20117161672 A1 I 00 O O 01O 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
29 December 2011 (29.12.2011)

(10) International Publication Number

WO 2011/161672 Al

(51) International Patent Classification:
A61B 5/00 (2006.01)

(21) International Application Number:
PCT/IL2011/000488
(22) International Filing Date:
20 June 2011 (20.06.2011)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
61/344,273 22 June 2010 (22.06.2010) US
(71) Applicant (for all designated States except US): GILI
MEDICAL LTD. [IL/IL]; P.O. Box 73, Migdal Haemek
(IL).
(72) Inventor; and
(75) Inventor/Applicant (for US only): SCHECHTER, Amir
[IL/IL]; 51 Hadasim St., Kadima 60920 (IL).
(74) Agent: KAFRI, Avia; 22 Shderot Chen St., Tel Aviv
64166 (IL).
(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))
Published:

with international search report (Art. 21(3))

before the expiration of the time Ilimit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: IMPROVED SYSTEM AND METHOD FOR DETECTING SYMPTOMS OF HY POGLYCEMIA

807

10

2.

%
~.1

/

¥

40
14

1

16 Y
1
[
1
|

Fig. 1

(57) Abstract: An improved system and method for detecting a hypoglycemic event of a diabetic individual is provided. The sys-
tem of the invention includes at least three sensors for monitoring the respective physiological parameter selected from the follow-
ing list: heart rate, motorial activity, respiring rate, vasoconstriction, temperature ot the skin and galvanic resistance of the skin of
the user. The system automatically alerts the user and/or a member of medical care personnel in a case that at least three different
symptoms of a hypoglycemic event, each of which associated with a respective physiological parameter, simultaneously occur.
According to the method of the present invention basal levels and basal rates of changes of the respective physiological parame-
ters are generated and repeatedly updated. These basal levels and/or rates provides for detecting changes that go beyond prede-
fined limits for determining a symptom of a hypoglycemic event which is associated with the respective physiological parameter.
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IMPROVED SYSTEM AND METHOD FOR DETECTING SYMPTOMS OF

HYPOGLYCEMIA

FIELD OF THE INVENTION

The present invention generally relates to the field of physiological
measurement. More particularly, the present invention relates to a system and
method for monitoring motorial activity and/or tremor, heart rate, respiration
rate, peripheral vasoconstriction, surface temperature and electrical conductivity
of the skin as means for detecting symptoms associated with hypoglycemic
event of a diabetic individual.

BACKGROUND OF THE INVENTION

Hypoglycemic events are typically associated with a range of
symptoms such as dizziness, impaired coordination, mental confusion, and
altered behavior, increased and irregular heart rate, enhanced perspiration,
tremor and heavy respiration. An untreated hypoglycemic event may lead to
extreme hypoglycemia that may result in spasms, coma, brain damage or even
death. Therefore the development of noninvasive methods and systems for

detecting symptoms of hypoglycemic events are ongoing.

A few exemplary systems and methods for detecting some of the
above mentioned hypoglycemic symptoms that provide for alerting a user of an
occurring hypoglycemic event are listed below. A system for detecting the level
of perspiration is disclosed in US Patent US4365637. A system incorporating
measurement of the skin temperature and the level of perspiration is disclosed
in US Patent US4509531. However, a study in which the last system was used
along 1444 nights by insulin dependant diabetic subjects reveals a significantly
high rate of false alarms. The main cause for the high false alarm rate is
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interpreted by enhanced sleep sweatiness that is not caused by hypoglycemic

event, as is reported in Diabetes Care, Vol.6, November 1983.

A system and method that is capable of screening out cases in which
the skin temperature of a diabetes subject decreases and/or cases in which his
or her perspiration level increases due to environmental situations other than
hypoglycemic events is disclosed in US patent US7052472. The disclosed
system automatically derives the rate of change of the skin temperature as well
as the level of perspiration and compares them to respective basal rates that
are continuously derived by the system. However, cases in which a
hypoglycemic event is not associated with an increased sweatiness cannot be

detected by such a system.

