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WO 2012/106972 PCT/CN2011/084292

Biood Glucose Sensor

BACKGROUND OF THE DISCLOSURE

[0001] The disclosure relates to systems and methods for monitoring a person’s

blood glucose level.

[0002] According o the American Diabeles Association, 23.7 million people in the
United States have diabetes; and, with 1.6 million newly diagnosed cases gach year,

diabetes, already one of the most prevalent chronic diseases in the US, is on the rise.

{0003] An estimated 5-10% of diabelics have Type | diabeles, previously known
as juvenile diabetes. In this particularly severe form, the body does not produce insulin,
and Type | diabetes is fatal without insulin treatment. Intensive insulin therapy is key to
managing this condition, and studies have shown that it significantly delays and
preventis the progression of microvascular diseases such as retinopathy and

microalbuminuria.

§0004] However, incidences of hypoglycemia pose a substantial hurdie 1o
gffective and safe inlensive insulin therapy. One study shows that an atlempi o
achieve a near-normal glycemic profile led to a threefold increase in hypoglycemia.
Therefore, frequent monitoring of blood glucose levels is a critical measurs 1o reducs

hypoglycemia incidences.

[0005] An additional benefit of frequent blood giucose measurements is that they
provide critical data for determining the appropriate insuiin dosage, and many
algorithms that attempt {0 use continuously monitored glucose data to determine insulin
dosage have been devsloped thus far, and thess algorithm invariably relies on near-
continuous glucose concentration data. Therefore, a sensor that is capable of providing
frequent, near-continuous monitoring of glucose concentration is necessary for

improving diabetes management, especially for those with Type | diabetes. it has been
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well established that concentration of subcutaneous interstitial fluid clossly follows the
glucose concentration in the blood; thersfore, a minimally invasive, subcutansous

glucose sensor can be used as a continuous glucose monitoring modality.

{3006} Currently there are three major subcutansous continuous glucose
monitoring systems (CGMS) each markeied by Medironic inc, Abboll Laboratories and
Dexcom Inc. The duration of each sensor is between 3 and 7 days, and the price of
each sensor is between $40 and $80, with the initial cost of the system between $1,000
and $1,339.

§0007] in addition to potentially prohibitive costs, the existing systems on the
market are often inaccurate. A recent study found that half of hypogiycemia events, a
potentially life-threatening condition, are missed by these systems, which imposes a

substantial iimitation on their efficacy.

§0008] in summary, there is an unmet need for a high-accuracy, low-cost

alternative to current CGMS on the market,
SUMMARY OF THE DISCLOSURE

[0009] it is discovered herein that the body temperature of a subject is influenced
by the subject’s blood glucose level, especially when the subject is suffering
hypoglvcemia or hyperglycemia. Accordingly, body lemperature provides additional
valuable information about a subject’s blood glucose level, in particular when monitoring
of such level is the most critical. Based on this discovery, the present disclosure
provides a design of a glucose sensor thal includes electrodes like used in a
conventional giucose sensor and a thermistor for measuring the body temperalure of a

subject.

(0010} in a conventional glucose sensor, the sensor tip is made of polymers,
which makes the manufacturing expensive. Each sensor typically costs more than $30

o make. Further, polymer-made sensors require a long run in time, typically ranging

.
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from one or two hours to 10 hours or more. Still furthser, it is difficult or even infeasibie
to manufacture a sensor with a build in thermistor. Thus, one embodiment of the
present disclosure provides a glucose sensor made of silicon, such as a silicon on

insulator (SO wafer.

(0011 Thus, on embodiment of the present disclosurs provides a glucose sensor
comprising a biccompatible base; and a working electrode, a reference slectrode and a
thermistor disposed on the base. In one aspect, the glucose sensor further comprises a
counter glectrode disposed on the base. In ancther aspect, the glucose sensor further

comprises glucose oxidase disposed on the base.

(0012} The base of the glucose sensor, in some aspects, is glectrically insulating.

In one aspect, the base is made of a material comprising silicon.

{0013} in one aspect, the working slectrode comprises platinum black. Inone
aspect, the reference electrode comprises silver chioride. In ancther aspect, the

counter electrode comprises platinum black.

[0014] in one embodiment, the base has a substantially flat surface, which is
from about 0.05 mm to about 2 mm wida. In another embodiment, the base is from

about .01 mm {o about 1 mm thick

[0015] in certain embodiments, each of the electrodes and the thermistor is
connected o a controller. in yet other embodiments, the controller comprises a
microprocessor. The controlier, in some aspects, comprises an eleclrical data storage

unit. Still in some aspects, the controller is connecled {0 a wireless transmitier.

[0016] One embodiment of the present disclosure provides sensor that further
comprises a polymer connector. The polymer conneclor, either and the side or the
external end {the end closer to the skin), can make the sensor more flexible and thus
more durable and comfortable to use,
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BRIEF DESCRIPTION OF THE DRAWINGS

(0017 The foregoing advantages and features of the disclosure will become
apparent upon reference to the following detailed description and the accompanying

drawings, of which:

§0018] FIG. 1 illusirates one embodiment of the glucose sensor of the present

disclosure, which includes three slectrodes on the sensor; and

(0019] FIG. 2 illusirates another embodiment of the glucose sensor of the present

disclosurs, which includes two slecirodes on the sensor.
DETAILED DESCRIPTION OF THE DISCLOSURE

[0020] Various embodiments of the disclosure will be described in detail below,

with reference 1o the accompanying drawings.

