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Description

Field of the Invention

[0001] This invention relates to medicine and the treat-
ment of specified diseases and, in particular, to a method
of monitoring the glucose level in human and animal
blood using a non-invasive technique.

Background of the Invention

[0002] As is well known in medical circles, one of the
more important blood components to measure for diag-
nostic purposes is glucose, especially for diabetic pa-
tients. The well-known and typical technique for deter-
mining blood glucose concentration is to secure a blood
sample and apply that blood to an enzymatically medi-
cated colorimetric strip or an electrochemical probe. Gen-
erally, this is accomplished from a finger prick. For dia-
betic patients who may need to measure blood glucose
a few times a day, it can immediately be appreciated that
this procedure causes a great deal of discomfit, consid-
erable irritation to the skin and, particularly, the finger
being pricked, and, of course, infection.
[0003] For many years, there have been any number
of procedures for monitoring and measuring the glucose
level in humans and animals. These methods, however,
generally involve invasive techniques and, thus, have
some degree of risk, or at least some discomfit, to the
patient. Recently, some non-invasive procedures have
been developed, but still they do not always provide op-
timum measurements of the blood glucose. At present
there is no practical, confirmed solution.
[0004] Thomas (US Patent 5,119,819) teaches a non-
invasive method of monitoring blood glucose, but it is
based on only an acoustic velocity measurement based
on the two-way travel time of an ultrasound pulse.
[0005] Gozani (US Patent 5,771,891) discloses a non-
invasive method for blood analyte measurement. First,
there is electrical stimulation of an endogenous tissue
and then the detection of the resulting electrical response
to the stimulus. One embodiment shows electrical stim-
ulation of a hypoxic peripheral nerve, and then the de-
tection of the resulting Compound Action Potential else-
where along the nerve.
[0006] Cho (US Patents 5,795,305 and 5,924,996) us-
es combined temperature and measurements of either
infrared radiation or thermal conductivity to determine
the glucose concentration.
[0007] Chou (US Patents 5,941,821 and 6,049,728)
determines the blood glucose by a photoacoustic meas-
urement in which the acoustic pulse is generated by heat-
ing the patient’s skin with electromagnetic radiation.
[0008] In each of these prior art techniques, only one
(or in one case two) parameters are measured. Thus,
the possibility of an error is increased. The instant inven-
tion uses measurements of three distinct parameters to
determine the blood glucose level, thereby substantially

increasing the accuracy of the measurement. Moreover,
none of these prior art techniques utilize any measure-
ment of electrical conductivity and heat capacity, which
are two of the parameters measured in the instant inven-
tion.
[0009] Further, Engellau (WO 99/44495) teaches a
non-invasive method of monitoring blood glucose based
on the insight that blood sugar molecules have a dielectric
effect on, inter alia, sodium ions so that the electrical
impedance of a tissue with a high capillary blood flow
rate varies with blood sugar content within certain fre-
quency ranges. Engellau describes the determination of
the electrical impedance between two electric contact
surfaces on opposite sides of a body part having a high
capillary blood flow rate.
[0010] Nagar (WO 02/15776) teaches a non-invasive
in-vivo method for determining concentration of glucose
in a body using a photoacoustic assay and imaging sys-
tem. The described glucometer transmits ultrasound
through the bolus while the bolus is exposed to a light
pulse. During exposure, as glucose in the bolus absorbs
energy from the at least one light pulse, temperature of
the bolus rises and speed of sound in the bolus changes.
The glucose concentration is determined using doppler
ultrasound.
[0011] Buse (US 6,591,125) teaches an invasive blood
glucose measurement method, the rejection of unreliable
glucose values and the averaging of multiple glucose val-
ues in order to increase the accuracy of the described
measurement.
[0012] There is a need for a more accurate non-inva-
sive procedure for measuring glucose level, by means
of monitoring multiple parameters.

Summary of the Invention

[0013] This and other objects of the invention are ef-
fected by a method of monitoring or measuring the con-
centration of glucose level in human and animal blood
according to the claim 1 using a non-invasive technique,
which includes simultaneous measurements using three
or more different technologies, which support each other,
in order to achieve a more precise and reliable result.
Preferably, the method uses the combination of the three
technologies, as follows:

Measuring the speed of sound through the blood,
while inside the body,
Measuring the conductivity of the blood, by means
of electromagnetic inductance,
Measuring the heat capacity of the blood, by means
of changing the temperature of the measured vol-
ume.

[0014] Preferably, these measurements may be made,
for example, through the ear-lobe.
[0015] By determining three physical properties of a
patient’s blood, the concentration of glucose in the blood
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can be inferred. The specific physical properties that
need to be measured are acoustic velocity, electrical con-
ductivity and heat capacity.
[0016] The method can be used for:

1. Single test, using two or three technologies, or
2. Continuous test, using one, two or three technol-
ogies, or
3. A combination of (1) and (2) above.

