito
para generar la indicacién de tendencia, por ejemplo,
mediante la presentacién visual de una grafica lineal o
un icono angular basado en la visualizacidn para la
visualizacién o presentacién de salida sobre su unidad de
visualizacidén 121. Puede ser presentada informacién
adicional en la unidad de visualizacidén 121 de la unidad
de verificacién de analitos 120 incluyendo, pero sin
limitarse a, el nivel de analito sustancialmente
contemporédneo y en tiempo real del paciente recibido de
la unidad transmisora 150 de acuerdo a lo detectado por
el detector 160. El nivel de analito en tiempo real puede
ser presentado en un formato numérico o en cualquier otro
formato adecuado que proporcione al paciente la medicidn
exacta del nivel de analito sustancialmente en tiempo
real detectado por el detector 160.

Los analitos adicionales que  puedan ser
verificados o determinados por el detector 160 incluyen,
por ejemplo, acetilcolina, amilasa, bilirrubina,
colesterol, gonadotropina coridnica, creatina cinasa (por
ejemplo, CK-MB), creatina, ADN, fructosamina, glucosa,
glutamina, hormonas de crecimiento, hormonas, cetonas,
lactato, perdxido, antigeno especifico de la prostata,

protrombina, ARN, hormona estimulante de la tiroides vy

S5
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troponina. La concentraciédn de farmacos, por ejemplo,
antibiéticos (por ejemplo, gentamicina, vancomicina vy
gimilares), digitoxina, digoxina, farmacos de abuso,
teofilina y warfarina, también puede ser determinada.

Refiriéndose nuevamente a la FIGURA 1, el
detector 160 puede incluir el detector de analito a corto
plazo (por ejemplo, 3 dias, 5 dias o 7 dias de uso) el
cual es reemplazado después de su vida Gtil pretendida.
Ademéas, en una modalidad, el detector 160 esta
configurado para ser colocado subcutdneamente en la piel
del paciente de modo que al menos una porcidn del
detector de analito se mantenga en contacto fluidico con
el analito del paciente como, por ejemplo, fluido
intersticial o sangre. Ademas, la cénula 170 la cual esta
configurada para ser colocada igualmente bajo la piel del
paciente se conecta a la tuberia de infusidén 130 del
dispositivo de infusién 110 para proporcionar medicacidn
como insulina al paciente. Ademds, en una modalidad, la
canula 170 estd configurada para ser reemplazada con el
reemplazo del detector 160.

En un aspecto de 1la presente invencidn, la
canula 170 y el detector 160 pueden ser configurados para
ser colocados subcutianeamente bajo la piel del paciente
ugsando un mecanismo de 1insercidén (no mostrado) como un

cafidn de insercidn el cual puede incluir, por ejemplo un
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mecanismo de 1insercidn desviado o cargado por resorte
para colocar de manera sustancialmente exacta la canula
170 v el detector 160 bajo la piel del paciente. De esta
manera, la canula 170 y el detector 160 pueden ser
colocadog subcutdneamente con sustancialmente poco ©
ningtin dolor percibido por el paciente. De manera
alternativa, la canula 170 y/o el detector 160 pueden ser
configurados para ser insertados manualmente por el
paciente a través de la piel del paciente. Después de
colocar la canula 170 y el detector 160, ellos pueden ser
retenidos de manera sustancialmente firme en posicidén por
una capa adhesiva 180 la cual estda configurada para
adherirse a la piel del paciente durante la duracién del
periodo de tiempo durante el cual el detector 160 y la
canula 170 estén colocados subcutaneamente.

Ademds, en una modalidad, la unidad transmisora
150 puede ser montada después de la colocacién subcutanea
del detector 160 y la canula 150 para estar en contacto
eléctrico con los electrodos del detector. De manera
similar, la tuberia de infusidén 130 puede ser configurada
para acoplarse de manera operativa al alojamiento de la
unidad transmigora 150 para ser colocada exactamente para
alinearse con la canula 170 y para proporcionar un sello
sustancialmente hermético al agua. La descripcidn

detallada adicional del sistema de verificacidn de
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