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ANALYTE SENSOR INTRODUCER AND METHODS OF USE

PRIORITY
This PCT application claims priority to United States Patent Application No.
11/216,932, filed August 30, 2005 and is hereby incorporated by reference.

BACKGROUND

The present invention relates to data monitoring systems. More specifically,

the present invention relates to method and apparatus for providing an analyte sensor
introducer for transcutaneous placement of an analyte sensor into a patient for use in
analyte monitoring systems including glucose monitoring systems.

Glucose monitoring systems generally include a sensor such as a
subcutaneous analyte sensor for detecting analyte levels such as glucose levels, a
transmitter (such as an RF transmitter) in communication with the sensor and
configured to receive the sensor signals and to transmit them to a corresponding
receiver unit by for example, using RF data transmission protocol. The receiver may
be operatively coupled to a glucose monitor that performs glucose related calculations
and data analysis such as for example, trend analysis, data management and medical
treatment planning and management.

The transmitter may be mounted or adhered to the skin of a patient and also in
signal communication with the sensor, At least a portion of which may be implanted
into the skin of the patient. Generally, the sensor is configured to detect and measure
the glucose levels of the patient over a predetermined period of time, and the
transmitter is configured to transmit the measured glucose levels over the
predetermined period of time for further analysis. To initially set up the sensor so
that the sensor contacts and electrodes are in fluid contact with the patient’s analyte
fluids, it is important to properly insert the sensor wholly or partially through the
patient’s skin and securely retain the sensor during the time that the sensor is

configured to detect analyte levels. In addition to accurate positioning of the sensor
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through the skin of the patient, it is important to minimize the level of pain associated
with the insertion of the sensor through the patient’s skin.

In view of the foregoing, it would be desirable to have a sensor introducing
mechanism including sensor introducer for accurate and easy insertion of the sensor
through the skin of a patient or otherwise to properly position the sensor, e.g.,
transcutaneously, so that the sensor maybe configured to detect analyte levels of the
patient. Also, it would be desirable to have a method and apparatus to have a sensor
introducing mechanism that places the sensor at least partially through the skin of the

patient with ease and relative little pain.

SUMMARY OF THE INVENTION

In one embodiment, there is provided an analyte sensor introducer

configuration and methods of use which provides reduced insertion/extraction force
through the skin of the patient thereby reducing the trauma to the patient’s skin. In

this manner, in one embodiment, the puncture through the skin of the patient can be
maintained relatively small, which in turn, results in less bleeding and bruises to the
patient’s skin, allowing for a faster healing time.

In a further embodiment of the present invention, the introducer is integrated
into the housing of an analyte sensor inserter and a mounting unit of a sensor control
unit, or a base housing which is configured to receive a data transmitter (or a
transceiver). As such, a single device which incorporates the sensor insertion
mechanism as well as providing the support structure for mounting the transmitter to
a patient is provided. The data transmitter in one embodiment is configured for
electrical communication with the sensor, where the sensor is configured to detect the
patient’s analyte level, and the transmitter configured to transmit (wirelessly or
otherwise) to a monitoring unit such as a glucose monitor unit or an insulin pump.

In this manner, in accordance with the various embodiments of the present

invention, the sensor may be introduced through the skin of the patient for accurate
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transcutaneous placement while lessening the pain to the patient during the sensor

placement process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a perspective view of an analyte sensor introducer in
accordance with one embodiment of the present invention;

FIG. 2 is a detailed view of the shaft portion of the analyte sensor introducer
shown in FIG. 1 in accordance with one embodiment of the present invention;

FIG. 3 illustrates a perspective view of an analyte sensor introducer in
accordance with another embodiment of the present invention;

FIG. 4 is a detailed view of the shaft portion of the analyte sensor introducer
shown in FIG. 3 in accordance with another embodiment of the present invention;

FIG. 5 illustrates a perspective view of an analyte sensor introducer in
accordance with a further embodiment of the present invention;

FIG. 6 is a detailed view of the shaft portion of the analyte sensor introducer
shown in FIG. § in accordance with a further embodiment of the present invention;