A system and method for monitoring heart rate especially including
the length in time of the QT intervals by means of ECG signals and the mean or
peak frequency of the alpha wave by means of EEG signals in addition to
monitoring the impedance of the skin for monitoring perspiration level is
disclosed in US patent US7450986. The disclosed method seems more robust
and less susceptible to false alarms. However such system requires attaching
electrodes to the skull of the user in addition to attaching electrodes to his or
her chest. Such setup is somewhat cumbersome and less convenient
compared to wristwatch like systems that can be attached to a limb of the user.

Another system that monitors the level of perspiration, detects tremor
and looks for an increase in the heart rate is disclosed in Japanese patent
application the publication number of which is JP20082535660A2.

A system and method for monitoring hemodynamic parameters, such
as a radius of a peripheral blood vessel, by means of light scattering
measurements is disclosed in US Patent US6280390.

Therefore a system capable for detecting hypoglycemic events which

is characterized with high sensitivity and low false alarm rate is called for.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exemplary time profile of motorial activity of a type |
diabetic subject;

Fig. 2 is an exemplary time profile of heart rate of the same individual

whose motorial activity is shown in Fig. 1;

Fig. 3 is an exemplary time profile of skin temperature of the same

individual whose motorial activity is shown in Fig. 1;

Fig. 4 is an exemplary time profile of galvanic resistance of the skin of

the same individual whose motorial activity is shown in Fig. 1;

Fig. 5§ is an exemplary time profile of glucose suspended in the blood

of the same indivisual whose motorial activity is shown in Fig. 1;

DETAILED DESCRIPTION OF THE PRESENT INVENTION

In accordance with the present invention an improved non-invasive
system and method for detecting a hypoglycemic event is provided. The
method of the present invention provides for significantly reducing the rate of
false alarms and yet retaining a high sensitivity of detecting hypoglycemic
events at their early stages. A system of the invention is adapted and arranged
for monitoring the following physiological parameters: i. heart rate; ii. motorial
level, iii. vasoconstriction and skin temperature, and iv. galvanic resistance of
the skin. According to the method of the present invention changes in the level
of each of these physiological parameters are recorded and compared to
respective scales. A symptom of a hypoglycemic event is determined in any of
the following cases: a. an increase in the heart rate which crosses and exceeds
a respective predefined threshold; b. an increase in the motorial level that
crosses or exceeds a respective predefined threshold; c. a decrease in the
galvanic resistance of the skin that down crosses a respective predefined
galvanic resistance level, and d. vasoconstriction and/or a decrease in the

temperature of the skin which exceeds a respective predefined rate of cooling.
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A case in which any of the symptom of a hypoglycemic event is determined
despite the fact that a hypoglycemic event has not occurred is considered as a
false alarm. Reducing the rate of false alarms according to the method of the
present invention is accomplished by diagnosing a hypoglycemic event when at
least three different symptoms are simultaneously determined. However in this
case the conditions for determining a symptom are somewhat less stringent.
Namely, instead of independently comparing the magnitude of the change in
the level of each physiological parameter to a respective threshold a
combination of such deviations is first evaluated and its value is compared to a

different predefined threshold, as further described infra.

Systems of the invention further monitor the ambient temperature of a
user. In cases in which the ambient temperature changes, the level by which it
is changed is considered for reducing biases that might be added to the
measured temperature of the skin. A system of the invention further monitors
the galvanic resistance of the skin for deriving the level of pérspiration.
Relatively high ambient temperature may impact the level of perspiration
thereby add biases to, and/or obscure, the measured galvanic resistance of the
skin. Therefore the measured levels of the galvanic resistance are such
weighted according to the method of the present invention to reduce their
impact in diagnosing hypoglycemic events in cases in. which the ambient
temperature exceeds a predefined temperature level. A three axes
accelerometer incorporated in a system of the invention provides for monitoring

the level of movements of the user and for detecting tremor.

