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FIGURE 1
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Figure 3
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COMBINED NON INVASIVE BLOOD
GLUCOSE MONITOR DEVICE

PRIOR APPLICATION INFORMATION

[0001] The instant application claims the benefit of U.S.
Provisional Patent Application 61/889,066, filed Oct. 10,
2013.

BACKGROUND OF THE INVENTION

[0002] Diabetesisa chronic disease, the treatment of which
requires significant healthcare resources. Based on the report
of The International Diabetes Federation (IDF), diabetes
affected 194 million people in 2003 and is projected to
increase to 333 million people in 2025. As diabetes
progresses, those inflicted with the disease develop other
complications, such as cardiovascular, renal, and eye condi-
tions which require more frequent hospitalizations and
increased monitoring of the patients. Because the diabetes
epidemic is growing so fast, the public health system is focus-
ing on preventing the continued growth of the high risk popu-
lation. Maintaining the proper glycaemia metabolic control is
the main goal of existing diabetes management models.
According to clinical guideline of the WHO, blood glucose
level should be measured at least 4 times per day for a normal
diabetes patient.

[0003] Currently, measuring arterial blood glucose level
requires the taking of blood from the finger. It is very uncom-
fortable and may cause infections. A non-invasive blood glu-
cose level testing device is desired.

SUMMARY OF THE INVENTION

[0004] According to one aspect of the invention, there is
provided a non-invasive method of determining blood glu-
cose level in a patient comprising: calculating dissipated heat
by measuring room temperature and body temperature of the
patient; calculating blood oxygen saturation; determining a
first glucose value using the calculated dissipated heat and the
blood oxygen saturation; calculating a glucose coefficient
using pulse wave analysis; and determining blood glucose
level using the first glucose value and the glucose coefficient.
[0005] In another aspect of the invention, there is provided
amethod of determining blood glucose level of an individual
comprising: determining body temperature of the individual,
determining blood oxygen saturation; calculating blood flow
for the individual using a pulse waveform from the individual,
calculating a body heat coefficient and a blood flow coeffi-
cient by comparing the waveform from the individual to at
least one waveform from a library of waveforms; and calcu-
lating the blood glucose level of the patient from the body
temperature, blood flow, oxygen saturation, body heat coef-
ficient and blood flow coefficient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 Distance of two waveforms. (a) and (d) in
FIG. 1 are two waveforms to compare. (b) point to point
differenced. (c) shows the point based warping result based
on dynamic time warping.

[0007] FIG. 2. Matrix of point to point distance between
two pulse waveforms.

[0008] FIG. 3 illustrates the pulse wave signal detected at
the finger.

[0009] FIG. 4 is a flow chart diagram of the device.
[0010] FIG. 5 is a flow chart diagram of the AD converter.
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[0011] FIG. 6 is an example showing measurements from
one patient.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0012] Unless defined otherwise, all technical and scien-

tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention belongs. Although any methods and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of the present invention, the preferred
methods and materials are now described. All publications
mentioned hereunder are incorporated herein by reference.
[0013] As discussed herein, the blood glucose level of a
patient is measured by using a pulse wave sensor to detect the
blood flow at the index finger and then tracking the strength of
the flow using pulse wave data. As discussed herein, to record
the pulse wave, patients were comfortably seated with the
right hand supported. A pulse wave sensor was applied to the
index finger of the right hand. Only the appropriate and stable
contour of the pulse wave was recorded, as discussed below.
As will be known to one of skill in the art, there are many
different accepted definitions of a stable waveform or stable
contour. For example, in some embodiments, a contour may
be considered stable when at least 10 consecutive contours
vary in height, shape and/or size by less than 5%. The
recorded pulse wave shape was analysed to extract the size of
each pulse, the distance between the pulses, and pulse wave
pattern-related information, as well as other information, dis-
cussed below. Specifically, the pulse wave data can be used to
calculate the blood flow of the patient and can also be used to
calculate coefficients used in the calculation of the blood
glucose level of the patient based on comparison to sample
waveforms within a library, as discussed below.

