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(54) Non-invasive method for estimating of the variation of the clucose level in the blood of a 
person and apparatur for carrying out the method

(57) For the estimation of the variation of the glucose
level in the blood of a person the present invention uses
the variation of the volume of the interstitial fluid com-
partments in muscular tissue due to a shift of fluid be-
tween the extracellular and intracellular compartments
caused by variations of the osmotic pressure of the ex-
tracellular fluids which is in turn correlated with the glu-
cose level. The variation of the volume of the interstitial
fluid compartments is detected by means of a non-inva-
sive conductometry measurement using electrodes
placed in contact with the skin of the person overlying a
portion of soft tissue including muscular fibers. To elim-

inate the adverse effect of the conductivity of the capillary
vessels the invention measures the conductivity of the
tissue independently in two directions, namely parallel
and transverse to the muscular fibers. Because of the
chaotic orientation of the capillary vessels, a variation of
the conductivity caused by a variation of the volume of
the vessels should be almost equal in both measuring
directions. On the other hand, the conductivity parallel to
the muscular fibers is in a larger scale determined by the
volume of the interstitial fluid than transverse to the mus-
cular fibers. A variation of the volume of the interstitial
compartment thereby has a greater effect on the conduc-
tivity parallel than transverse to the muscular fibers.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a noninvasive
method for estimating of the variation of the glucose level
∆G in the blood of a person and to an apparatus for car-
rying out the method.

PRIOR ART

[0002] At present, a variety of methods and devices
for the non-invasive estimation of blood glucose level are
known: laser-light scattering and absorption, combina-
tional (Raman) scattering (patents US 7054514,
7454429, 5448992), nuclear magnetic resonance (NMR)
methods (US 7295006) and impedance spectroscopy
(patents US 2002/0155615, RU 2001/115028). The
measuring devices based on such technologies have and
most likely will still have a high prime cost and hence a
high price non-affordable for an individual consumer.
[0003] As affordable and thus promising methods for
mass consumption, despite of, strictly speaking, indirect
character of blood glucose level estimation, impedance
or conductometry methods have been considered. Such
methods postulate the presence of a connection between
the electrical quantities of tissues and the glucose con-
centration in blood. However, electric parameters of na-
tive tissues are directly dependent not only on glucose
or other substances maintenance, but also on the con-
dition of their hydration. Despite of all such known phys-
iological mechanisms, there are still no good and reliable
non-invasive glucometers working on the basis of a con-
ductivity measurement.

DISCLOSURE OF THE INVENTION

[0004] It is therefore an object of the present invention
to provide a reliable method for the non-invasive estima-
tion of the variation of the glucose level in the blood of a
person based on a conductometry method. It is a further
object of the invention to provide a low cost apparatus
for carrying out the inventive method.
[0005] These and other objects are achieved by the
method of claim 1 and the apparatus of claim 9. Preferred
ways of carrying out the invention and preferred embod-
iments of the inventive apparatus are defined in the de-
pendent claims.
[0006] For the estimation of the variation of the glucose
level in the blood of a person the present invention uses
the variation of the volume of the interstitial fluid com-
partments in muscular tissue due to a shift of fluid be-
tween the extracellular and intracellular compartments
caused by variations of the osmotic pressure of the ex-
tracellular fluids which is in turn correlated with the glu-
cose level. The extracellular fluids include, besides the
interstitial fluid, the blood and lymphe. The glucose level
in all such fluids is almost identical.