An exemplary sensor for noninvasively monitoring vasoconstriction
and evaluating the magnitude of the radii of the blood vessel considered has
two light detectors that are spaced apart by a predefined distance such
positioned that their active faces face the skin of a user. Each light detector
comprises an illuminating LED that is operative in the range of near infra-red
(NIR) and a photodiode of the same spectral range for receiving the light
reflected off the skin. These light detectors are such placed onto the skin of a
user that each light detector faces a segment of a peripheral blood vessel or a

set of blood capillaries. Measuring the radius of a peripheral blood vessel is
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accomplished, such as described in US Patent US6280390. However,

detecting the phenomena of vasoconstriction can be accomplished by means
of only one such light detector. Namely monitoring vasoconstriction is
accomplished according to the method of the present invention by measuring
the intensity of infrared light reflected off the skin by means of one such light
detector. A case in which the magnitude of the radius decreases such that the
amplitude of the reflected light decreases below a given predefined level is
considered according to the method of the present invention as a symptom of
suspected hypoglycemic event. One such light detector can implement
according to the present invention as a multipurpose sensor for monitoring
pulse or heart rates as known and for monitoring vasoconstriction as well as for
implementing a non-contact temperature sensor for measuring the temperature
of the skin. Obviously the amplitude of the intensity of light scattered off the skin
and received by the photodiode considered is proportional to the quantity of
blood that passes through the peripheral blood vessels. The rate in which
peaks of the time profile of this amplitude occur is equivalent to the pulse rate.
Additionally, the intensity of the reflected light averaged along a time interval
that include a few pulses, is proportional to the average quantity of blood that
passes through the peripheral blood vessels along a time unit and therefore
functionally dependent (when a single valued function is considered) on the
temperature of the skin. Therefore by employing a suitable calibrating curve the
respective temperature of the skin is derived. Whenever the same system
component is used as a multipurpose sensor it is regarded according to the
present invention as a bunch including the respective number of different

sensors that are independently incorporated into the system of the invention.

An improved and non-invasive system for detecting hypoglycemic
events according to a preferred embodiment of the present invention has two
separate units. One of the units, which is the first unit, is structured such as a
wristwatch having a chassis to which a strap attachable to a limb of a user is
connected. This unit is equipped with two non-contact temperature sensors. A
light detector such as described above implements one of these non-contact
temperature Sensors. This light detector is such positioned at the inner surface

of the chassis that it faces a peripheral biood vessel or a bunch of capillaries.
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The same light detector is regarded as a second sensor that additionally

provides for measuring the heart rate, as described above. The other
temperature sensor is such connected to the external surface of the chassis
that it cannot face the skin of the user. Alternatively according to another
preferred embodiment of the present invention a cable connects the second
temperature sensor to this unit such that it can be placed and directed aside of
the user. A sensor for monitoring the level of perspiration is implemented by
means of two spaced apart electrodes (by a predefined distance). Both
electrode are attached to the inner surface of the strap such that a segment of
each electrode touches the skin of the user. Both electrodes are electrically
connected to a an electric circuitry for measuring the galvanic resistance a
segment of the skin which electrically connects between them. This electric
circuit is attached to the chassis. A three axes accelerometer connected to a
dedicated electric circuitry implements the movement, or rather the motorial
activity sensor which is also housed in the chassis of the first unit. All the above
mentioned sensors are connected to respective sampling and digitizing units
which are further connected to a programmable processor having a memory.
This processor is operative inter alia in comparing the monitored levels of the
physiological parameters considered to respectiVe scales stored in its memory;
carrying out numerical calculations such as for deriving the heart rate, or the
spectrum of the motorial activity of the user. The processor is similarly installed
in the chassis of the first unit. Electrical cable that includes wires respectively
leading control signals and power connects between the first and second units
of the system. The second unit is housed in a case that can be placed near by
the user. The second unit includes electrical power supply and an alarm
member implemented by a buzzer whibh is activated by the processor of the
first unit. Additional electrical cable provides for connecting the power supply to
an external power line. Alternatively, the power supply is substituted with
rechargeable batteries. Optionally the second unit is further electrically
connected by means of a wireless link, such as by employing Bluetooth
protocol to a remote alarm unit for alerting a care'providing personnel member,

or a relative of the user, in cases of diagnosed hypoglycemic events.
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Monitoring any of the aforementioned physiological parameters