FIG. 7 illustrates an analyte sensor introducer integrated with the transmitter
mount housing with a drive mechanism for placement on the skin of a patient in
accordance with yet another embodiment of the present invention;

FIG. 8 illustrates the introducer integrated with the transmitter mount housing
of FIG. 7 in pre-deployment position in accordance with yet another embodiment of
the present invention; and

FIG. 9 illustrates the introducer integrated with the transmitter mount housing
of FIG. 7 after sensor deployment position in accordance with yet another

embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a perspective view of an analyte sensor introducer in

accordance with one embodiment of the present invention. Referring to the Figure,
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there is provided an introducer 100 having a body portion 101 and a shaft portion
105. The shaft portion 105 includes a substantially relatively sharp edge segment 103
which is configured to first contact the skin of the patient during the placement of the
introducer through the patient’s skin for transcutaneous placement of an analyte
sensor 110. As shown, the sensor 110 is configured to be retained within the shaft
portion 105 and held in position during the sensor 100 insertion process through the
patient’s skin by the substantially hollow cylindrical shape of the shaft portion 105 as
shown in the Figure.

Referring to FIG. 1, the tip of the analyte sensor 110 is retained at the edge
segment 103 of the introducer 100 during the placement of the sensor 110
transcutaneously through the patient’s skin. It should be noted that the edge segment
103 of the introducer 100 is configured to first pierce through the patient’s skin, and
at substantially same time, guide the retained sensor 110 maintained in the shaft
portion 105 of the introducer 100 through the pierced skin of the patient. When the
sensor 100 is placed at the desired location under the skin, the introducer 100 is
configured to be retracted from the patient, leaving the sensor 100 in place. More
specifically, during the introducer removal process from the patient, a radial
configuration 104 of the shaft portion 105 is configured to guide the removal of the
introducer 100 from the pierced skin.

FIG. 2 shows a detailed view of the shaft portion of the analyte sensor
introducer shown in FIG. 1 in accordance with one embodiment of the present
invention. In further embodiments, the shaft portion 105 may have a ribbed
configuration so as to provide additional strength during the insertion and retraction
of the introducer through the skin of the patient. Moreover, as shown in FIGS. 1 and
2, the shaft portion 105 of the introducer 100 includes a substantially longitudinal slit
opening 102 which is provided to allow the introducer 100 to be completely de- -
coupled from the sensor 110 retained within the shaft portion 105 during the
placement thereof, so that the introducer 100 may be removed completely from the

patient, while leaving in place the sensor 110.



WO 2007/027788 PCT/US2006/033885

-5.

In this manner, in one embodiment of the present invention, the introducer
100 may be configured to reduce the insertion and extraction forces through the
patient’s skin, thus reducing trauma to the skin. By maintaining a relatively small
skin puncture, it is possible to reduce the amount of potential bleeding during the skin
piercing process for transcutaneous sensor placement, and likewise result is less
bruising and also faster healing.

As described above, in one embodiment of the present invention, the analyte
sensor is positioned within the substantially hollow shaft portion 105 of the introducer
100 such that the edge segment 103 of the introducer 100 guides the sensor 110 into
and through the skin puncture. In one embodiment, the edge segment 103 may be
sharpened and polished to facilitate a smooth puncture and a clean cut through the
patient’s skin. Moreover, the radial configuration 104 of the shaft portion 105 as
discussed above provides a transition when the introducer 100 exits the puncture so as
to allow for a smooth and relatively painless removal of the introducer from the
patient.

FIG. 3 illustrates a perspective view of an analyte sensor introducer in
accordance with another embodiment of the present invention, and FIG. 4 is a
detailed view of the shaft portion of the analyte sensor introducer shown in FIG. 3 in
accordance with another embodiment of the present invention. Referring to FIGS. 3
and 4, introducer 300 includes a body portion 301 and a shaft portion 302, where the
shaft portion 302 includes a relatively sharp and tapered edge segment 303 as shown.
Also shown in the Figures is a longitudinal opening 304 along the shaft portion 302
of the introducer 300 extending from the edge segment 303.