Brief Description of the Drawings

[0017]

Figures 1 - 4 are a flow chart showing the method of
determining the glucose level with single measure-
ments of each parameter; and
Figure 5 is a flow chart showing the method of de-
termining the trend of glucose level with continuous
measurements of a single parameter.

Detailed Description of the Invention

[0018] The measurement concept is based on three
technologies: speed of sound through blood, conductivity
of the blood and heat capacity of the blood. In particular,
the method utilizes a combination of any one of the three
technologies, simultaneously or sequentially.
[0019] Firstly, there is a determination of:

the speed of sound through the blood, while inside
the body,
the conductivity of the blood, by means of electro-
magnetic inductance, and the heat capacity of the
blood, by means of changing the temperature of the
measured volume.

[0020] Preferably, these measurements may be made,
for example, through the ear-lobe. Thereafter, based on
the thus obtained parameters, the glucose level is calcu-
lated.
[0021] In Single Measurement Mode (SM), the device
starts the measurement sequence, using the three meth-
ods. The different results are analyzed and compared,
as described hereunder, in order to sum up the data and
display as well the combined result.
[0022] In Continuous Measurement Mode (CM), the
device starts as in SM, using the three methods. The
following routine measurements are based on a single
method, and done repeatedly in preset intervals. Once
every few measurements, or every certain period of time,
the device makes, automatically, a detailed measure-
ment, based upon all three measurements, and cali-
brates itself. This method is used also in order to bias
the following results.
[0023] The results of the different measurements are
checked against a predetermined tolerance window,
which checks the reliability of the combined result. Once

the different results meet the tolerances, the end result
is the weighted average of all the single measurements.
When the deviation of one or more of the measurement
results is out of the tolerance window, then the method
first checks, according to a tree of choices, whether the
deviation is acceptable, and if it is, it gives a final result.
If the deviation is not acceptable, the method dictates the
starting of a new measurement session. Such a case
occurs also if all the results are out of tolerance.
[0024] In the mode of continuous measurement, when
a single technology is used, a combined measurement
is done, automatically, at certain preset time intervals, in
order to compensate for drifts, and to recalibrate the re-
sult.
[0025] The speed of sound through the blood is related
to the concentration of the glucose within the blood. An
ultra sound signal is transmitted, for example, via the ear
lobe, hits an acoustic short in the other side and returns
to a receiving element. Based on the measurements, the
glucose level is then calculated in a known manner.
[0026] Further, the level of conductivity is a function of
the glucose level within the blood. An electromagnetic
signal with known parameters is induced, for example,
against the ear lobe, while the current level, caused by
the inductance, depends on the glucose level. The cur-
rent amplitude is measured, and analyzed, in order to
conclude the Glucose level.
[0027] The heat capacity of a solution, blood in our
case, is a function of its ingredients. A known amount of
energy is applied, for example, to the ear lobe, and caus-
es a change in its temperature. The intensity of the gra-
dient is a function of the glucose level, since it is the
dominant varied ingredient. This intensity is measured,
in order to correlate it with the glucose level.
[0028] Once the speed, conductivity and heat capacity
are determined, the glucose level is calculated based on
the measurements of each of the three parameters.
Then, the three glucose values are evaluated to see if all
three values are the same within a stated tolerance level.
If they are, the glucose level is finalized based on a
weighted average of the three glucose values. In the
event one result is out of tolerance, then the other two
are checked against a tighter tolerance; and, if they both
meet it, then the final result is calculated.
[0029] It may also be appreciated that the advantage
of the invention is achieved by measuring three param-
eters, instead of just one as the prior art generally does,
and then checking to see if the measurements are within
certain tolerances, followed by calculating a weighted av-
erage. It is for only illustrative purposes that mention is
made of the specific parameters, i.e. speed of sound,
conductivity and heat capacity. If non-invasive measure-
ments of other parameters were used and the results
were checked to ensure they were within acceptable tol-
erances, followed by calculating the weighted average,
this too would come within the scope of the invention. In
this manner, the method of the invention would work pre-
cisely the same. Among the other parameters that can
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be measured in a non-invasive manner are: acoustic im-
pedance, electrical/magnetic coefficient, thermal con-
ductivity, elasticity, blood density, specific gravity, polar-
ization coefficient, optical scattering, nuclear magnetic
resonance, analyte, blood and body temperature, the ef-
fects of thermal waves, the infrared radiation naturally
emitted from the body, responses by the tissue to a stim-
ulus, and electrical properties, such as electromotive
force or current. Thus, the invention contemplates using
not just the measurements of speed of sound, conduc-
tivity and heat capacity, but even just one or two of these
parameters along with measurements of one or two other
parameters, or even using three other parameters en-
tirely. The essence of the invention is non-invasive meas-
urements of 3 parameters, and it is not material which
parameters are used, so long as they are parameters
from which the glucose level can be determined.
[0030] The method has two operational modes: singu-
lar and continuous measurements. In the singular mode,
a single measurement is taken (for all three methods). If
the results are within a pre-determined tolerance window,
than the measurements are finished, otherwise, the proc-
ess is repeated. In the continuous mode, the first meas-
urement is done by using all three methods, and then,
repeatedly, only a single technology (for example, just
the acoustic) is used, in order to measure the trend,
based on the first (combined) measurement as a refer-
ence. The rate is predetermined by the user (if he prefers
a period other than the default), and can be preset, for
example, between 10 minutes to 2 hours or so. In the
continuous mode, every constant period of time (proba-
bly in the order of two hours or so), or after a predeter-
mined number of measurements are taken, a self cali-
bration process is done, by (automatically) using all three
technologies, and biasing the results to a more precise
one.
[0031] Tolerances may be determined in one of two
manners. One way is a comparison between the results
of the different measurements and checking the deviation
in between, to be limited to a certain percentage (prob-
ably in the order of 10% or 15% or so). A second way is
checking the deviation between each result and the pre-
vious one. In this case the deviation level is a function of
the time between measurements. Orders here may vary
between about 20% for a short period of time, to about
50% (and even more) for a longer period.
[0032] For Singular Measurement, the method re-
quires independent measurements of the 3 different pa-
rameters. Each result is multiplied by its relevant calibra-
tion factor (calculated off line), in order to bring all the
results to the same measured units (namely: mg/dl).
Then, the results are compared. If all three results are
similar, within a certain tolerance window (for example:
Result 1 = Result 2 � 10%, and Result 2 = Result 3 �
10%, and Result 1 = Result 3 � 10%), then the weighted
average final result will be calculated as: Final Result =
(Result 1 x Relative Weight 1) + (Result 2 x Relative
Weight 2) + (Result 3 x Relative Weight 3). If only 2 meas-

