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and processes the received data to produce at least one
qualitative output parameter indicative of patient's
treatment parameters, such that the second processor
module determines whether any of the treatment param-
eters is to be modified.
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METHOD AND SYSTEM FOR AUTOMATIC MONITORING OF
DIABETES RELATED TREATMENTS

FIELD OF THE INVENTION
This invention is in the field of monitoring diabetes-related treatment, and

relates to a method and system for automatic monitoring of diabetes related treatments.
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BACKGROUND OF THE INVENTION

Diabetes mellitus, usually called diabetes, is a disease in which an individual's
pancreas does not make enough insulin or the individual's body cannot use normal
amounts of insulin properly. Insulin, a hormone produced by the pancreas, helps
maintain normal blood sugar levels.

Type 1 diabetes is a chronic, life-threatening disease that is caused by failure of
the pancreas to deliver the hormone insulin, which is otherwise made and secreted by
the beta cells of the pancreatic islets of Langerhans. With the resulting absence of
endogenous insulin, people with type 1 diabetes cannot regulate their blood glucose to
euglycemic range without exogenous insulin administration. However, it is critical to
provide accurate insulin dosing, so as to minimize and whenever possible eliminate low
or high blood glucose levels. Both high glucose levels, known as hyperglycemia, and
low glucose levels, known as hypoglycemia, can have debilitating and deleterious
consequences. Hypoglycemia may result in a coma and can cause acute complications,
including brain damage and paralysis. While severe hyperglycemia can also result in a
coma, mild chronic hyperglycemia potentially results in long-term, deleterious, and
even life-threatening complications, such as vascular disease, renal complications,
vision problems, nerve degeneration, and skin disorders.

Therefore, it is necessary for people with type 1 diabetes to monitor their blood
glucose and administer exogenous insulin several times a day in a relentless effort to
maintain their blood glucose near euglycemic range. This is a demanding, painstaking
regimen. Even those who successfully adhere to the regimen are burdened by it to
varying degrees and often still struggle with maintaining good glycemic control. Those

who do not follow a regimen are at risk for severe complications.
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Type 1 patients usually use two delivery régimes to deliver insulin. These
régimes came from the physiological method the pancreas deliver insulin: (1) a constant
basal rate for maintaining a constant blood glucose level— a small amount of insulin is
continuously delivered to the blood stream in order to maintain normal glucose levels.
This level could be high, low or in normal range; (2) A bolus for compensating for
consuming a meal or to correct high blood glucose level — quick delivery of large
amount of insulin (usually this amount is delivered in a matter of minutes).

The core of the ideal Artificial Pancreas (AP) system is the control algorithm
which automatically modulates insulin delivery (optionally other hormones) according

" to measured glucose levels. Current state of the art control algorithms for clinical use
are focused on either traditional control theory or relayed on set of equations which
describes the glucose-insulin dynamics.

The artificial pancreas systems are usually based either on traditional linear
control theory or rely on mathematical models of glucose-insulin dynamics. The most
common techniques are based one proportional-integral-derivative control (PID) [1] and
model predictive control (MPC) [2-5]. However, the nonlinearity, complexity and
uncertainty of the biological system along with the inherited delay and deviation of the
measuring devices, makes difficult to define a model and correctly evaluate the
physiological behavior of the individual patient [1-3, 5]. In addition, because most of
the control algorithms are not amenable to multiple inputs and multiple outputs, the
measured blood glucose level is generally, the only input implemented, and insulin
delivery is the only implemented output.