In this manner, in one embodiment of the present invention, the analyte sensor
310 is placed along the hollow shaft portion 302 of the introducer 300 such that the
shaft portion of the sensor 310 is guided by the edge segment 303 of the introducer
300 during the transcutaneous placement of the sensor 310. Accordingly, the edge

segment 303 is configured to first pierce the patient’s skin and thereafter the sensor
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310 retained within the shaft portion 302 of the introducer 300 is introduced through
the patient’s skin following the directional movement of the introducer 300.

As described above, the introducer in one embodiment may be configured to
substantially retain the sensor 310 and place the sensor through the skin of the patient
so that the sensor 310 is easily and quickly guided through the skin, minimizing the
potential for the sensor 310 to deflect off (and thus not penetrate) the skin during the
insertion process. This is particularly guided in one embodiment by the edge segment
303 of the introducer 300 as shown in the Figures above. Additionally, the
longitudinal slit opening 304 substantially parallel to the length of the shaft portion
302 of the introducer 300 is provided to allow the introducer 300 to be removed
completely from the patient while leaving the sensor 310 in place after deploying the
same under the skin.

Moreover, in accordance with the various embodiments, and as substantially
shown in the Figures described above, the introducer configuration is provided such
that the amount of drag and frictions during the introducer introduction through the
patient’s skin is reduced, while the substantially hollow and cylindrical shaft portion
of the introducer is configured to minimize the necessary force to deploy the
introducer so that the sensor is propetly placed through the patient’s skin, while the
speed of the insertion and removal of the introducer is also optimized for minimizing
pain and skin trauma.

FIG. 5 illustrates a perspective view of an analyte sensor introducer in
accordance with a further embodiment of the present invention, while FIG. 6 shows a
detailed view of the shaft portion of the analyte sensor introducer shown in FIG. 5 in
accordance with a further embodiment of the present invention. Referring to the
Figures, introducer 500 includes a body portion 501 and a shaft portion 502, where
the shaft portion 502 further includes a substantially sharp edge segment 503, an
upper fold segment 505 and a tab segment 504. In one embodiment, the upper fold
segment 505 is configured to substantially retain the sensor 510 within the shaft

portion 502 of the introducer 500, while the tab segment 504 is similarly configured
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to retain the sensor 510 within the shaft portion 502 so as to guide or maintain the
position of the sensor during the insertion of the introducer 500 through the patient’s
skin.

More specifically, the shaft portion 502 is configured so as to substantially
retain the portion of the sensor 510 that is to be placed under the skin of the patient so
as to be in fluid contact with the patient’s analyte. Moreover, the edge segment 503
of the introducer 500 includes a substantially sharp and angled tip for piercing the
patient’s skin. Indeed, the edge segment 503 of the introducer 500 is sharp and
tapered to facilitate skin piercing while minimizing skin trauma. In this manner, it is
possible to minimize the size of the skin wound at the piercing site where the
introducer 500 is placed through the skin, and thus, the patient will likely experience
a faster healing time.

Referring back to FIGS. 5 and 6, it can be seen also that the shaft portion 502
is configured so that the sensor 510 that is retained substantially within the shaft
portion 502 during the insertion of the introducet 500 through the skin, can be
completely de-coupled and separated from the sensor 510 when the sensor 510 is
placed in its final position. In this manner, the introducer 500 may be removed from
the patient, while at least a portion of the sensor is retained in fluid contact with the
patient’s analyte so as to monitor its levels, for example.

FIG. 7 illustrates an analyte sensor introducer integrated with the transmitter
mount housing with a drive mechanism for placement on the skin of a patient in
accordance with yet another embodiment of the present invention. Referring to the
Figure, there is provided a transmitter mount 702 configured to receive or mount with
a transmitter 701. The transmitter mount 702 in one embodiment is configured to
couple with a drive mechanism 703 that may be optionally be reusable. The
transmitter mount 702 housing may be further configured to integrate a spring 706
which, in conjunction with the drive mechanism 703, is configured to provide
insertion and/retraction force for introducing the sensor 704 and the sensor introducer

705. Referring back to FIG. 7, the transmitter mount 702 in one embodiment also
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includes a sensor 704 and a sensor introducer 705 integrated within the housing of the
transmitter mount 702.