urements give similar results, while the third one is out
of the tolerance window, then the algorithm checks if the
two similar results are within a narrower tolerance win-
dow (for example, 5%). If this is the case, the final result
will be the weighted average of these two results, while
a counter (relating to the third method) will increase its
state by one. When the counter reaches a certain limit,
a warning to the user is displayed, notifying of the problem
in the particular method, and asks the user to recalibrate.
In cases where the three methods give different readings
(all three are out of the wide tolerance window, or one
out of the wide window and two out of the narrow window),
the method automatically (without any involvement of the
user) repeats the measurement. If the problem repeats
for more then a certain amount of times, the routine warns
about the inability of measuring, and asks the user to
recalibrate.
[0033] The weight for each measurement depends on
the reliability of the specific measurement procedure.
These figures generally would be determined during clin-
ical tests. In situations where the 3 measurement proce-
dures are all equally reliable, then the weighted factors
would be identical, and equal to 1/3 (0.333...). The pur-
pose of the "relative weight" variable is to take into con-
sideration the fact that in some situations one measure-
ment may be more accurate than another due to the spe-
cific measurement procedure being used. For example,
if one measurement is more reliable than the others, it
can be given a higher weight (for example, 0.5), while
the others will receive (for example) 0.2 and 0.3 (the total
sum of the weights should sum up to 1, or 100%). By way
of example, assuming that all methods gave the same
reading (say, 95 mg/dl), therefore the final result will be:
0.5X95 + 0.2 X 95 + 0.3 X 95 = 95.
[0034] Whenever a legitimate result is present, the
method registers the result, under the file of the present
user, together with date and time of the result, and dis-
plays the result on a user’s screen.
[0035] For Continuous Measurement, the user dic-
tates the amount of measurements between Auto- Cali-
bration, and measurements are done repeatedly, using
a single (constant) method, at a preset rate. Every time
the measurements amount pass the preset figure, a full
measurement is done, using all three methods, as in the
singular measurement case. The same idea of register-
ing and displaying results is used in this process.
[0036] In Figures 1-4, there is a flowchart to illustrate
the Singular Measurement procedure. First (see Figure
1), one of the measurements is made 102, for example,
of the speed of sound, but it could be any parameter that
is measured in an non-invasive manner. Then, it is mul-
tiplied by any necessary calibration factor 104 and then
in some manner this value of the glucose level 106 is
recorded. This procedure is repeated for the other meas-
urements, i.e. electrical conductivity and heat capacity
or any other selected parameters that can be measured
by non-invasive means, so that there is a value for each
of the three parameters (steps 108 - 112 and 114 -118).
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[0037] At this point the routine checks to determine if
the glucose measurement of the first parameter is within
an acceptable deviation of the glucose measurement of
the second parameter 120. If it is, then it checks to de-
termine if the glucose measurement of the first parameter
is within an acceptable deviation of the glucose meas-
urement of the third parameter 122. In the event that
these two values are also close enough, then the routine
checks to determine if the glucose measurement of the
second parameter is within an acceptable deviation of
the glucose measurement of the third parameter 124.
[0038] (Hereinafter, for easy of terminology in describ-
ing the flowchart, when the term "first measurement" is
use it means "glucose measurement of the first param-
eter," and similarly for the second and third measure-
ments.)
[0039] Upon determining that all three measurements
are within acceptable variations of each other, the weight-
ed average is calculated 126. This provides the user with
the final value of the glucose level, which may then be
recorded in any suitable manner for future reference 128.
This would conclude the single measurement procedure.
[0040] In the event the routine checks determines the
first measurement is not within an acceptable deviation
of the second measurement 200, then (see Figure 2) the
routine checks to see if the first measurement is within
an acceptable tighter deviation from the third measure-
ment 202. If they are not, now the second and third meas-
urements are compared to determine if the second meas-
urement is within the acceptable tighter deviation of the
third measurement 204. In the event that these two meas-
urements are also not within acceptable limits, there is a
situation where none of the three measurements are
within an acceptable deviation of the other two measure-
ments and the measurements cannot be used. A counter
is incremented by one to record the unsuccessful proce-
dure 206. If a predetermined number of failed routines
has not been reached 208, the routine returns to the be-
ginning (A) and repeats the entire procedure. If the pre-
determined number of unsuccessful routines is shown
by the counter, then, instead, the routine terminates 210
and the single measurement routine ends 212. A signal
is then generated to the user to re-calibrate the meas-
urement procedure for the entire routine.
[0041] In the event that when the routine determines
the first measurement is not within an acceptable devia-
tion of the second measurement, but (see Figure 2) the
routine then determines that the first measurement is
within the acceptable tighter deviation from the third
measurement, the weighted average is calculated with
the second measurement being weighted as zero, while
the other two measurements’ weights are increased re-
spectively (step 214). A counter is incremented to show
that the second measurement deviated too much from
the other measurements 216. This provides the user with
the final value of the glucose level, which may then be
recorded in any suitable manner for future reference 218.
This would conclude the single measurement procedure.