The PID control algorithm produces an insulin profile similar to the secretion
profile done by the beta cells extrapolated by three components [1]. Some controllers
include a subset of components, for example, a proportional—derivative (PD) controller
includes the proportional and derivative components to improve robustness. Both PID
and PD use the measured BG level as the only input and ignore other parameters, such
as previous administered insulin doses. The MPC is based on mathematical model and
equations which describes the glucose level response to different insulin doses and
carbohydrate consumption. As the response to different insulin treatment is implied by
the set of equations, an optimal treatment may be found and applied accordingly. The
mathematical model is subject specific, and depends upon system identification phase to

estimate the required parameters [3]. The main drawback of MPC in relation to glucose
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control is the need of a good crisp mathematical model and a good method to estimate
its parameters in order to describe the physiological behavior of the patient. However,
due to the complexity of biological systems, these models are subject to extreme
uncertainties, which make it very hard to evaluate and define the model properly. Most
of the attempts in the past to develop Subcutaneous (S.C.) closed loop system used
linear control methodology to control the non-linear biological system [2, 5] and
disregarded the uncertainty of the biological system and the measuring devices. In
addition, it is quite difficult to implement multiple inputs and multiple outputs using

these methods.

GENERAL DESCRIPTION OF THE INVENTION

The current diabetes treatment technologies, such as subcutaneous (S.C) insulin
pumps and S.C continuous glucose sensors (CGS), have been shown to be helpful in
improving the control of TIDM. Despite this, the potential of these technologies in
assisting patients with the day-to-day demands of their diabetes management has not
been fulfilled. Therefore, there is a need for an AP system that will mimic the activity of
the pancreatic cells and strictly control the patient’s BG levels while avoiding severe
hypoglycemia events. Such a system may also offer an opportunity to free the patients
from the daily burden of dealing with their diabetes.

The present invention provides -a closed-loop artificial pancreas system offering
the opportunity to mimic the activity of functioning pancreatic beta cells and strictly
control the patient’s blood glucose levels. The monitoring technique of the present
invention analyzes data generated by intravenous and/or subcutaneous drug injection
devices and by glucose sensors, and decides the treatment modification by controlling
the operation of the drug injection devices.

It should be noted that delay of insulin absorption and the fact that the interstitial
fluid does not always correctly represent the blood glucose level, turns the mission of
closing the loop into a very challenging one. The ultimate goal in diabetes treatment is
the development of an autonomous and automatic monitoring and treatment system that
mimics the activity of the pancreatic beta cells. Such system is thus capable of
maintaining normal physiologic blood glucose levels and therefore avoids

hypoglycemia. The system is fully automated (the patient does not have to give an
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approval for the dosing suggestions) and analyze glucose dynamics and insulin
continuously.

Thus, according to a broad aspect of the invention, there is provided a
monitoring system for use in monitoring diabetes treatment of a patient. The system
comprises a control unit comprising a first processor module for processing measured
data indicative of blood glucose level and generating first processed data indicative
thereof, a second processor module comprising at least one fuzzy logic module; the
second processor module receives input parameters corresponding to the measured data,
the first processed data and a reference data including individualized patient's profile
related data, individualized patient's treatment history related data and processes the
received data to produce at least one qualitative output parameter indicative of patient's
treatment parameters, such that the second processor module determines whether any of
the treatment parameters is to be modified.

The monitoring system of the present invention is a computerized system
capable of real-time automatic monitoring of a treatment procedure in patients with type
1 diabetes. The monitoring system provides an individualized (subject-specific) control
method for automatic glucose regulation in subcutaneous or intravascular sensing and
delivery paths. The monitoring technique automatically modulates insulin delivery (and
optionally other hormones) according to measured glucose levels and / or other
parameters. The system continuously tracks the glucose level and continuously
evaluates the active insulin (or other hormones) present in the blood in order to consider
additional insulin infusion. By taking the individual subject's treatment history into
account, the system of the present invention accurately adjust the control parameters
and overcome inter- and intra-patient variability. The monitoring technique of the
present invention enables minimizing high glucose peaks while preventing
hypoglycemia.