[0014] A temperature sensor was also applied to calculate
the thermal conductivity of theblood. It is of note that in some
embodiments, the temperature sensor is part of the pulse
oximeter or is attached thereto although this is not necessary
in all embodiments.

[0015] By making the above three measurements, the
patient’s blood glucose level can be calculated, as discussed
below.

[0016] As discussed herein, according to one aspect of the
invention, there is provided a non-invasive method of deter-
mining blood glucose level in a patient comprising: calculat-
ing dissipated heat by measuring room temperature and body
temperature of the patient; calculating blood oxygen satura-
tion; determining a first glucose value using the calculated
dissipated heat and the blood oxygen saturation; calculating a
glucose coeflicient using data obtained from a pulse wave of
taken from the patient using a pulse oximeter; and determin-
ing blood glucose level using the first glucose value and the
glucose coefficient.

[0017] In another aspect of the invention, there is provided
amethod of determining blood glucose level of an individual
comprising: determining body temperature of the individual,
determining blood oxygen saturation; calculating blood flow
for the individual using a pulse waveform from the individual,
calculating a body heat coefficient and a blood flow coeffi-
cient by comparing the waveform from the individual to at
least one waveform from a library of waveforms; and calcu-
lating the blood glucose level of the patient from the body
temperature, blood flow, oxygen saturation, body heat coef-
ficient and blood flow coefficient.
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[0018] The blood sugar concentration or blood glucose
level is the amount of glucose present in blood. The mean
normal level in humans is about 5.5 mM (5.5 mmol/L, or 100
mg/dL). The normal blood glucose level for non-diabetics
should be between 70 and 100 mg/dL.. The blood glucose
target range for diabetics should be 70-130 mg/dl. before
meals and less than 180 mg/dL after eating. Blood sugar
levels that are persistently high are referred to as hyperglyce-
mic and diabetes is characterized by persistent hyperglyce-
mia.

[0019] The oxidation of glucose supplies energy to cells
and also results in the emission of heat. Therefore, the quan-
tity of dissipated heat can be correlated to the quantity of
glucose and oxygen. Based on this, the metabolic heat con-
formation (MHC) has been developed to monitor blood glu-
cose level. The supplied oxygen can be calculated by the
blood oxygen level and blood flow rate. The quantity of
dissipated heat can be calculated by:

H-AGBEO)

where H is the quantity of dissipated heat, G is the glucose
level, BF is the blood flow rate and O is the degree of blood
oxygen saturation. If H, BF and O can be determined, glucose
level can also be calculated.

[0020] With the skin temperature and room temperature,
the transferred heat is

Ch(Ts-Ty)

Where C is the quantity of heat transferred, h_ is the coeffi-
cient of heat transferred by Convection, T is the absolute
temperature of the surface and T , is the ambient temperature.
[0021] The degree of blood oxygen saturation can be mea-
sured by a pulse oximeter. Therefore, the glucose level can be
calculated by the heat, blood flow rate and the blood oxygen
saturation. In some embodiments, the blood glucose level is
calculated using the following formula, although other suit-
able formulae may be used or may be derived by one of skill
in the art:

G=A+B*H+C*BF+D*0

Where:
[0022] G is the blood glucose level
[0023] A is the thread, which is a constant value incorpo-

rated into the equation. In one embodiment shown in the
examples, “A” is 0.2.

[0024] B is the body heat coefficient, which is determined
by comparing the waveform of the individual or patient to a
waveform in a library of waveforms that was taken from an
individual with the most similar age and body weight as the
patient;

[0025] H is the body temperature. In the embodiment
shown in the examples, H is the body temperature in degrees
Celsius minus 30 which provides the “absolute” body tem-
perature for this calculation;

[0026] C is the coefficient of blood flow which is also
calculated using a waveform from the library as discussed
below;

[0027] BF is the blood flow which is calculated from the
waveform data;
[0028] O is the blood oxygen level which is calculated

using the pulse oximeter; and

[0029] D is the coefficient of blood oxygen which is a
constant as shown in the examples.