In the event that the counter now shows that there have
been too many measurements of the second parameter
which deviate by too much 220, a signal is generated to
the user to re-calibrate the measurement procedure for
the second parameter 222.
[0042] In the event that when the routine determines
the first measurement is not within the acceptable devi-
ation of the second measurement and the first measure-
ment is not within the acceptable tighter deviation of the
third measurement, but (see Figure 2) the routine then
determines that the second measurement is within the
acceptable tighter deviation from the third measurement,
the weighted average is calculated with the first meas-
urement being weighted as zero, while the other two
measurements’ weights are increased respectively (step
224). A counter is incremented to show that the first
measurement deviated too much from the other meas-
urements 226. This provides the user with the final value
of the glucose level, which may then be recorded in any
suitable manner for future reference 228. This would con-
clude the single measurement procedure. In the event
that the counter now shows that there have been too
many measurements of the first parameter which deviate
by too much 230, a signal is generated to the user to re-
calibrate the measurement procedure for the first param-
eter 232.
[0043] In the event that, when the routine determines
the first measurement is within the acceptable deviation
of the second measurement, but the routine then deter-
mines that the first measurement is not within the accept-
able deviation from the third measurement 300, then (Fig-
ure 3) the routine checks to determine if the second
measurement is within the acceptable tighter deviation
of the third measurement 302. In the event that these two
measurements are also not within acceptable limits, this
is also a situation where none of the three measurements
is within an acceptable deviation of the other two meas-
urements and the measurements cannot be used. A
counter is incremented by one to record the unsuccessful
procedure 304. If a predetermined number of failed rou-
tines has not been reached 306, the routine returns to
the beginning (A) and repeats the entire procedure. If the
predetermined number of unsuccessful routines is
shown by the counter 308, then, instead, the routine ter-
minates and the single measurement routine ends. A sig-
nal is then generated to the user to re-calibrate the meas-
urement procedure for the entire routine.
[0044] In the event that, when the routine determines
the first measurement is within the acceptable deviation
of the second measurement, but determines that the first
measurement is not within the acceptable deviation from
the third measurement, and then determines the second
measurement is within the acceptable tighter deviation
of the third measurement, the weighted average is cal-
culated with the first measurement being weighted as
zero, while the other two measurements’ weights are in-
creased respectively (step 310). A counter is increment-
ed to show that the first measurement deviated too much
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from the other measurements 312. This provides the user
with the final value of the glucose level, which may then
be recorded in any suitable manner for future reference
314. This would conclude the single measurement pro-
cedure. In the event that the counter now shows that
there have been too many measurements of the first pa-
rameter that deviated by too much 316, a signal is gen-
erated to the user to re-calibrate the measurement pro-
cedure for the first parameter 318.
[0045] In the event that when the routine determines
the first measurement is within the acceptable deviation
of both the second and third measurement, but deter-
mines that the second measurement is not within the
acceptable deviation from the third measurement 400,
the routine (Figure 4) checks to determine if the first
measurement is within the acceptable tighter deviation
from the third measurement 402. If they are not, now the
first and second measurements are compared to deter-
mine if the first measurement is within the acceptable
tighter deviation of the second measurement 404. In the
event that these two measurements are also not within
acceptable limits, there is a situation where none of the
three measurements are within an acceptable deviation
of the other two measurements and the measurements
cannot be used. A counter is incremented by one to
record the unsuccessful procedure 406. If a predeter-
mined number of failed routines has not been reached
408, the routine returns to the beginning (A) and repeats
the entire procedure. If the predetermined number of un-
successful routines is shown by the counter 410, then,
instead, the routine terminates and the single measure-
ment routine ends. A signal is then generated to the user
to re-calibrate the measurement procedure for the entire
routine.
[0046] In the event the routine determines that the first
measurement is within the acceptable tighter deviation
from the third measurement, the weighted average is cal-
culated with the second measurement being weighted
as zero, while the other two measurements’ weights are
increased respectively (step 412). A counter is incre-
mented to show that the second measurement deviated
too much from the other measurements 414. This pro-
vides the user with the final value of the glucose level,
which may then be recorded in any suitable manner for
future reference 416. This would conclude the single
measurement procedure. In the event that the counter
now shows that there have been too many measure-
ments of the second parameter which deviate by too
much 418, a signal is generated to the user to re-calibrate
the measurement procedure for the second parameter
420.
[0047] On the other hand, if the first measurement is
not within the tighter deviation from the third measure-
ment, then the first measurement is compared to the sec-
ond measurement to see if they are within the acceptable
tighter deviation 404. If they are, the weighted average
is calculated with the third measurement being weighted
as zero, while the other two measurements’ weights are