[0007] The osmotic pressure of biological fluids in bi-
ological compartments depends on the concentration of
substances which are both osmotically active and poorly
permeable for plasmatic membranes. Such substances
accumulate in one of compartments and equalize the os-
molarity level to their own advantage by means of redis-
tribution of water between the compartments. Such sub-
stances "pull on water". Glucose is one of these sub-
stances in the human body. Membranes of cells have
low permeability for glucose. Glucose stays in the extra-
cellular compartments and gets into the cells only with
an essential delay.
[0008] The variation of the glucose level in the extra-
cellular fluids including the blood plasma is very dynamic.
The classical physiological explanation why an organism
does not create a mobile power reserve in the form of
glucose dissolved in blood, is as follows: the dissolved
glucose strongly lifts the osmotic pressure of blood. So,
taking into account that tissue fluids of an adult organism
contain about 15 g of glucose, it is only enough to supply
the organism with power for no more than several tens
of minutes. The same figure from the osmotic pressure
point of view count up to 5-6 mM/I (mM/I stands for Mil-
limol per liter) from approximately 300, i.e. reaches 2 %.
Exactly within the accuracy of 2 % the osmotic pressure
uniformity is maintained in our organism: in case the os-
molarity of blood plasma gets a variation limit of more or
less than 2 %, the organism initiates mechanisms of pres-
ervation or deducing of water: the formed secondary
urine becomes either essentially hypo- or hyperosmolar.
On the other hand, except for exclusive cases of profuse
diarrheas, vomit, taking diuretic medicine and the like,
we take more than 400g of glucose in the form of carbo-
hydrates per day, at least 2,5 mol. As a result, glucose
in blood "renovates" 25-30 times a day and is very dy-
namic.
[0009] On the other hand, within the cells the concen-
tration of glucose is supported at a rather stable and low
level: 1 - 1,2 mM/l. After getting into a cell, the glucose
molecule phosphorylates and becomes glucose-6-phos-
phate which in turn either "burns down" in reactions of
glycolysis or polymerise forming high-molecular glyco-
gen.
[0010] Actually, the same laws are true in case of an
osmolarity increase of the extracellular compartment due
to any another, non "glucose" factor. Sodium is such a
factor for example. However, in order to raise the osmo-
larity of plasmas by 2 % by means of sodium, it is nec-
essary to eat approximately 2,5-3 g of sodium chloride -
a half of daily norm! In usual conditions we do not eat
several grams of table salt and we do not loose electro-
lytes in same quantities during several tens of minutes.
But a usual meal - just one fancy cake - leads exactly to
the above mentioned changes of extracellular compart-
ment osmolarity in the most usual ("regular") and not "ex-
clusive" situations. Free amino acids get into the blood
and are utilized from it so that their concentration is main-
tained in the blood at a mM/l level with a high constancy,
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and fat acids form colloids and so also "hide" their osmotic
pressure, being almost absolutely absent in blood in form
of free molecules. Mineral components of the extracel-
lular fluids amount the main quota of their osmotic pres-
sure level- more than 95 % - but they are rather stable
in the maintenance in a living organism and their daily
circulation is insignificant. A number of examples can be
continued, but the conclusion is clear: mainly glucose is
in charge of variable component of blood and other ex-
tracellular fluids osmotic pressure daily range.
[0011] In result, glucose in the cells is maintained at a
rather constant level, and outside of the cells, it essen-
tially changes. It leads to fluctuations of interstitial com-
partment volume: glucose grows and the volume of in-
terstitial fluids grows as well by water moving from cells
to the extracellular compartment, equalizing the osmotic
pressure of biological fluid inside and outside the cell.
[0012] The variation of the volume of the interstitial fluid
compartments is detected according to the invention by
means of a non-invasive conductivity measurement us-
ing electrodes placed in contact with the skin of the per-
son overlying a portion of soft tissue including muscular
fibers.
[0013] The conductivity measurements are carried out
at least with an alternating current having a relatively low
frequency of 1 x·104 Hz - 5·x 104 Hz. Owing to the high
active and capacitance resistance of cell membranes,
currents of such frequency are mainly ionic currents
which spread mainly along the extracellular space envel-
oping cells and other membranous structures. Their size
depends on the eletrolytic composition of the extracellu-
lar fluid and the size of its volume or effective sectional
area. Dehydrated, freeze-dried tissues are electric insu-
lators and in practice do not carry electrical current.
[0014] The blood and lymphe components of the ex-
tracellular fluid flow in vessels. A part of the measured
conductivity is thereby due to the conductivity of the ves-
sels which are mainly capillary vessels in the tissue of
interest for the present invention (such as cross-striped
muscles in particular). However, in the human body the
volume of the vessels is controlled by various physiolog-
ical mechanisms of reflex and humoral regulation which
support the constancy of the volume of blood circulating
in vessels and does not, unlike the volume of the inter-
stitial component, correlate with the osmotic pressure
and the glucose level.
[0015] To eliminate the adverse effect of the conduc-
tivity of the capillary vessels the invention measures the
conductivity of the tissue independently in two directions,
namely parallel and transverse to the muscular fibers.
Because of the chaotic orientation of the capillary ves-
sels, a variation of the conductivity caused by a variation
of the volume of the vessels should be almost equal in
both measuring directions. On the other hand, the con-
ductivity parallel to the muscular fibers is in a larger scale
determined by the volume of the interstitial fluid than
transverse to the muscular fibers. A variation of the vol-
ume of the interstitial compartment thereby has a greater