{3021} With reference to FIG. 1 and FIG. 2, a glucose sensor is provided,
including a base 101, which is optionally connected to a flexible polymer strip 102 for

connecting the base 101 o a controller and/or o facilifale insertion or retrieval.

10022} in one embodiment, with reference to FiG. 1, the glucose sensor includes
two elsclrodes, a working elsctrode 201 and a reference electrode 202, In ancther
embodiment, with reference to FIG. 2, the glucose sensor includes thres slecirodes. In
addition to the working electrods 201 and reference slectrode 202, the glucose sensor
in this embodiment further includes a counter electrode 203. A two-electrode sensor
consists of a working electrode, typically made of catalytic material such as platinum,
and a counter elecirode, typically made of silver/siiver chioride or iridium/iridium oxide; a
three-electrode system consisis of a working sleclrode, typically made of a catalytic
material such as platinum, and reference electrode, typically made of a silver and silver
chioride or iridium and iridium Oxide, and a counter electrode, typically made of a

catalytic material. Desgpile the additional complexity, an advantage for a three-slecirode

L
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sensor is that there is no current flow through the reference slecirode, on which

electrochemical corrosion oocurs over time.

10023} Methods of preparing working electrodes and placing them on a solid base
are well known in the art. In ons embodiment, the working electrode 201 is made of
platinum black. The counter electrode 204 can also be made of platinum black when
included on the giucose sensor. In some embodiments, the reference elecirode 202 is
made of silver and/or silver chioride or indium/iridium oxide. Any of all of the electrodes
can be simply printed on the base or disposed on the based on other means known o

the skilled artisan.

{0024] in one embodiment, the base has a substantially flat surface, which can
be from about 0.05 mm to about 5 mm wide, or alternatively from about 8.1 mm to about
2 mm wide, or allernatively from about 0.5 mm {o about 2 mm, or yet alternatively from
about 1 mm to about 2 mm wide. In ancther embodiment, the base is from about 0.01
mm to about 2 mm thick, or alternatively from about 0.05 to aboul 1 mm think, or

alternatively from about 0.1 mm to about 8.5 mm thick.

[0025] in cerlain embodiments, each of the elecirodes and the thermistor is
connected o a controller. in yet other embodiments, the controller comprises a
microprocessor. The controlier, in some aspects, comprises an eleclrical data storage
unit. Still in some aspects, the controller is connected o a wireless transmitier. The
wireless transmitter can be used to transmit raw electric signal or processed
measurement data to a wireless receiver such as a wireless monitor or a smart cell

phone.

{0026] Also referring to FIG. 1 and FIG. 2, in one embodiment, the glucose
sensor further includes a component for measuring body temperature. In some
aspects, such a component is a thermisior. L is {0 be undersiond that the component
for measuring body temperature does not have {0 be a thermistor. A thermistoris a

type of resistor whose resistance varies with temperature. Other samples of

5.
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components for measuring body temperature include silicon bandgap temperature
sensors which are widely used in silicon integrated circult at very low cost. The typical

accuracy for these bandgap temperature sensors is around ~2 mV/"C.

{3027} A thermistor can be a posilive temperature cosflicient (PTC) thermistor,
also known as a posistor, or a negative lemperature cosfiicient (NTC) thermistor.
Materials and methods of preparing a thermistor is also known in the arl. In ons aspsct,
the thermisior is made of a ceramic. In ancther aspect, the thermistor is made of a

polymer.

{0028} Materials and methods for preparing a bass for a glucose sensor are
commuonly known in the art. In one embodiment, the base is made of silicon, such as a
silicon on insulator wafer. The glucose sensors currently on the market typically include
a polymer base. Compared o polymer made bases, production of a silicon base is less
expensive, more uniform and more scalable. Further, as it is more difficult or even
practically infeasible to place a thermistor on a polymer base, a silicon bases is
advantageous over a polymer base for preparing a glucose sensor that also includes a

thermistor.

13029] The present inventors discovered that the body temperature of a subject,
such as a human palient, varies with the glucose level in the subject. inone
embodiment, the body temperature drops when the blood glucose level in the subject

decraases.

{30306} Further, the change is the most significant when the subject is suffering
hypoglycemia or hyperglycemia. In the case of hypogivecemia, it is well recognized that
glucose sensors perform the pogrest at low level of blood glucose levels. in this
context, even a glucose sensor that can reliably and accurately measure the blood
glucose level when the level is above a hypoglycemia level, it may fail o detect a

hypogiycemia event. Unfortunately, hypoglycemia is the most dangerous condition a
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diabstic patient may expsrience. Therefore, any information that can help increase the

detection rate, or conversely decreasing the “missing rate” for hypoglycemia is valuable.