increased respectively (step 422). A counter is incre-
mented to show that the third measurement deviated too
much from the other measurements 424. This provides
the user with the final value of the glucose level, which
may then be recorded in any suitable manner for future
reference 426. This would conclude the single measure-
ment procedure. In the event that the counter now shows
that there have been too many measurements of the third
parameter which deviate by too much 428, a signal is
generated to the user to re-calibrate the measurement
procedure for the third parameter 430.
[0048] Figure 5 illustrates the procedure for Continu-
ous Measurement. First, using the Single Measurement
procedure, values are obtained for each of the three pa-
rameters. Then, the user must establish the number of
measurements before auto-calibration and the interval
between measurements (unless the user decides to use
the prior numbers) 502.
[0049] Now, the counter increments itself by one 504.
If the counter has now reached the number of measure-
ments for auto-calibration 506, the current session of the
Continuous Measurement routine ends and the routine
goes back to the Single Measurement procedure, so that
new values are obtained for each of the three parameters
and a new Continuous Measurement session can begin.
[0050] If it is not time for auto-calibration, then the se-
lected parameter (for example, the first parameter for
speed) is measured 508. It is multiplied by a calibration
factor 510 and the resulting glucose value is recorded in
any suitable manner 512. At this point, the routine counts
the time. When the proper time interval has occurred 514,
the routine goes back to the beginning (step 504) and
repeats the process.
[0051] The invention is described in detail with refer-
ence to a particular embodiment, but it should be under-
stood that various other modifications can be effected
and still be within the scope of the invention.

Claims

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

a. non-invasively measuring three distinct pa-
rameters of the body from which glucose level
can be calculated;
b. calculating the corresponding glucose level
for each of the three measurements;
c. comparing the three calculated glucose lev-
els; and
d.

1. if all three calculated glucose levels are
similar within a predefined tolerance level,
then calculating the final glucose level by
determining a weighted average of the three
calculated glucose levels; or
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2. if only two of the three calculated levels
are similar within a predefined tolerance lev-
el, then calculating the final glucose level
by determining a weighted average of only
the two similar calculated glucose levels.

2. The method according to claim 1, wherein the three
distinct parameters of the body are obtained by the
following steps :

a1. non-invasively measuring the speed of
sound through the blood of the patient;
a2. non-invasively measuring the electrical con-
ductivity of the blood of the patient;
a3. non-invasively measuring the heat capacity
of the blood of the patient; and
b. calculating the corresponding glucose level
for each of the measurements of the speed of
sound, electrical conductivity of the blood and
heat capacity of the blood.