In operation, the patient in one embodiment arms (or cocks) the drive
mechanism 703 to generate the sufficient inertial force needed to drive the introducer
705 and the sensor 704 through the patient’s skin. More specifically, in one
embodiment, the introducer 705 and the sensor 704 are provided in a fully assembled
package within the transmitter mount 702, Thus, when the patient wishes to place the
sensor 704 subcutaneously, the drive mechanism 703 is armed and the patient places
the transmitter mount 702 on the surface of the patient’s skin where the patient wishes
to place the sensor 704. Thereafter, the driver mechanism 703 is operated to drive the
introducer 705 and the sensor 704 through the skin of the patient.

In one embodiment, the drive mechanism may include spring biased
mechanism, magnetic force implementation, as well as a motor and gear combination,
or the like, so as to provide the necessary force for inserting the introducer 705 and
the sensor 704, as well as to retract the introducer 705. Furthermore, within the scope
of the present invention, the drive mechanism 703 may be activated by using one or
more of an activation button, a lever, plunger, a switch, a knob or any type of suitable
activation mechanism that the patient may easily operate to activate the drive
mechanism 703.

Referring back to the Figures, FIGS. 8 and 9 illustrate the introducer
integrated with the transmitter mount housing of FIG. 7 in pre-deployment and post
deployment positions, respectively, in accordance with yet another embodiment of the
present invention. Indeed, as shown in FIG. 9, after the sensor has been deployed and
inserted into the skin of the patient, the tip portion 901 of the sensor 704 is positioned
out of the housing of the transmitter mount 702 so as to be transcutaneously placed
under the skin of the patient.

In this manner, in one embodiment of the present invention, the sensor 704
may be substantially precisely guided through the transmitter mount 702 and

positioned at a specified depth under the patient’s skin, e.g., in the subcutaneous
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tissue. When the insertion is completed, the spring 706 as shown in the Figures in
one embodiment is configured to retract the introducer 705 out of the patient, so as to
be retained within the transmitter mount 702. Thereafter, the drive mechanism 703
may be removed from the transmitter mount 702 and may be reused for future sensor
insertion with one or more other sensors. Once the drive mechanism is removed, the
transmitter 701 is placed in position and coupled with the transmitter mount 702 so as
to establish electrical connection with the appropriate electrodes of the sensor 704 in
order to begin transmission of the detected analyte levels to a receiving device such as
a receiver/monitoring unit.

In the manner described above, in accordance with one embodiment of the
present invention, such “on-board” insertion configuration of analyte sensors
eliminates the need for a sensor delivery unit (such as a separate insertion device),
and thereby reducing the associated material costs, weight, packaging, handling, as
well as disposal thereof. Additionally, the number of steps that are necessary for the
patient to perform to introduce and position the analyte sensor is reduced which
provides significant advantages, especially in continuous monitoring systems where
the sensor typically requires replacement at a predetermined interval.

Moreover, in certain embodiments, the transmitter 701 may be integrated into
the transmitter mount 702 so as to provide a unitary piece of construction. Such
embodiments reduce the number of separate components and reduce the number of
steps a user performs by omitting or minimizing the steps of attaching or mounting a
transmitter to the base portion. Additional detailed information on the detection,
monitoring and analysis of analyte levels are described in further detail in U.S. Patent
No. 6,175,752 entitled “Analyte Monitoring Device and Methods of Use” the
disclosure of which is incorporated herein by reference for all purposes.

In the manner described above, in accordance with one embodiment of the
present invention, there is provided an introducer, comprising a body portion, and a
shaft portion extending substantially from an edge of the body portion, the shaft

portion including a tapered end, the shaft portion configured to substantially retain a
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sensor, and further, where the tapered end is configured to guide the sensor through a
skin layer.