When associated with external glucose sensor and insulin pump, the monitoring
system of the present invention is thus operable as a full closed-loop artificial pancreas.
The monitoring system comprises infer alia functional parts such as a memory utility,
and a control unit. The system is used for processing measured data generated by any
known suitable measurement device for measuring blood/tissue glucose levels (e.g. by
implantable measurement devices) and for controlling any suitable drug injection device

(e.g. delivery pump such as subcutaneous insulin pump), therefore a closed-loop
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analysis of measured data is provided. Therefore, the control unit may be associated
with a drug injection device. The control unit is configured and operable to control the
operation of the drug injection device. The measured data includes current and past
glucose levels relative to a certain time.

Depending on the type of the measurement (continuous or not) and of the
injection devices used (implantable or not; operable by signal transmission via wires or
wireless), the monitoring system may be equipped with an appropriate data transceiver
(communication utility) communicating between the measurement and the injection
devices and receiving at least one of the reference data and / or the measured data. The
data transceiver is also operable to transmit the at least one output parameter of the
control unit to the drug injection device.

It should be understood that in the present invention, the closed-loop analysis is
based on a physician approach for decision making with respect to a specific patient
under treatment and is adapted to control further treatment accordingly (feedback). This
is contrary to the conventional approach used in the systems of the type specified, where
mathematical models (such as MPC) are used for evaluating settings of the drug
delivery devices from the measured glucose level data.

According to the invention, the second processor module can provide control to
range (CRM) output treatment suggestion. The second processor module may include a
control to range module (CRM). The control to range module or approach provides
output treatment suggestion(s) to bring the patient's glucose levels within at least one
desired range. The CRM output treatment suggestion comprises at least one of insulin
basal rate, insulin bolus or glucagon bolus. The CRM module can be implemented by at
least one fuzzy logic module. In some embodiment, the systems and methods of the
present invention employs two or more fuzzy logic module (or CRM modules). In some
embodiment, a fuzzy logic module (or CRM module) is assigned, configured or adapted
to handle an event. According to the invention, the second processor module comprises
at least one fuzzy logic module having a modeled structure of rules (or set of rules); the
fuzzy logic module utilizes one or more member functions modeled for translating the
input parameters into one or more qualitative output parameters. In some embodiments,
where two or more fuzzy logic modules are employed, two or more fuzzy logic modules
are employed each having either identical and / or different modeled structure of rules,

identical and / or different input parameters, identical and / or different qualitative
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output parameters. The input / output parameter(s) and set of rules can be designed to
handle a special event.

The at least onme qualitative output parameter of the fuzzy logic module
comprises data indicative of at least one treatment parameter of bolus glucagon, bolus
insulin and basal insulin.

In some embodiments, the control unit further includes a third processor module
receiving the at least one qualitative output parameter of the fuzzy 1ogic module and
processing the at least one output parameter to determine whether any of the treatment
parameters is to be modified.

The third processor module can include a control to target module (CTM), or
"Treatment Jury" that apply further processing and determines the amount of dosing of
insulin and/or glucagon to be delivered i.e. determine whether any of the treatment
parameters is to be modified. The control to target approach enables to bring the
patient's glucose level to a specific target level within the desired range or not.

In some embodiments, the CTM applies further processing to the output of the
fuzzy logic module (such as that of the CRM module) and determines the amount of
dosing of insulin and/or glucagon to be delivered. Therefore, the third processor
receives the control to range CRM output treatment suggestion, and determine the
amount of dosing in accordance with a glucose target of the patient's profile. The
amount may be adjusted in accordance with at least one of patient's insulin or glucagon
pharmacodynamics and the measured data.

According to some embodiments of the present invention, the system and
methods of the present invention are optionally configured and operable to perform a
combination of control to range and control to target approaches to automatically
regulate individual glucose levels. The system optionally has individualized prediction
tools (of any known type) for predicting the glucoée level in blood based on the
measured glucose level in tissue and overcome sensing and delivery delays.

The CRM utilizes a fuzzy logic based model ("table of rules") which is
configured for receiving quantitative input parameters and qualitative input parameters
(measured/calculated) and transform them into qualitative parameters, corresponding to
predetermined rules and degree of statistical agreement of the rule. In some
embodiments, the predetermined rules are processed in the basis of medical knowledge.