3. A non-invasive method of determining the glucose
level according to Claim 2, further comprising the
steps of:

e. repeating the measurement of one of the pa-
rameters of either speed, conductivity or heat
capacity according to any one of the steps a1-
a3 herein;
f. calculating the corresponding glucose level for
the measurement of the parameter in step e
herein; and
g. periodically repeating steps a-d herein to con-
firm the accuracy of the glucose calculation.

4. A non-invasive method of determining the glucose
level according to Claim 2, wherein the speed of
sound is determined by means of measurements of
an ultra sound signal transmitted through the body.

5. A non-invasive method of determining the glucose
level according to Claim 2, wherein the electrical con-
ductivity of the blood is determined by means of elec-
tromagnetic inductance.

6. A non-invasive method of determining the glucose
level according to Claim 2, wherein the heat capacity
of the blood is determined by means of changing the
temperature of a measured volume.

7. A non-invasive method of determining the glucose
level according to Claim 1, further comprising the
steps of :

e. repeating the measurement of one of the pa-
rameters;
f. calculating the corresponding glucose level for
the measurement of the parameter in step e

herein; and
g. periodically repeating steps a-d herein to con-
firm the accuracy of the glucose calculation.

8. A non-invasive method of determining glucose level
according to Claim 1, wherein the three distinct pa-
rameters of the body from which glucose level can
be calculated are selected from the group consisting
of speed of sound though the body, conductivity,
heat capacity of the blood, acoustic impedance, elec-
trical/magnetic coefficient, thermal conductivity,
elasticity, blood density, specific gravity, polarization
coefficient, optical scattering, nuclear magnetic res-
onance, analyte, blood temperature, body tempera-
ture, the effects of thermal waves, the infrared radi-
ation naturally emitted from the body, responses by
the tissue to a stimulus, electrical properties, elec-
tromotive force and electric current.

9. A non-invasive method of determining glucose level
according to Claim 1 or 2, wherein the weight for
each calculated glucose level is based on the relia-
bility of the measurement of the corresponding pa-
rameter.

10. A non-invasive method of determining glucose level
according to Claim 3, wherein steps a-d are repeated
after a predetermined amount of time.

11. A non-invasive method of determining glucose level
according to Claim 3, wherein steps a-d are repeated
after a predetermined number of measurements.

12. A non-invasive method of determining glucose level
according to Claim 7, wherein steps a-d are repeated
after a predetermined amount of time.

13. A non-invasive method of determining glucose level
according to Claim 7, wherein steps a-d are repeated
after a predetermined number of measurements.

14. A non-invasive method of determining glucose level
according to Claim 1 or 2, wherein, if one of the cal-
culated glucose levels is not within the predefined
tolerance level, then checking the remaining two cal-
culated glucose levels to confirm they are within a
tighter tolerance range and then calculating the final
glucose level by determining the weighted average
of only the two similar calculated glucose levels.

15. A non-invasive method of determining glucose level
according to Claim 1 or 2, consisting of the additional
steps of:

incrementing a counter each time one of the cal-
culated glucose levels is not with the tolerance
level; and
recalibrating measurement procedure when the
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counter indicates a predetermined number of
times the calculated glucose level was not within
the tolerance level.

Patentansprüche

1. Nichtinvasives Verfahren zur Bestimmung des Blut-
zuckerspiegels eines Patienten, das die folgenden
Schritte aufweist:

a. nichtinvasives Messen drei eindeutiger Para-
meter des Körpers, aus denen der Zuckerspie-
gel berechnet werden kann;
b. Berechnen des entsprechenden Zuckerspie-
gels für jede der drei Messungen;
c. Vergleichen der drei berechneten Zuckerspie-
gel; und
d.

1. wenn alle drei berechneten Zuckerspie-
gel innerhalb einer vorgegebenen Toleranz
ähnlich sind, dann Berechnen des abschlie-
ßenden Zukkerspiegels durch Bestimmen
eines gewichteten Mittels der drei berech-
neten Zuckerspiegel; oder
2. wenn nur zwei der drei berechneten Spie-
gel innerhalb einer vorgegebenen Toleranz
ähnlich sind, dann Berechnen des abschlie-
ßenden Zukkerspiegels durch Bestimmen
eines gewichteten Mittels nur aus den zwei
ähnlichen berechneten Zuckerspiegeln.