In one embodiment, the shaft portion may be substantially hollow, and further,
the shaft portion may include an opening substantially along the length of the shaft
portion.

Additionally, the opening of the shaft portion may be configured to be wider
than the width of the sensor such that the sensor may be displaced out of the shaft
portion through the opening.

Further, the shaft portion may be configured to retain at least a portion of the
sensor substantially subcutaneously when the shaft portion is removed from the skin
layer.

In a further embodiment, the tapered end of the shaft portion may be
configured to pierce the skin layer, and further, wherein at least a portion of the
sensor is substantially retained within the shaft portion while the tapered end is
piercing through the skin layer,

Moreover, when the tapered end of the shaft portion is transcutaneously
introduced to the skin layer, the sensor may be substantially contemporaneously
transcutaneously introduced through the skin layer.

In one aspect, the sensor may include an analyte sensor, where the analyte
sensor includes a glucose sensor. In a further aspect of the present invention, the
sensor may include other types of sensors including, but not limited to short term or
long term analyte sensors, blood glucose sensors, implanted electrochemical sensors,
or the like.

Also, the analyte sensor may be in fluid contact with the patient’s analyte.

A method of introducing a sensor in a further embodiment of the present
invention includes aligning a tapered end of an introducer substantially onto a sensor
insertion site of a patient, piercing the skin at the sensor insertion site of the patient

with the tapered end of the introducer, guiding a sensor with the introducer through
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the skin, and removing the introducer substantially completely from the patient while
subcutaneously retaining at least a portion of the sensor in the patient.

In one embodiment, the guiding step may include the step of substantially
entirely retaining at least a portion of the sensor within a shaft portion of the
introducer.

Moreover, the tapered end of the introducer may include a substantially sharp
edge segment configured to pierce the skin, where the sharp edge segment of the
tapered end may be substantially configured at an angle greater than 45 degrees
relative to the direction of the sharp edge segment piercing the skin.

An introducer in a further embodiment of the present invention includes a
body portion, and a shaft portion extending substantially from an edge of the body
portion, the shaft portion including a tapered end, the shaft portion configured to
substantially retain an analyte sensor, and further, where the tapered end may be
configured to guide the analyte sensor through a skin layer such that at least a portion
of the analyte sensor is in fluid contact with an analyte of a patient under the skin
layer.

An analyte monitoring system in a further embodiment of the present
invention includes a sensor, an introducer, and a transmitter, the introducer including
a body portion, and a shaft portion extending substantially from an edge of the body
portion, the shaft portion including a tapered end, the shaft portion configured to
substantially retain the sensor, and further, where the tapered end is conﬁgured to
guide the sensor through a skin layer, and the transmitter configured to operatively
coupled to the sensor to transmit a data associated with a detected analyte level
received from the sensor.

In a further embodiment, the system may also include a receiver operatively
coupled to the transmitter, the receiver configured to receive the data from the
transmitter. Moreover, the transmitter in one embodiment may be configured to

wireless transmit the data.
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An inserter kit in accordance to still a further embodiment of the present
invention includes a sensor, an introducer that includes a body portion, a shaft
portion, and a drive mechanism, the shaft portion extending substantially from an
edge of the body portion, the shaft portion including a tapered end, the shaft portion
configured to substantially retain the sensor, and further, wherein the tapered end is
configured to guide the sensor through a skin layer of a patient, and the drive
mechanism coupled to the body portion, the drive mechanism configured to drive at
least a section of the shaft portion through the skin layer, and further, to retract the at
least the section of the shaft portion substantially completely out of the patient, where
at least a portion of the sensor is placed subcutaneously when the at least the section
of the shaft portion of the introducer is retracted from the skin layer such that the
sensor is substantially in fluid contact with the analyte of the patient.