provides for deriving a respective instantaneous levels as well as deriving the
respective basal levels the monitored parameters and/or rates of their
respective changes. Deriving the instantaneous level and/or rate of change of a
monitored parameter is accomplished as known by averaging a predefined
number of samples. Averaging can be accomplished by means of a moving
window technique which considers a relatively small number of elements;
and/or averaging by means of a FIFO filter that considers samples received
along a relatively small time intervals which are referred hereinafter as
measuring time intervals. These measuring time intervals are respectively of a
few seconds up to a number of minutes. The respective basal levels and/or rate
of changes are derived according to the present invention by averaging
measured instantaneous levels along a relatively long time interval, which is
referred hereinafter as the basal time interval and ranges along a few dozens of
lengths of measuring intervals, such as of a number of dozens of minutes. In
accordance with the method of the present invention statistical analysis is
continuously carried out by which characteristic statistiés, and statistical
moments such as mean value and standard deviation of each of the
physiological parameters are repeatedly updated. Such updating goes on along
each and every time in which the system of the invention is used. Therefore, at
initial stages of each daily operation long term mean values can be used
instead of respective basal levels as long as the respective basal level has not
stabilized in time yet. The currently updated basal levels, and characteristic
statistics, as well as the long term statistics are stored in the memory of the
system processor to be used as respective scales against which the
instantaneous levels are compared. Additionally, in accordance with another
embodiment of the present invention, whenever an instantaneous level of any
of the physiological parameters exceeds the basal level by more than a
predefined portion of the magnitude of respective long term standard deviation,

a hypoglycemic event is diagnosed regardless of the measured levels of the
other physiological parameters.

The instantaneous level of the temperature of the skin and/or the

ambient temperatures is repeatedly measured at a predefined repetition rate
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(which equals the reciprocal of the length of the measuring time interval). In

cases in which the currently measured instantaneous skin temperature
decreases compared to the respective basal level at a rate faster than the rate
by which the ambient temperature decreases and/or at a rate that exceeds a
predefihed threshold, such temperature decrease is considered according to an
embodiment of the method of the present invention for determining a symptom

of decreasing skin temperature that is indicative to a hypoglycemic event.

The instantaneous level of the galvanic resistance of the skin is
compared to the respective scale such as typically recorded in handbooks.
Alternatively such a scale is experimentally derived by carrying out suitable
statistical analysis for determining typical galvanic resistance levels that
respectively correspond to the resistance of a skin under different levels of
sweatiness. When the currently measured resistance gets down compared to
such scale and crosses a predefined threshold a symptom of hypoglycemic
event associated with perspiring is determined. When the ambient temperature
is lower than a predefined temperature it is unlikely that such perspiring is
caused by the ambient temperature. Therefore such crossing of the threshold
of galvanic resistance is considered as a sweatiness symptom of suspected
hypoglycemic event.

Signals of the three axes accelerometer are repeatedly sampled along
each axis at sampling frequencies which range a number of dozens of cycles
per second (CPS) up to say ten dozens of CPSs. A spectrum of these signals is
derived according to a preferred embodiment of the method of the presént
invention, as described following. First the number of crossing along any of the
three axes of a predefined level of acceleration, which occur along one second
is counted in each and every second. Then the system time tags and records
those seconds that such crossing of this acceleration level has occurred at least
a predefined number of times per second, say a dozen crossing per second.
Such seconds are considered according to the present invention as motorial
active seconds. Then the number of motorial active seconds that are included
within a measuring time interval having a predefined length, say of a given

number of minutes, is referred hereinafter as the measured number of active
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seconds, its value is time tagged and recorded. Values of measured numbers

of active seconds are averaged along a basal time interval for deriving the
basal number of motorial active seconds that are included within a measuring
time interval. The length of a basal time interval equals the length of the
aforementioned measuring time interval multiplied by, say, dozen times. A
symptom of a hypoglycemic event associated to the increased motorial activity
is determined when the number of active seconds included within the current
measuring time interval exceeds the basal value by at least a given number.
The various thresholds, namely the level of acceleration considered for
determining a crossing, the number of crossing above which a second is
regarded as motorial active second, as well as the threshold for determining a
symptom that whenever the number of active seconds that are included in a
measuring time interval exceeds it, are experimentally derived by conducting
statistical analysis of measurement during trials in which insulin dependent

diabetic subjects take part.