effect on the conductivity parallel than transverse to the
muscular fibers.
[0016] Using such relationships the invention assumes
a variation of the volume of the interstitial compartment
to have been effected (by a variation of the osmotic pres-
sure and in turn by a variation of the glucose level in the
interstitial fluid) within a given period of time ∆t if the rel-
ative change of the conductivity measured parallel to the
muscular fibers is larger or smaller than the relative
change of the conductivity measured transverse to the
muscular fibers. No such change is assumed, if the rel-
ative changes of the conductivity measured parallel and
transverse to the muscular fibers are almost identical. In
the latter case, the relative changes in conductivity are
attributed to changes of the volume of the vessels only.
[0017] If the relative change of the conductivity meas-
ured parallel to the muscular fibers is larger than the rel-
ative change of the conductivity measured transverse to
the muscular fibers than a positive variation of the glu-
cose level in the interstitial fluid is assumed. If the relative
change of the conductivity measured parallel to the mus-
cular fibers is smaller than the relative change of the con-
ductivity measured transverse to the muscular fibers than
a negative variation of the glucose level in the interstitial
fluid is assumed.
[0018] The absolute value of the change of the glucose
level is estimated to be in the range of 0.15 - 1.0 PM / I sec.
[0019] The above conductivity changes can be meas-
ured with sufficient accuracy within a measuring time in-
terval ∆t of not more than 15 sec , in particular within 2 -
12 sec.
[0020] There is another adverse effect on the meas-
ured conductivities by the contact resistance of the elec-
trodes and the skin surface. Such resistance unfortunate-
ly also depends on the blood glucose concentration. An
increase of the blood glucose level leads to an increase
of the contact resistance by raising the skin surface dry-
ness. Perspiration and hydratation become reduced. As
a result, the measured conductivity increases as a result
of the extracellular fluid volume increase but decreases
as a result of the increased contact resistance.
[0021] To eliminate the influence of the contact resist-
ance the invention uses a tetrapolar electrode scheme
with a pair outer and a pair of inner electrodes. Current
is applied to one pair of such electrodes (preferably to
the outer pair) while the voltage is measured between
the other pair of electrodes. The elimination of the influ-
ence of the contact resistance is due to the fact, that the
contact resistances of both pairs of electrodes and the
skin surface are almost equal and compensate each oth-
er. Tetrapolar electrodes are of course used for both
measurements parallel and transverse to the muscular
fibers.
[0022] According to a preferred way of carrying out the
invention, the conductometry measurements are carried
out additionally with a second alternating current having
a relatively high frequency in the range of 0.5 x·106 Hz -
5·x 106 Hz. Currents of such frequency are mainly biasing
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currents as plasmolemmas are almost transparent for
them and the size of such currents depends on the ef-
fective sectional area of all tissue fluid, intracellular and
extracellular. The additional high frequency measure-
ments are also carried out parallel and transverse to the
muscular fibers of the same tissue of the person and also
using the tetrapolar electrodes.
[0023] The measured relative changes of the high fre-
quency conductivity are used to obtain a more precise
estimation of the variation of the glucose level: It is as-
sumed that there is a greater variation of the glucose
level (that has generally been detected by the low fre-
quency measurements) within the period of time ∆t if a
relative change of the conductivity measured parallel to
the muscular fibers larger or smaller than the relative
change of the conductivity measured transverse to the
muscular fibers can also be "seen" in the high frequency.
Otherwise, that is when such difference does not occur
in the high frequency, the change of the glucose level is
assumed to be smaller.
[0024] The absolute values of the changes of the glu-
cose level is estimated to be in the range of 0.15 - 0.5
PM / I sec for the small variation case and in the range
of 0.3 - 1.0 PM / I sec in the larger variation case.
[0025] In comparsion with the low frequency measure-
ments, the high frequency measurements are less sen-
sitive to variations in the extracellular fluid in relation to
all tissue fluid. On the other hand, the electrode/skin-
contact is less critical.
According to a further preferred way of carrying out the
invention, the temperature of the portion of tissue is ad-
ditionally measured by means of a temperature sensor
in contact with the skin to be able to correct the measured
conductivity values for their temperature dependence.
[0026] Generally, the specific conductivity of electro-
lytes such as biological fluids depends on temperature:
if the temperature rises, ionic conductivity grows. Now,
growth of glucose in blood initiates emission of insulin
which is the basic anabolic hormone. The catabolic re-
actions are temporarily oppressed and as a result, the
body temperature decreases. This has a decreasing ef-
fect on the conductivity which effect is contrary to the
increasing effect of the glucose on the conductivity
caused by the extracellular fluid compartment volume
growth.
[0027] The invention accounts for this effect by meas-
uring the temperature of the skin in the vicinity of the
measuring spot with a temperature sensor and by intro-
ducing a temperature correction factor to the measured
levels of conductivity. Different temperature correction
factors are used for the conductivity value correction at
high and low frequencies. High frequency conductivity is
reduced by 1.5 - 2.5 % per °C temperature decrease,
while the low frequency conductivity is reduced more
than 2 times in relation to high frequency conductivity.
The temperature correction factor for the low frequency
counts up to 4.5 - 6.5 % per °C.
[0028] For the result of the measurements to be relia-