Generally, the main elements of a fuzzy logic module are fuzzy sets of multiple inputs
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and single or multiple outputs, fuzzy rules structured according to the form of IF
(input)-THEN (output), and methods of fuzzification and defuzzification to evaluate the
fuzzy-rule output based on the input [6,7]. In the present invention, the fuzzy logic
module(s) can be used continuously to receive and / or respond to continuously
provided input parameters. In some embodiments, the fuzzy logic module(s) of the
present invention respond to a special event(s)

In this connection, it should be understood that the system of the present
invention provides a continuous controller using a fuzzy logic module to determine
possible modification of treatment parameters. The fuzzy logic module is not used as a
predictor predicting the next blood glucose level based on a mathematical model or as a
prediction tool predicting hypoglycemia.

The input parameters received by the second processor module include at least
one of the followings: past blood glucose level trend, current blood glucose level (e.g.
measured by subcutaneous continuous glucose sensor (CGS)), future blood glucose
trend, future blood glucose level.

The quantitative input parameters are preprocessed by the processing module to
yield at least one qualitative output parameter that predicts the glucose trace within a
predefined prediction horizon. In this connection, it should be understood that, each
patient having its own treatment history including several parameters, the prediction of
the glucose trace is calculated with respect to the parameters of the treatment history.
The fuzzy logic module outputs can be in percents of the individual treatment history.

The CTM aims to bring the patient's glucose to a specific target level. In order to
reach the final dosing recommendation, the CTM take into consideration the
recommendation of the CRM (in percentage), the predefined glucose target level and an
individualized patient's profile related data.

The system uses a processor module to analyze the measured data and utilize
such qualitative inputs as the history of treatment for the specific patient (e.g. glucose
Jevels as function of time and insulin treatment history) and the
individualized/personalized patient's profile (e.g. sensitivity to insulin/glucagon
injection, e.g. tendency to hypoglycemia).

The individualized patient's profile related data comprises parameters selected

from at least one of insulin sensitivity, glucagon sensitivity, basal plan, insulin/glucagon
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pharmacokinetics associated data, glucose target level or target range level, and insulin /
glucagon activity model.

The individualized patient's profile related data includes a set of parameters
previously calculated or updated/calibrated (learned in real-time) during treatment or
during monitoring procedure. In some embodiments, the individualized patient's profile
related data can be updated and/or calibrated before and / or during operation.

The calculated parameters may be extracted from pre-recorded data (e.g. from
continuous glucose sensor (CGS) readings, glucometer measurements, insulin treatment
and activity diary such as meal diary). These parameters are indicative of the patient's
condition with respect to a treatment, such as a response time to insulin absorption,
insulin sensitivity for meals and glucose levels and preferably also glucagon, all
preferably being a function of time and patient's current condition depending on his/her
activity. In this connection, it should be noted that the term "insulin/glucagon
sensitivity" is referred to the insulin/glucagon correction factor for glucose levels
correction for a closed loop session. For an open loop session, the term "insulin
sensitivity" includes also the correction of the carbohydrate.

The individualized patient's treatment history related data includes for example
the patient's insulin-delivery regimen (insulin basal plan and insulin correction factor
and / or insulin carbohydrate ratio) given to the patient at different hours of the day, the
insulin pharmacodynamics, and the patient's physical characteristics. The patient's
treatment history is updated continuously upon receiving measured data about the
patient dynamics during the monitoring/treatment procedure.

Both the patient's treatment history and the performance of control unit are
adjustable, enabling the system to deal with inter- and intra-patient variability.

As the invention utilizes the patient's profile, which includes a set of
calibratable/updatable parameters, the system applies a self-learning approach for
updated the patient's profile based on the executed treatment.