2. Verfahren nach Anspruch 1, wobei die drei eindeu-
tigen Körperparameter durch die folgenden Schritte
erhalten werden:

a1. nichtinvasives Messen der Schallgeschwin-
digkeit durch das Blut des Patienten;
a2. nichtinvasives Messen der elektrischen Leit-
fähigkeit des Bluts des Patienten;
a3. Nichtinvasives Messen der Wärmekapazität
des Bluts des Patienten; und
b. Berechnen des entsprechenden Zuckerspie-
gels für jede der Messungen der Schallge-
schwindigkeit, der elektrischen Leitfähigkeit und
der Wärmekapazität des Bluts.

3. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 2, das ferner die folgen-
den Schritte aufweist:

e. Wiederholen der Messung des einen der Pa-
rameter, entweder der Geschwindigkeit, der
Leitfähigkeit oder der Wärmekapazität, nach ei-
nem der Schritte a1 - a3 hierin;
f. Berechnen des entsprechenden Zuckerspie-
gels für die Messung des Parameters in Schritt

e hierin; und
g. regelmäßiges Wiederholen der Schritte a - d
hierin, um die Genauigkeit der Zuckerberech-
nung zu bestätigen.

4. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 2, wobei die Schallge-
schwindigkeit mit Hilfe von Messungen eines Ultra-
schallsignals bestimmt wird, das den Körper durch-
läuft.

5. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 2, wobei die elektrische
Leitfähigkeit des Bluts mit Hilfe der elektromagneti-
schen Induktanz bestimmt wird.

6. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 2, wobei die Wärmeka-
pazität des Bluts mit Hilfe der Änderung der Tempe-
ratur eines gemessenen Volumens bestimmt wird.

7. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 1, das ferner die folgen-
den Schritte aufweist:

e. Wiederholen der Messung eines der Parame-
ter;
f. Berechnen des entsprechenden Zuckerspie-
gels für die Messung des Parameters in Schritt
e hierin; und
g. regelmäßiges Wiederholen der Schritte a - d
hierin, um die Genauigkeit der Zuckerberech-
nung zu bestätigen.

8. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 1, wobei die drei eindeu-
tigen Körperparameter, aus denen der Zuckerspie-
gel berechnet werden kann, aus der Gruppe ausge-
wählt werden, die besteht aus: der Schallgeschwin-
digkeit durch den Körper, der Leitfähigkeit, der Wär-
mekapazität des Bluts, der akustischen Impedanz,
dem elektrischen/magnetischen Koeffizienten, der
Wärmeleitfähigkeit, der Elastizität, der Blutdichte,
des spezifischen Gewichts, des Polarisationskoeffi-
zienten, der optischen Streuung, der Kernspinreso-
nanz, des Analyts, der Bluttemperatur, der Körper-
temperatur, der Einflüsse von thermischen Wellen,
der natürlicherweise von dem Körper emittierten In-
frarotstrahlung, Reaktionen des Gewebes auf einen
Reiz, elektrische Eigenschaften, eine elektromotori-
sche Kraft und elektrischen Strom.

9. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 1 oder 2, wobei das Ge-
wicht jedes berechneten Zuckerspiegels auf der Zu-
verlässigkeit der Messung des entsprechenden Pa-
rameters basiert.
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10. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 3, wobei die Schritte a -
d nach einem vorgegebenen Zeitbetrag wiederholt
werden.

11. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 3, wobei die Schritte a -
d nach einer vorgegebenen Anzahl von Messungen
wiederholt werden.

12. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 7, wobei die Schritte a -
d nach einem vorgegebenen Zeitbetrag wiederholt
werden.

13. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 7, wobei die Schritte a -
d nach einer vorgegebenen Anzahl von Messungen
wiederholt werden.

14. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 1 oder 2, wobei, wenn
einer der berechneten Zuckerspiegel nicht innerhalb
der vordefinierten Toleranz liegt, die restlichen zwei
berechneten Zuckerspiegel geprüft werden, um zu
bestätigen, dass sie innerhalb eines engeren Tole-
ranzbereichs liegen, und dann der abschließende
Zuckerspiegel berechnet wird, indem das gewichte-
te Mittel nur der zwei ähnlichen berechneten Zuk-
kerspiegel bestimmt wird.

15. Nichtinvasives Verfahren zur Bestimmung des Zuk-
kerspiegels nach Anspruch 1 oder 2, das aus den
folgenden zusätzlichen Schritte besteht:

jedes Mal, wenn einer der berechneten Zucker-
spiegel nicht innerhalb der Toleranz ist, Inkre-
mentieren eines Zählers; und
Neukalibrieren des Messverfahrens, wenn der
Zähler eine vorgegebene Anzahl von Malen an-
zeigt, dass der berechnete Zuckerspiegel nicht
innerhalb der Toleranz war.