[0030] However, this is the first calculation to obtain G,.
[0031] Furthermore, the pulse wave form extracted using
the pulse oximeter is also related to blood glucose level.
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Accordingly, the second calculation of glucose level coeffi-
cient C can be calculated using pulse wave analysis:

[0032] Since pulse data is two dimensional time serial data,
mining techniques for time serial data analysis can be applied
to the pulse data. The waveforms can be categorized based on
the similarity between the testing waveform (from the
patient) and from a plurality of well classified sample wave-
forms (for example from a library). As discussed above, these
waveforms may be classified according to age and weight of
the individuals from which they were taken or by other
means. Because the waveforms have same structure: taller
systolic component with lower diastolic component follow-
ing, the similarity calculation can achieve high accuracy. It
can be measured by the total distance of corresponding points
between the sample (or library) waveform and the testing (or
patient) waveform warping.

[0033] For example, FIG. 1 shows the distance of two
waveforms. Panels (a) and (d) are the two waveforms which
are being compared. Panel (b) shows point to point difference
while panel (c) shows the point based warping result based on
dynamic time warping. By determining the distance between
the two panels, the coefficient of blood flow can be deter-
mined, as discussed herein.

[0034] FIG. 2 is a matrix of point to point distance between
two pulse wave forms shown in FIG. 1.

[0035] A sample waveform is denoted as {x,(j),1sj=J}, and
an unknown frame of the signal as {x(i), 1=i<I}. The purpose
of the time warping is to provide a mapping between the time
indices iand j such that a time registration between the wave-
forms is obtained. We denote the mapping by a sequence of
points ¢=(i,j), between 1 and j as

M={c(k), 1=k<K}

where c(k)=(i(k),j(k)) and {x(i), 1 =i=1} is testing data, {x,(j),
1sj<1} is the template data.

[0036] Warping function finds the minimal distance
between two sets of data:

(k) =d(iR), JUN=pEED-x k)12

[0037] The smaller the value of d, the higher the similarity
between x(i)and x,(j)

[0038] The optimal path minimize the accumulated dis-
tance D

K
Dr= %; etk

where w(k) is a non-negative weighting coefficient.
[0039] To find the optimal path, the following calculation
needs to be performed:

D(c(k)=d(c(R)+min(D(c(k-1)))

where D(c(k)) represents the minimal accumulated distance
[0040] There are two restrictions for warping pulse wave:
[0041] 1. Monotonic Condition: i(k-1)<i(k) and j(k-1)
=j(k)
[0042] 2. Continuity condition: i(k)! i(k-1)=1 and j(k)I
jlk-1)=1
[0043] The symmetric DW equation with slope of 1 is:

Dtk = 1), jtk = 2)) + d(ith), jtk — 1))
DUtk - 1), jtk = 1)) +2d(c(k))
DGtk =2), jtk= 1)) + 2d(itk = 1, jik))

D(c(k)) = d(c(k)) + min
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[0044] The optimal accumulated distance is normalized by
(i4)) for symmetric form.

[0045] Based on each pulse wave category by distance
measurement, a related glucose coefficient C. will be deter-
mined.

[0046] Then, the adjusted glucose level is determined by:
G=Cc*G,

[0047] Method of Use

[0048] As will be appreciated by one of skill in the art, any

individual suffering from type 1 or type 1I diabetes or at risk
of developing diabetes, for example, because of familial his-
tory, life style or a genetic predisposition can use this system.
As discussed above, blood glucose level should be monitored
at least 4 times per day based on clinic guidelines. Signifi-
cantly and advantageously, the non-invasive blood glucose
level monitoring system described herein can be used without
causing discomfort to patients.