In a preferred embodiment, the system output is aimed at controlling the
patient's treatment by injection of both the insulin and glucagon. It should be noted that
glucagon can operate as a counter regulatory arm. Glucagon mimics the physiological
system in glucose regulation by utilizing the body’s own glucose reserves. Furthermore,
endogenous glucagon secretion is somewhat compromised in type 1 diabetes. Glucagon

thus improves glucose regulation and provides safer operation than could be expected
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from a closed-loop control system that relies on insulin alone. Moreover, by adding
glucagon, the system of the present invention can be more aggressive with insulin
dosing resulting in a significantly shorter time to reach target level with no
hypoglycemic events at either setting.

In some embodiments, the second processor module comprises a fuzzy logic
module operable in response to an event being invoked by a detector module analyzing
at least one pattern of glucose levels indicative of at least one event.

In some embodiments, the monitoring system comprises an event detector
module configured and operable to determine the occurrence or the probability of the
patient to be in a special event as a function of a time. The special event may be at least
one of sleep, meal, exercise and disease event or rest. The second processor module
(e.g. CRM) comprises a plurality of fuzzy engines each being associates with a different
special event. The second processor module is configured and operable to alternate
between at least two fuzzy logic modules, each handling a different event.

In particular, in some embodiments, the second processor module is operable as
a meal detection and treatment module configured and operable to generate an analysis,
and if needed a treatment modification, of the patient conditions affected by meal events
and therefore to monitor the blood glucose level.

In this case, the input parameters further includes at least one of the following
input parameters: time elapsed between detected special events, blood glucose level
with respect to the special event.

According to another broad aspect of the present invention, there is also
provided a method for automatic monitoring of diabetes-related treatment. The method
comprises: obtaining a reference data including individualized patient's profile related
data, individualized patient's treatment history related data; analyzing measured data
generated by at least one of drug delivery devices and glucose measurement devices;
and deciding about treatment modification in accordance with the reference data by
controlling the operation of the drug injection devices to enable real-time automatic
individualized monitoring of the treatment procedure.

In some embodiments, deciding about treatment modification comprises
determining the treatment modification in accordance with the individualized patient's

treatment history related data.
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In some embodiments, analyzing data comprises processing measured data
indicative of blood glucose level and generating first processed data indicative thereof,
and applying at least one fuzzy logic model to input parameters corresponding to the
measured data, the first processed data and the reference data, to produce at least one
qualitative output parameter indicative of patient's treatment.

In some embodiments, applying at least one fuzzy logic model to input
parameters corresponding to the measured data comprises classifying glucose blood
trends in different categories.

In some embodiments, the method comprises applying a prediction model for
predicting glucose trend in blood based on the measured glucose level or past glucose
level trend.

In some embodiments, deciding about treatment modification comprises at least
one of the followings: controlling an individualized basal plan; controlling a
insulin/glucagon sensitivity indicative of the correction of the current blood glucose
level to a target level, correction of carbohydrates and of the amount of insulin and/or
glucagon to be delivered; controlling the individualized blood glucose target level;
controlling the insulin and / or glucagon pharmacokinetics settings.

In some embodiments, controlling an individualized basal plan comprises
obtaining a series of individualized basal treatment rates as a function of time; obtaining
the measured data (measured glucose); determining an individualized time delay
between a basal treatment rate and changes in the glucose level to thereby obtaining a
series of basal treatment rates and corresponding changes in glucose level in a time
delay; selecting a basal plan which incorporates the basal rates that minimizes the
change in the glucose level in time.

In some embodiments, analyzing data comprises determining occurrence or the
probability of the patient being in a special event as a function of time.

According to another broad aspect of the present invention, there is also
provided a method for use in automatic monitoring of diabetes-related treatment. The
method comprises: analyzing open-loop measured data generated by at least one of drug
delivery devices, glucose measurement devices and determining patient's initial
treatment profile; receiving bontinuously measured data generated by at least one of

drug delivery devices and glucose measurement devices; applying a self-learning
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procedure for updating the patient's initial treatment profile during closed loop treatment
thereby monitoring of the diabetes-related treatment.