ble the ambient temperature should not be to extreme
(for example lower - 5°C or higher 25°C) and should also
not vary to much within a short time. A second temper-
ature sensor can be used for measuring the ambient tem-
perature and for producing a warning signal in such cases
for example.
[0029] The ranges of frequencies suitable for the
present invention have been given above to be between
1 x·104 Hz - 5 x·104 Hz for the low frequency and between
0.5 x·106 Hz - 5 x·106 Hz for the high frequency. Lowering
the low frequency to less than 10 KHz has severe restric-
tions due to the polarization of electrodes and a depend-
ence of the impedance on the quality of tissue-electrode
contact. Increasing the high frequency up to 10 MHz and
more leads to inductive and capacitor (jet) disturbances:
the conductivity depends on the position of surrounding
elements, their size and conductivity.

SHORT DESCRIPTION OF THE DRAWINGS

[0030] Embodiments and preferred ways of carrying
out the invention shall be described in the following with
reference to the accompanying drawings, wherein:

Fig. 1 is a block diagram of the present invention
having two conductivity sensors;

Fig. 2 is a time diagram showing a measuring cy-
cle;

Fig. 3 is a diagrammatic representation of either
one of the two conductivity sensors of the
apparatus of Fig. 1;

Fig. 4 is a representation of the preferred relative
geometrical arrangement of the electrodes
of the two conductivity sensors;

Fig. 5 is a representation of an arm of a patient with
at least a part of the apparatus of Fig. 1 at-
tached thereto by means of a cuff; and

Fig. 6 -8 are time diagrams showing the variation of
the glucose level of three patients obtained
in accordance with the present invention in
comparison with data obtained by a conven-
tional invasive measuring system.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0031] The apparatus of Fig. 1 comprises: a digital sig-
nal processor (DSP) 1, a random access memory (RAM)
2, a read-only memory (ROM) 3, a computer input - output
(Interface RS232) 4, an analog-to-digital converter
(ADC) 5, a multiplexer (MUX) 6, a quadrature detector
7, a double-frequency oscillator 8, a digital potentiometer
9, a current sensor 10, two conductivity sensor switches
11 a and 11 b, two difference amplifiers 12,/1 and 12/2,
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two sensors of conductivity 13 and 14 and two temper-
ature sensors 15 and 16. The digital signal processor 1
operates the process of measurement, accepts the re-
sults of measurements coming from the analog-to-digital
converter 5, makes preliminary processing of signals and
transfers them to a an external computer or PDA (not
shown and being not an integral part of the apparatus)
through interface 4. The processor operating program is
stored in the reprogrammable read-only memory (ROM)
3.
[0032] The apparatus works as follows: oscillator 8 in-
terchangeably forms a. c. alternating voltages with F1
(30khz) and F2 (1 MHz) frequencies. Such voltages go
through digital potentiometer 9, current sensor 10 and
switching device 11a which interchangeably connects
the voltages to the current-input electrodes "IN" (Fig. 3)
of sensors 13 and 14. Oscillator 8 also forms control sig-
nals which are applied to quadrature detector 7 for syn-
chronization purposes.
[0033] The digital potentiometer 9, controlled by proc-
essor 1, automatically supports amplitudes of voltage on
the current-carrying electrodes "IN" (Fig. 3) of conduc-
tivity sensors 13 and 14 which are suitable for the indi-
vidual person’s initial skin contact resistance. It allows to
expand a dynamic range of conductivity measurements
and to increase measurements accuracy.
[0034] Signals from the central electrodes "OUT" (Fig.
2) of the conductivity sensors 13 and 14 are amplified by
difference amplifiers 12 and, through the second conduc-
tivity sensor switch 11 b, get to one of the inputs identified
by U∼ of the quadrature detector 7. A voltage proportional
to the current on the current-carrying electrodes "IN" (Fig.
3) is applied form current sensor 10 to a second input
identified by I∼ of the quadrature detector 7.
[0035] Quadrature detector 7 has four outputs. At the
output identified by U0