Alternatively a spectrum of the cyclic movements such as of heart rate
and/or mechanical vibrations can be computed such as by carrying out DFT
calculations. Abrupt movements of the user that are typical to tremor are
characterized with predefined frequencies. Similarly respiration rates can be
derived from such computed spectra of the amplitude of the pulses measured
with the light detector. By subtracting the magnitudes of the relevant frequency
levels from the respective basal magnitudes and comparing the derived
differences with respective threshold levels provides for detecting tremor as well
as for detecting an increase in the respiration rate. Hence a system that has
three axes accelerometer and a light detector is capable for detecting
symptoms of increased movement, tremor and increased respiring rate in
addition to monitoring vasoconstriction and detecting events associated with
cooling down of the skin. One light detector in combination with respective
software programs installed in the system processor provides according to the
present invention instead for measuring levels of four different parameter such
as accomplished by means of four independent sensors. Embodiment variants
of the system for detecting hypoglycemic event in which such light detector is

incorporated and used as multipurpose sensor are in accordance with the
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present invention. Such muitipurpose sensor is respectively regarded

hereinafter as a bunch of two, three and/or four different sensors, each of which

is independently linked to the system processor.

A basal respiration rate is derived by averaging instantaneous
respiring rates. The instantaneous respiring rates are derived in consideration
with the lower frequencies of the spectrum of the DFT analysis of the pulses of
blood their amplitude is measured such as with a light detector, as known. The
level by which an instantaneous level deviates from the respective basal rate is
compared to calibrating scale. When this deviation exceeds a predefined
threshold a symptom of heavy respiring is determined.

In cases in which all the above mentioned symptoms simultaneously
occur a hypoglycemic event is detected according to an embodiment of the
method of the present invention. Alternatively scores associated with at least
some of the above mentioned parameters are evaluated and their summation
exceeds a respective predefined threshold level a hypoglycemic event is
diagnosed. Obviously in cases that smaller number of symptoms is
simultaneously determined the rate of false alarm increases if one retains the

same sensitivity of detection.

Following is a description of the process for diagnosing a
hypoglycemic event according to a preferred embodiment of the present
invention. This process is applicative in cases in which at least three
physiological parameter are monitored, wherein those three are selected out of
the following physiological parameters (i) motorial activity, (i) heart rate, (iii)
respiring rate, (iv) temperature of the skin or preferably vasoconstriction without

evaluating the radii of the blood vessels, and (v) galvanic resistance of the skin.

First, levels of the differences between the instantaneous levels
measured at each and every measuring cycle and the basal level of the
respective monitored physiological parameters (except for the perspiration
sensor) are scored. Scoring is accomplished by mapping the respective
maximal level of any of the differences according to the method of the present

invention to one. (similarly any instantaneous level measured for the
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physiological parameter considered, that is higher than such maximal level, is

also mapped to one.) any level of such difference which equals zero or is
negative is mapped to zero. The full range between the maximal level of
difference is linearly mapped into the open interval (0,1). Scoring levels of
galvanic resistance of the skin is accomplished by mapping the range of the
respective levels of galvanic resistances into the closed interval [0,1] as follows:
any resistance which equals or exceeds a predefined maximal level of
resistance, such as 250 KQ, is mapped to zero. Any resistance which equals or
is lower compared to a predefined minimal resistance, say 100 KQ, is mapped
to one. All the levels between these two limits are linearly mapped into the open
interval (0,1) in accordance with the equation S=1-(R-100)/150, where S is the
score received for these predefined maximal and minimal levels of resistance;
R is the level of the measured galvanic resistance given in KQ. The minimal
and maximal levels are derived by statistically averaging measurements results
of experiments in which a large number of diabetic participants toke part. The
differences that are associated to the physiological parameters other than the
levels of galvanic resistance of the skin are scored as follows: first a range of
the differences between an instantaneous level and the basal level is selected
then the upper end of this range is mapped to one. And differences that are
negative or equals zero are mapped to zero. Any intermediate level is
respectively scored by dividing its value by the magnitude of the upper limit.

Therefore all the intermediate levels are mapped into the open interval (0,1).