[0049] This blood glucose level monitoring system
includes two parts: atemperature sensor and a pulse oximeter.
The temperature sensor measures skin temperature and room
temperature. The temperature data is sent to the control unit
for further processing, as discussed above.

[0050] The pulse oximeter transmits infrared light and is
placed on the index finger of the right hand. The pulse wave
sensor detects the blood flow at the index finger and tracks the
strength of the flow as pulse wave data. When recording the
pulse wave, patients were comfortably seated with the right
hand supported; a pulse wave sensor was applied to the index
finger of the right hand. Only the appropriate and stable
contour of the pulse wave was recorded.

[0051] The data collected is transmitted to a general use
computer or to a dedicated control unit for analysis.

[0052] In some embodiments, the device has a USB con-
nection to a computer for data collection. In these embodi-
ments, data is transferred with transmit/receive buffers and
modem handshake signals at USB 2.0 full speed. The infrared
sensor at finger clip can monitor the transmittance of the
finger and generate byte values according to that.

[0053] In these embodiments, a time serial is collected at
the rate of 200 points per second. The calculation for time
interval between two points is based on this rate. The program
will link all the points as the graph of a pulse wave. Similar
waveforms with normal components (e.g. systolic compo-
nents and diastolic components) indicate that the waveforms
are stable and appropriate as discussed above and the device
is directed to stop receiving signals and instead to analyze the
data. Temperature data is also transmitted to the computer by
USE.

[0054] As will be appreciated by one of skill in the art, other
methods of recording, reporting and analyzing data known in
the art may be used.

[0055] For example, a smart phone with a Bluetooth pro-
tocol may be used to transfer pulse data and temperature data.
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[0056] 1In another example, the system includes two mod-
ules to handle data acquisition, transfer and local storage. The
calculated blood glucose information is then transmitted to a
Control Center for further action.

[0057] Theinvention will now be further illustrated by way
of examples. However, the invention is not necessarily lim-
ited by the examples.

EXAMPLE 1

[0058] The blood glucose level of a 38 year old patient is
calculated by measuring skin temperature (36.2 C) and
recording pulse wave data as described above, as shown in
FIG. 6.

[0059] 0.2 (thread, calculation adjustment constant)+0.8
(body heat coefficient, calculated by waveform comparison)
*6.2 (absolute skin temperature (36.2-30))+0.11 (blood flow
coefficient, calculated by waveform comparison)*7.2 (blood
flow rate, calculated by waveform analysis)+0.02 (blood oxy-
gen coefficient, constant)*98 (blood oxygen measured by
pulse oximeter)=7.912

[0060] Thus, using the above-described method, the calcu-
lated blood glucose value is 7.912 mmol/L. For comparison
purposes, a prior art invasive method was used and the mea-
sured glucose value by that method was determined to be 8.0
mmol/L.

[0061] While the preferred embodiments of the invention
have been described above, it will be recognized and under-
stood that various modifications may be made therein, and the
appended claims are intended to cover all such modifications
which may fall within the spirit and scope of the invention.

1. A non-invasive method of determining blood glucose
level in a patient comprising:

calculating dissipated heat by measuring room temperature

and body temperature of the patient;

calculating blood oxygen saturation;

determining a first glucose value using the calculated dis-

sipated heat and the blood oxygen saturation;
calculating a glucose coefficient using pulse wave analysis;
and

determining blood glucose level using the first glucose

value and the glucose coefficient.

2. A method of determining blood glucose level of an
individual comprising: determining body temperature of the
individual; determining blood oxygen saturation; calculating
blood flow for the individual using a pulse waveform from the
individual; calculating a body heat coefficient and a blood
flow coefficient by comparing the waveform from the indi-
vidual to at least one waveform from a library of waveforms;
and calculating the blood glucose level of the patient from the
body temperature, blood flow, oxygen saturation, body heat
coefficient and blood flow coefficient.
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