2 quadrature detector 7 provides
a DC signal which is proportional to the square of the AC
signal at its input identified by U∼ at a time to. At the
output identified by Uπ/2

2 quadrature detector 7 provides
a DC signal which is proportional to the square of the AC
signal at its input identified by U∼ at the time tπ/2. At the
output identified by I02 quadrature detector 7 provides a
DC signal which is proportional to the square of the AC
signal at its input identified by I∼ at a time to. At the output
identified by Iπ/2

2 quadrature detector 7 provides a DC
signal which is proportional to the square of the AC signal
at its input identified by I∼ at the time tπ/2.
[0036] Such DC signals get, through multiplexer
(MUX) 6 and analog-to-digital converter (ADC) 5, by
which they are digitized, to digital signal processor (DSP)
1.
[0037] Continuous voltages from the two temperature
sensors 15 and 16 also get through multiplexer 6 and
analog-to-digital converter 5 in digitized form to the digital
signal processor (DSP) 1.
[0038] The digital signal processor (DSP) 1 calculates
average values U and I from the four output signals of
the quadrature detector 7 as follows: 

and calculates conductivity values from such average
values U and I by 

[0039] Such conductivity values are further corrected
using the temperature values obtained by temperature
sensor 15.
[0040] Depending on the temperature values obtained
by temperature sensor 16 a warning signal may also be
created by digital signal processor (DSP) 1.
[0041] The apparatus operates cyclically. Fig. 2 shows
a full cycle and a part of a following cycle.
[0042] A cycle starts with input U∼ of the quadrature
detector 7 being connected to sensor 13 by means of the
second conductivity sensor switch 11 b. Double-frequen-
cy oscillator 8 first produces frequency F1 which is ap-
plied by means of the first conductivity sensor switch 11a
to sensor 13. Then double-frequency oscillator 8 produc-
es frequency F2 which is also applied by means of the
first conductivity sensor switch 11a to sensor 13. In the
following temperature values from temperatures sensors
15 and 16 are obtained, respectively, this finishing the
first half of the cycle. In the second half-cycle the individ-
ual steps of the first half-cycle are repeated with the dif-
ference, that frequencies F1 and F2 are applied by means
of the first conductivity sensor switch 11a to sensor 14.
In addition, input U∼ of the quadrature detector 7 is also
connected to sensor 14 by means of the second conduc-
tivity sensor switch 11 b.
[0043] Data storage, preliminary processing of previ-
ously collected data and transmission of data to the com-
puter is performed as this is also indicated in Fig. 2.
[0044] In the example of Fig. 2 a full cycle of high- and
low-frequency conductivity measurement on both sen-
sors takes 12 seconds. It is to be understood that this
cycle is just exemplary but may still be reduced to only
a few seconds.
[0045] The apparatus may be powered by a recharge-
able battery.
[0046] A tetrapolar electrode scheme is used for both
conductivity sensors 13 and 14. The relative position of
the "IN" and "OUT" electrodes of such type of sensor is
shown in Fig. 3. Fig. 4 shows the preferred mutual-per-
pendicular arrangement of the tetrapolar electrodes of
both sensors 13 and 14 on a common planar base. Tem-
perature sensor 15 is positioned in the center of the eight
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electrodes on the same base. The base may be formed
by a cuff suitable for being affixed to an arm of a patient
for example.
[0047] Fig. 5 shows an arm of a patient to which such
a cuff 17 is affixed with the non-visible electrodes of sen-
sors 13 and 14 and the non-visible temperature sensor
15 on the inner side thereof in skin-contact. On the out-
ward side of the cuff 17 a small casing 18 is provided
which preferably houses the above described electronic
components of the inventive apparatus as well as the
batteries. The described data transfer to a computer may
be achieved via a cable connection between the casing
and the computer or even wireless.
[0048] It is to be understood that measuring at an arm
is only exemplary and that measuring at any other spot
of the human body overlying soft muscular tissue would
also be possible.
[0049] In particular in the embodiment as described
above the inventive apparatus can be carried easily and
without serious disturbances to the comfort of the carry-
ing person for several hours including night and sleeping
times. Thereby, the measuring cycle is repeated steadily.
[0050] Starting from some point in time the variation
of the glucose level in the blood can be monitored and
preferably stored for being shown in a time diagram. Fig.
6 - 8 are such time diagrams showing the variation of the
glucose level of three patients having Diabetis II over
several hours each obtained in accordance with the
present invention. The axis of abscissae represents the
time in hours. The axis of ordinates represents the con-
centration of glucose in mmol/l.
[0051] It is to be noted that the invention only provides
the variation of the glucose level but no absolute values.
To obtain absolute values some calibration is required
which may be achieved for example at the beginning of
a measurement period by means of a standard invasive
method.
[0052] In the diagrams of Fig. 6 - 8 glucose values ob-
tained by the well known an widely used ACCU CHECK®