Such derived scores for all the monitored parameters are summed
together into a combined score. The combined score is further compared to a
respective threshold level. When the combined score exceeds a predefined
threshold level a hypoglycemic event is detected. In cases of ambient
temperature that is too high that might causes the user to perspire, it is
preferable to avoid using the perspiration sensor and the threshold for the
combined score is lowered accordingly. Such approach provides for retaining
the level of sensitivity however on the other hand, the rate of false alarms is
somewhat increased. In cases in which the ambient temperature decreases at
a rate higher than a predefined cooling rate, it is preferable according to the

method of the present invention to avoid using the skin temperature sensor for
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a while and wait until the ambient temperature stabilizes. A different predefined

threshold level for the combined score that does not consider the score
associated to skin temperature is used in such case. Such approach provides
for retaining the sensitivity level of the system however the rate of false alarm is

somewhat increased.

EXAMPLE 1

An experiment in which a group of insulin dependent diabetic
members, each using a system for detecting hypoglycemic events according to
an embodiment of the present invention, is hereby described with reference to
Figs 1 — 5. Time profiles of the motorial activity, heart rate, temperature of the
skin, galvanic resistance of the skin, and the level of glucose suspended in the
blood, all of which were derived for an exemplary user, are respectively shown
in Figs 1 — 5. The horizontal axis shown in each of this graphs indicate time
measured in hours starting at the beginning of a night sleep. Identical lengths of
the measuring time interval are employed in any of the graphs shown, all of
which equals five minutes. The systems employed are structured such as a
wristwatch to be worn on an arm of the user. The systems include: a light
detector for measuring heart rate; thermistor that implements temperature
sensor for measuring skin temperatures; a sensor for measuring galvanic
resistance of the skin and three axes accelerometer operated in a mode for
measuring motorial activity as described hereinabove. Commercial Glucometer
of the type Dexcom Seven Plus continuously intrusively monitored the actual
level of glucose suspended in the blood of the users. The scale of the vertical

axis of Fig. 1 is dimensionless. Plot 10 is the time profile of the number of
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motorial active seconds included in any measuring time interval. Peaks 12, 14,

16 can be interpreted as presenting determined symptoms. Namely cases in
which a significant change of the number of active seconds currently occurred
compared to the basal count. The value of basal level that provide for deriving
Peak 12, might be questionable due to stabilization time that could be longer
compared to the time elapsed from the moment in which measuring is started.
Nevertheless point 14 indicates a symptom of a hypoglycemic event related to
motorial activity which simultaneously occurs with symptom of the other three
physiological parameters at the same point in time. (This point in time is fifteen
minutes prior to three.) Plot 20 presents the time profile of the pulse rate, the
units of the vertical axis are beats per minute, measuring the pulse rate is
repeatedly accomplished each and every measuring time interval. The peak
located close to point 22 corresponds to a symptom of an increased heart rate,
by indicating a change in the currently measured pulse rate compared to the
basal rate of about nine pulses per minute. Indeed point 22 indicates
determining a symptom of a hypoglycemic event related to increased pulse
rate, which occurs synchronous.ly with the symptom indicated by point 14.
Successive points leading to point 24 of the following peak correspond to
changes of three beats per minute at most. Plot 30 presents the time profile of
the temperature of the skin, measured in degrees Celsius. Point 32 indicates a
state in which symptom of a hypoglycemic event related to falling ’temperature
of the skin is determined. There are additional points along this plot that exhibit
decreasingltemperature however none of these additional points comply with
respective symptoms of motorial activity nor of heart rate. Therefore according

to the method of the present invention any of these additional points cannot
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provide for diagnosing a hypoglycemic event even in cases that there are

respective points that belong to the time profile of the galvanic resistance of the
skin which respectively present determined symptoms of enhanced perspiring.
The scale of Fig. 4 is measured by kilo-Ohms; plot 40 presents the time profile
of the galvanic resistance of the skin. Point 42 indicates a point in time in which
the combined scoring according to the preferred embodiment of the method of
the present invention for diagnosing a hypoglycemic event described
hereinabove. Plots 30 and 40 are significantly more oscillatory compared to
plots 10, 20 and 50. Indeed the temperature of the skin normally varies along
time during the night by a few degrees Celsius. Covering with a blanket and/or
exposing the temperature sensor and the organ onto which this sensor is
attached to the ambient air, may easily cause such variations. Therefore it is
preferable according to the method of the present invention to monitor respiring
rates rather than the temperature of the skin, thereby promoting the chances for

retaining high sensitivity and a relatively lower false alarm rate.