Various other modifications and alterations 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. It is intended that the following claims define the scope of the present
invention and that structures and methods within the scope of these claims and their

equivalents be covered thereby.
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WHAT IS CLAIMED IS:

1. An introducer, comprising:

a body portion; and

a shaft portion extending substantially from an edge of the body portion, the
shaft portion including a tapered end, the shaft portion configured to substantially
retain a sensor, and further, wherein the tapered end is configured to guide the sensor

through a skin layer.
2. The introducer of claim 1 wherein the shaft portion is substantially hollow.

3. The introducer of claim 1 wherein the shaft portion includes an opening

substantially along the length of the shaft portion.

4, The introducer of claim 3 wherein the opening is configured to be wider than
the width of a sensor retained therein such that the sensor may be displaced out of the

shaft portion through the opening.

5. The introducer of claim 3 wherein the shaft portion is configured to retain at
least a portion of the sensor substantially subcutaneously when the shaft portion is

removed from the skin layer.

6. The introducer of claim 1 wherein the tapered end of the shaft portion is
configured to pierce the skin layer, and further, wherein at least a portion of the
sensor is substantially retained within the shaft portion while the tapered end is

piercing through the skin layer.

7. The introducer of claim 1 wherein when the tapered end of the shaft portion is
transcutaneously introduced to the skin layer, the sensor is substantially

contemporaneously transcutaneously introduced through the skin layer.
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8. The introducer of claim 1 wherein the sensor includes an analyte sensor.
9. The introducer of claim 8 wherein the analyte sensor is a glucose sensor.
10.  The introducer of claim 8 wherein the introducer is configured to position an

analyte sensor in fluid contact with the patient’s analyte.

11. A method of introducing a sensor; comprising:

aligning a tapered end of an introducer substantially onto a sensor insertion
site of a patient;

piercing the skin at the sensor insertion site of the patient with the tapered end
of the introducer;

guiding a sensor with the introducer through the skin; and

removing the introducer substantially completely from the patient while

subcutaneously retaining at least a portion of the sensor in the patient.

12. The method of claim 11, wherein the sensor includes an analyte sensor.

13.  The method of claim 12 wherein the analyte sensor is a glucose sensor.

14.  The method of claim 11 wherein the guiding step includes the step of
substantially entirely retaining at least a portion of the sensor within a shaft portion of

the introducer.

15.  The method of claim 11 wherein the tapered end of the introducer includes a

substantially sharp edge segment configured to pierce the skin.
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16.  The method of claim 15 wherein the sharp edge segment of the tapered end is
substantially configured at an angle greater than 45 degrees relative to direction of the

sharp edge segment piercing the skin.

17.  Ananalyte monitoring system, comprising:
a sensor;
an introducer, including:
a body portion; and
a shaft portion extending substantially from an edge of the body
portion, the shaft portion including a tapered end, the shaft portion configured
to substantially retain the sensor, and further, wherein the tapered end is
configured to guide the sensor through a skin layer; and
a transmitter configured to operatively coupled to the sensor, the transmitter,
further configured to transmit a data associated with a detected analyte level received

from the sensor.

18.  The system of claim 18 further including a receiver operatively coupled to the

transmitter, the receiver further configured to receive the data from the transmitter.

19.  The system of claim 18 wherein the transmitter is configured to wireless

transmit the data.

20.  Aninserter kit, comprising:
a sensor;
an introducer, including:
a body portion; and
a shaft portion extending substantially from an edge of the body
portion, the shaft portion including a tapered end, the shaft portion configured
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to substantially retain the sensor, and further, wherein the tapered end is
configured to guide the sensor through a skin layer of a patient;

a drive mechanism coupled to the body portion, the drive mechanism
configured to drive at least a section of the shaft portion through the skin
layer, and further, to retract the at least the section of the shaft portion
substantially completely out of the patient;

wherein at least a portion of the sensor is placed subcutaneously when
the at least the section of the shaft portion of the introducer is refracted from
the skin layer such that the sensor is substantially in fluid contact with the

analyte of the patient.
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FIGURE 2
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FIGURE 4
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FIGURE 6



PCT/US2006/033885

WO 2007/027788

4/5
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FIGURE 8
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FIGURE 9
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