System are shown for comparison.
[0053] Fig. 6 shows a glucose tolerance test carried
out with a female patient of the age of 49. The patient
took 70 g of glucose per 130 ml of water between 09:51
and 09.52.
[0054] Fig. 7 shows the variation of the glucose level
in the blood of a male patient of the age of 81 after a meal
between 10:40 and 10:48.
[0055] Fig. 8 shows the variation of the glucose level
in the blood of a female patient of the age of 69 after a
meal between 10:00 and 10:05.
[0056] The curves of Figures 6 - 8, though originally
being step curves, have been polynomically smoothed
to better show the overall trend of the glucose level var-
iation.

LIST OF REFERENCE SIGNS

[0057]

1 digital signal processor (DSP)
2 random access memory (RAM)
3 read-only memory (ROM)
4 computer input - output (Interface RS232)
5 analog-to-digital converter (ADC)
6 multiplexer (MUX)
7 quadrature detector
8 double-frequency oscillator
9 digital potentiometer
10 current sensor
11a first conductivity sensor switch (parallel and

transverse)
11b second conductivity sensor switch (parallel and

transverse)
12/1 difference amplifier
12/2 difference amplifier
13 sensor of conductivity (C(1) parallel)
14 sensor of conductivity (C(2) transverse)
15 temperature sensor (T(1) skin)
16 temperature sensor (T(2) environment)
17 cuff
18 casing

Claims

1. Noninvasive method for estimating of the variation
of the glucose level ∆G in the blood of a person within
a time interval ∆t, comprising the following steps:

- placing a first tetrapolar electrode device in
contact with the skin of said person overlying a
portion of soft tissue including muscular fibers
oriented parallel to the direction of the muscular
fibers;
- placing a second tetrapolar electrode device
in contact with the skin of said person overlying
said portion of soft tissue oriented transverse to
the direction of the muscular fibers;

measuring for a time interval ∆t:

- with the first tetrapolar electron device the rel-
ative variation ∆CL,LF / CL,LF of the conductivity
value CL,LF of said tissue parallel to the muscular
fibers at a low frequency;
- with the second tetrapolar electron device the
relative variation ∆C⊥,LF / C⊥,LF of the conduc-
tivity value C⊥,LF of said tissue transverse to the
muscular fibers at said low frequency;

estimating ∆G as:

- 0.0 if ∆CL,LF / CL,LF ≈ ∆C⊥,LF / C⊥,LF
- +a if ∆CL,LF / CL,LF > ∆C⊥,LF / C⊥,LF
- -a if ∆CL,LF / CL,LF < ∆C⊥,LF / C⊥,LF

wherein:

9 10 
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- a is in the range of 0.15 - 1.0 PM / I sec;
- the low frequency is in the range of 1·x 104 Hz
- 5·x 104 Hz; and
- "=" means "equal within a range of +/- 2.5% -
+/- 7.5%".