Revendications

1. Procédé non invasif pour déterminer le taux sanguin
de glucose chez un patient, comprenant les étapes
consistant à :

a. mesurer de manière non invasive trois para-
mètres distincts du corps à partir desquels le
taux de glucose peut être calculé ;
b. calculer le taux de glucose correspondant
pour chacune des trois mesures ;
c. comparer les trois taux de glucose calculés ;
et
d.

1. si tous les trois taux de glucose calculés
sont similaires à l’intérieur d’une plage de
tolérance prédéfinie, alors calculer le taux
de glucose final en déterminant une moyen-
ne pondérée des trois taux de glucose
calculés ; ou
2. si seulement deux des trois taux calculés
sont similaires à l’intérieur d’une plage de
tolérance prédéfinie, alors calculer le taux
de glucose final en déterminant une moyen-
ne pondérée des deux taux de glucose cal-
culés similaires seulement.

2. Procédé selon la revendication 1, dans lequel les
trois paramètres distincts du corps sont obtenus par
les étapes suivantes consistant à :

a1. mesurer de manière non invasive la vitesse
du son à travers le sang du patient ;
a2. mesurer de manière non invasive la conduc-
tivité électrique du sang du patient ;
a3. mesurer de manière non invasive la capacité
thermique du sang du patient ; et
b. calculer le taux de glucose correspondant
pour chacune des mesures de vitesse du son,
de conductivité électrique du sang et de capacité
thermique du sang.

3. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 2, comprenant en outre
les étapes consistant à :

e. répéter la mesure de l’un des paramètres, soit
la vitesse, soit la conductivité, soit la capacité
thermique, conformément à l’une quelconque
des présentes étapes al-a3 ;
f. calculer le taux de glucose correspondant pour
la mesure du paramètre dans la présente étape
e ; et
g. répéter périodiquement les présentes étapes
a-d pour confirmer la précision du calcul du glu-
cose.

4. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 2, dans lequel la vitesse
du son est déterminée au moyen de mesures d’un
signal ultrasonore transmis à travers le corps.

5. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 2, dans lequel la con-
ductivité électrique du sang est déterminée au
moyen d’une inductance électromagnétique.

6. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 2, dans lequel la capacité
thermique du sang est déterminée par le change-
ment de température d’un volume mesuré.
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7. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 1, comprenant en outre
les étapes consistant à :

e. répéter la mesure de l’un des paramètres ;
f. calculer le taux de glucose correspondant pour
la mesure du paramètre dans la présente étape
e ; et
g. répéter périodiquement les présentes étapes
a-d pour confirmer la précision du calcul du glu-
cose.

8. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 1, dans lequel les trois
paramètres distincts du corps à partir desquels le
taux de glucose peut être calculé sont choisis dans
le groupe constitué par la vitesse du son à travers
le corps, la conductivité, la capacité thermique du
sang, l’impédance acoustique, le coefficient électri-
que/magnétique, la conductivité thermique, l’élasti-
cité, la densité du sang, la masse volumique, le coef-
ficient de polarisation, la dispersion optique, la réso-
nance magnétique nucléaire, un analyte, la tempé-
rature du sang, la température du corps, les effets
d’ondes thermiques, le rayonnement infrarouge na-
turellement émis par le corps, les réponses d’un tissu
à un stimulus, les propriétés électriques, la force
électromotrice et le courant électrique.

9. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 1 ou la revendication 2,
dans lequel le coefficient de pondération pour cha-
que taux de glucose calculé est basé sur la fiabilité
de la mesure du paramètre correspondant.

10. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 3, dans lequel les étapes
a-d sont répétées après une période de temps pré-
déterminée.

11. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 3, dans lequel les étapes
a-d sont répétées après un nombre de mesures pré-
déterminé.

12. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 7, dans lequel les étapes
a-d sont répétées après une période de temps pré-
déterminée.

13. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 7, dans lequel les étapes
a-d sont répétées après un nombre de mesures pré-
déterminé.

14. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 1 ou la revendication 2,
dans lequel, si l’un des taux de glucose calculés ne

se situe pas à l’intérieur d’une plage de tolérance
prédéfinie, alors les deux taux de glucose calculés
restants sont vérifiés pour confirmer qu’il se trouvent
à l’intérieur d’une plage de tolérance plus étroite, et
le taux de glucose final est calculé par détermination
de la moyenne pondérée des deux taux de glucose
calculés similaires seulement.

15. Procédé non invasif pour déterminer le taux de glu-
cose selon la revendication 1 ou la revendication 2,
comprenant les étapes supplémentaires consistant
à :

incrémenter un compteur à chaque fois que l’un
des taux de glucose calculés ne se trouve pas
à l’intérieur de la plage de tolérance; et
réétalonner la procédure de mesure quand le
compteur indique un nombre prédéterminé de
fois où le taux de glucose calculé n’était pas situé
à l’intérieur de la plage de tolérance.
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