Furthermoré, perspiring can occur independently of a hypoglycemic
event. However, most of the hypoglycemic events are associated with heavily
perspiring. Therefore lack of perspiring may require more stringent conditions

for diagnosing a hypoglycemic event and retaining a permissible rate of false

alarms.

Plot 50 present the actual time profile of the level of glucose
suspended in the blood of this very user. Point 52 is the very point of this plot
that corresponds in time to points 14, 22, 32, 42. Indeed a level of 65 mg/ml of

glucose corresponds to a situation of a user who experiences for quite a
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significant time a hypoglycemic event. (However for the sake of full disclosure a

statement should be made with regard to poor calibration of the continuous
glucometer at relatively low levels of concentration of glucose, namely levels
which correspond to hypoglycemic event can be erroneous by dozens of

percents or more since calibrating at such levels is practically impossible).
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CLAIMS
1. A method for non-invasively detecting a hypoglycemic event
comprising:

e comparing a level of each of at least three different
5 physiological parameters to a respective scale for evaluating
changes occurring in any of said levels;
e determining a symptom of hypoglyéemic event respectively
related to each of said at least three physiological ,
parameters, when a change in the level of each of said at
10 least three physiological parameters crosses a .predefined
level, which is associated to the respective physiological
parameter of said at least three physiological parameters,
and
e correlating in time said determined symptoms with each
15 other, for detecting a hypoglycefnic event when at least three
of said determined symptoms simuitaneously occur, and
wherein each of said physiological parameters is selected from a
group of physiological parameters consisting of: heart rate,
respiring rate, motorial activity, vasoconstriction, skin temperature,

20 galvanic resistance of the skin, and any combination thereof.

2. A method as in claim 1, further comprising respectively scoring the
changes in the levels of at least two of said physiological parameters

prior to said determining.

25
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A method as in claim 2, wherein a combined score is derived in

consideration with said scores which is further compared to a

predefined threshold prior to said detecting a hypoglycemic event

An improved system for non-invasively detecting hypoglycemic event
having an alarming member which can be activated by an integral
programmable processor, said system comprising at least three
different sensors for monitoring levels of respective physiological
parameters, wherein each of said physiological parameters is selected
from a group of physiological parameters consisting of: motorial
activity, heart rate, respiring rate, vasoconstriction, temperature of the

skin, galvanic resistance of a skin and any combination thereof, and

. wherein said at least three sensors are linked to said programmable

processor, and wherein said programmable processor is operative at
least in comparing a level of at least one of said physiological
parameters, which is the first physiological parameter, with a

respective scale stored in a memory of said programmable processor.

A system as in claim 4, wherein said programmable processor is
further operative in determining a symptom of a hypoglycemic event
associated with said first physiological parametef when said level of

said first parameter crosses a predefined level stored in said memory.

A system as in claim 5, wherein said symptom of hypoglycemic event
associated with said first physiological parameter is the first symptom,

and wherein said programmable processor is further operative in
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18
determining at least another symptom of hypoglycemic event, which is

the second symptom that is associated with a physiological
parameter which is different from said first physiological parameter,
and wherein said programmable processor is further operative in time
correlating said first symptom with said second symptom for detecting

a hypoglycemic event.

A system as in claim 4, wherein said programmable processor is
further operative in evaluating changes in the level of said first

physiological parameter in consideration with said scale.

A system as in claim 7, wherein said programmable processor is
further operative in scoring said evaluated changes and comparing
the evaluated score, which is the first score, to a respective scale for
determining a symptom of hypoglycemic event, whicﬁ is the first
symptom determined by scoring, and is associated with said first

physiological parameter.

A system as in claim 8, wherein said programmable processor is
further operative in evaluating changes in a level of at least one
additional physiological parameter which is different from said first
physiological parameter, and wherein said programmable processor is
further operative in scoring said changes and determining a symptom
of hypoglycemic event related to the additional physiological
parameter, which is the second symptom determined by scoring, and

wherein said programmable processor is further operative in deriving
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10.

11.

19
a combined score in consideration with said first and second

symptoms derived by scoring.

A system as in claim 4, wherein said system structured and arranged,

such as a wristwatch, to be worn on a limb of a user.

A system as in claim 11, wherein said alarming member is electrically
connected to said programmable processor by means of a wireless

link.
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