2. Method of claim 1, wherein ∆t is in the range of not
more than 15 sec.

3. Method of claim 1 or 2, further comprising the follow-
ing steps:

measuring for the time interval ∆t:

- with the first tetrapolar electron device the
relative variation ∆CL,HF / CL,HF of the con-
ductivity value CL,HF of said tissue parallel
to the muscular fibers at a high frequency;
- with the second tetrapolar electron device
the relative variation ∆C⊥,HF / C⊥,HF of the
conductivity value C⊥,HF of said tissue
transverse to the muscular fibers at said
high frequency;

estimating ∆G as:

- +a if ∆CL,LF / CL,LF > ∆C⊥,LF / C⊥,LF and
∆CL,HF / CL,HF ≈ ∆C⊥,HF / C⊥,HF
- +b if ∆CL,LF / CL,LF > ∆C⊥,LF / C⊥,LF and
∆CL,HF / CL,HF > ∆C⊥,HF / C⊥,HF
- -a if ∆CL,LF / CL,LF < ∆C⊥,LF / C⊥,LF and
∆CL,HF / CL,HF ≈ ∆C⊥,HF / C⊥,HF
- -b if ∆CL,LF / CL,LF < ∆C⊥,LF / C⊥,LF and
∆CL,HF / CL,HF < ∆C⊥,HF / C⊥,HF

wherein:

- a is in the range of 0.15 - 0.5 PM / I sec;
- b is in the range of 0.3 - 1.0 PM / I sec; and
- the high frequency is in the range of 0.5·x
106 Hz - 5·x 106 Hz.

4. Method of claims 1 - 3, wherein said tetrapolar elec-
trode devices are provided with a pair of inner elec-
trodes and a pair of outer electrodes and wherein for
obtaining said impedance values alternating cur-
rents having said low or high frequency are applied
to one of the pairs of electrodes of said tetrapolar
electrode devices and wherein the alternating volt-
ages resulting from such currents are measured at
the other one of the pairs of electrodes.

5. Method of claim 4, wherein the conductivity values
C are obtained by calculation from the applied alter-
nating currents and the measured alternating volt-
ages after rectification and digitizing thereof.

6. Method of one of claims 1 - 5, further comprising the

steps of:

- placing a temperature sensor in contact with
the skin of said person overlying said portion of
soft tissue;
- measuring the temperature T of the skin; and
- correcting the conductivity values by a factor f,

wherein:

- f is reduction factor in case of a temperature
decrease;
- C is in the range of 4.5 - 6.5 % per °C temper-
ature difference from To for the low frequency
measurements; and
- T0 is a previously measured temperature of the
skin of said person overlying said portion of soft
tissue.

7. Method of one of claims 3 and 6, wherein

- f is in the range of 1.5 - 2.5 % per °C temper-
ature difference from To for the high frequency
measurements.

8. Method of claims 6 or 7, wherein the measured tem-
perature T of the skin is digitized and the correction
of the conductivity values by said factor f is carried
out by calculation.

9. Apparatus for carrying out the method of one of
claims 1 - 6 having a first and a second tetrapolar
electrode device, wherein the tetrapolar electrode
devices are fixedly oriented transverse with respect
to each other.

10. Apparatus of claim 9 having means for generating
alternating currents.

11. Apparatus of claim 10 for carrying out the method of
claim 4 having means for rectifying said alternating
currents and measured alternating voltages, for dig-
itizing rectified currents and rectified voltages and
for processing digitized data.

12. Apparatus of claim 11 having means for transmitting
processed data to an external data processing ap-
paratus.

13. Apparatus of one of claims 7 - 10 for carrying out the
method of claim 5 having a temperature sensor,
wherein the temperature sensor is located in the
center of the tetrapolar electrode devices.
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摘要(译)

为了估计人血液中葡萄糖水平的变化，本发明使用由于细胞外和细胞内
隔室之间的流体移动引起的肌肉组织中间质液隔室体积的变化。细胞外
液的渗透压又与葡萄糖水平相关。通过非侵入性电导测量法测量间质液
隔室体积的变化，所述电极使用电极放置，所述电极与覆盖包括肌肉纤
维的软组织的一部分的人的皮肤接触。为了消除毛细血管的导电性的不
利影响，本发明在两个方向上独立地测量组织的导电性，即平行于和横
向于肌纤维。由于毛细血管的混沌取向，由容器体积变化引起的电导率
变化应该在两个测量方向上几乎相等。另一方面，平行于肌纤维的导电
率是由间质液的体积决定的，而不是横向于肌纤维。因此间隙隔室的体
积变化对平行导电性的影响大于横向于肌纤维的导电性。
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