{0031} For the purpose of illustration only, the algorithm for integrating body
ismperature measurement in glucose sensing can be as follows. Let A denole a
hypoglvcemia event, B denote glucose > G_hypo myg/dL {(G_hypo is a predefined
glucose level used o Irigger hypogiycemia alarms), C denote temperature > T_hypo
(T _hypo is a predefined body temperature threshold used to trigger hypoglycemia

alarms). For glucose sensing only CGMs: the total probability of hypoglycemia event is:

P(AY = P(A and B} + P(A and *B) (1)
Thus, the percentage of missed hypoglycemia event will be:

Miss 1= P(A and B}/ P(A) = P(AIB) (&)
{0032} it is noted that in some marketed CGM product, Miss_1 = P(AIB) = 50%.
{0033} With the combined sensing CGM (using both low glucose level and low
tempearature to trigger alarms), Equation {1} can be rewritten as:

P(AY = P(A and B and C) + P{A and B and ~C) + P{A and "B) {3)
[0034] Then, the percentage of missed hypoglycemia event wili be:

Miss_2= P(A and B and CYP(A) = P(A and B) * P(CJA and BYP(A) =

10035] Therefore the combined CGM should always have less miss.

[0036] The present disclosure is not {0 be limited in lerms of the particular
embodiments described in this application. Many modifications and variations can be
made without departing from its spirit and scope, as will be apparent (o those skilled in
the art. Funclionally equivalent methods and apparatuses within the scope of the
disclosure, in addition to those enumerated herein, will be apparent {o those skilled in
the art from the foregoing descriptions. Such modifications and variations are intended

to fall within the scope of the appended claims. The present disclosure is {0 be limited

-7~
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only by the terms of the appended claims, along with the full scope of equivalents o
which such claims are entitled. itis o be understood that this disclosure is not limiled to
particular methods, reagents, compounds compositions or biological systems, which
can, of course, vary. itis also to be understood that the terminology used herein is for
the purpose of describing particular embaodiments only, and is not intended to be

Himiting.

§0037] in addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is
also thereby described in terms of any individual membaer or subgroup of mambers of

the Markush group.

[0038] As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein also
ancompass any and ali possible subranges and combinations of subranges thereof,
Any listed range can be easily recognized as sufficiently describing and enabling the
same range being broken down into at least equal halves, thirds, quarlers, fifths, tenths,
efe. As a non-limiting example, each range discussed hergin can be readily broken
down into a lowser third, middle third and upper third, efc. As will also be undersiood by
one skilied in the art all language such as “up to,” “at leasl,” “grealer than,” “less than,”
and the like include the number recited and refer to ranges which can be subsequently
broken down into subranges as discussed above. Finally, as will be understood by one
skilled in the art, a range includes sach individual member. Thus, for example, a group
having 1-3 particles refers to groups having 1, 2, or 3 particles. Similarly, a group
having 1-& particles refers to groups having 1, 2, 3, 4, or 5 particles, and so forth.

§0038] While various aspects and embodiments have been disclosed hearein,
other aspects and embaodiments will be apparent to those skilled in the art. The varicus

aspects and embodiments disclosed herein are for purposes of ilustration and are not
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intended to be limiting, with the true scope and spirit being indicated by the following

claims.

§0040] All references cited herein are incorporated by reference in their entirelies
and for all purposes o the same extent as if each individual publication, patent, or
patent application was specifically and individually incorporated by reference in iis

entirety for all purposes.
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WHAT IS CLAIMED I8

1. A glucose sensor comprising:
a biocompatible base; and
a working electrode, a reference electrode and a thermisior disposed on

the base.

2. The glucose sensor of claim 1, further comprising a counter electrode disposed

on the base.

3. The glucose sensor of claim 1 or 2, further comprising glucose oxidase disposed
on the base.
4. The glucose sensor of any of the preceding claims, wherein the base is

electrically insulating.

5. The glucose sensor of any of the preceding claims, wherein the base is made of

a material comprising silicon.

6. The glucose sensor of any of the preceding claims, wherein the working

slectrode comprises platinum black.

7. The glucose sensor of any of the preceding claims, wherein the reference

slectrode comprises silver chioride.

8. The glucose sensor of any of claims 2 to 7, wherein the counter electrode

comprises platinum black.

8. The glucose sensor of any of the preceding claims, wheregin the base has a
substantially flat surface, which is from about 8.05 mm o about 2 mm wide.

10.  The glucoss sensor of claim 8, wherein the base is from about .01 mm o about

1 mm thick.

~10-
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The glucose sensor of any of the preceding claims, wherein each of the

electrodes and the thermistor is connected o a controller.

The glucose sensor of claim 11, whergin the controller comprises &

MCTORrocessor.

The glucose sensor of claim 11 or 12, wherein the controller comprises an

electrical data storage unit.

The glucose sensor of any of claims 11 to 13, wherein the controller is connected

{0 8 wireless transmitler.

The glucose sensor of any of claims 11 to 14, further comprising a polymer

connector.

e
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