In some embodiments, the patient's initial treatment profile comprises at least
one of insulin sensitivity indicative of the correction of the current blood glucose level
to a target level, correction of carbohydrates and of the amount of insulin and/ or
glucagon to be delivered, basal plan, insulin/glucagon pharmacokinetics associated data,
glucose target level or target range level.

In some embodiments, determining the insulin sensitivity comprises using at
least one of the following parameters: carbohydrate consumed by the patient, measured
data, and patient's treatment.

In some embodiments, determining patient's initial treatment profile comprises
determining the amount of insulin active in the blood.

In some embodiments, determining the amount of insulin active in the blood
comprises determining the amount as a function of a special event.

According to another broad aspect of the present invention, there is also
provided a method for determining insulin basal plan. The method comprises: obtaining
a series of basal treatment rates as a function of time; obtaining measured data of
glucose level in the patient as a function of time; determining the personal time delay of
the patient measured from a basal treatment rates and changes in the glucose level,
thereby obtaining a series of basal treatment rates and corresponding changes in glucose
level in the patient; and; selecting a basal plan which incorporates the basal rates that
minimizes a change in the glucose level in time.

According to another broad aspect of the present invention, there is also
provided a method for determining insulin sensitivity for use in close-loop treatment of
a patient's need thereof. The method comprises obtaining a first glucose sensor reading
and a second glucose sensor reading defining a time window; obtaining the difference
between the first and second glucose sensor readings; adjusting the difference between
the first and second glucose sensor readings by estimating amount of glucose derived
from a consumed carbohydrate within the time window; thereby obtaining an adjusted
glucose amount; and determining the insulin sensitivity correction factor in accordance
to the relation between the adjusted glucose amount and insulin bolus provided during
the time window.

In some embodiments, the time window includes an open loop session.
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In some embodiments, the adjustment is achieved by assuming a coefficient
defining the proportion of consumed carbohydrate to glucose derived thereby.

The insulin sensitivity may be modified in accordance with the proportion
between minimum sensor reading during the time window and the lowest blood glucose
reading recorded in neither during impending hypoglycaemia nor hypoglycaemia. The
proportion between minimum sensor reading during the time window and the lowest
blood glucose reading recorded in neither during impending hypoglycaemia nor
hypoglycaemia can further modified by the maximum sensor reading in a time zone

prior to the obtaining of the minimum sensor reading.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

Fig. 1 is a schematic diagram of a treatment system utilizing a monitoring
system of the present invention;

Fig. 2 is a flow diagram of a method of the present invention for monitoring
diabetes treatment of a patient;

Fig. 3 is a graph illustrating the percentage of insulin active in the blood after a
bolus injection;

Fig. 4 exemplifies the parameters of the fuzzy logic module;

Fig. 5§ is a schematic diagram of a treatment system utilizing a monitoring
system of the present invention according to one embodiment of the present invention;

Fig. 6 is an example of the operation of the monitoring system utilizing a of the
present invention;

Figs. 7A-7D are a 24 hours closed loop session results conducted on a subject.
Fig. 7A shows the CGS readings (black line) and the reference measurements (black
diamond). Fig. 7B shows the insulin treatment delivered by the monitoring system of
the present invention. Figs. 7C and 7D show results from control performances
comparison between home care (circles) and by using the monitoring system of the
present invention (rectangular) using the Control Variability Grid Analysis [9] during
time period of 24 hours (Fig. 7C) and during night time (Fig. 7D).
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DETAILED DESCRIPTION OF EMBODIMENTS

Referring to Fig. 1, there is illustrated, by way of a block diagram, a treatment
system 10 for carrying out diabetes treatment (controllable delivery of insulin and
glucagon), utilizing a monitoring system 20 of the present invention. The monitoring
system 20 is associated with a glucose measurement device 22 (continuous glucose
sensor), and a drug delivery device 24 (insulin pump). The drug delivery device may
also comprise a glucagon delivery pump.

The monitoring system 20 comprises a memory utility 32 (referred in the figure
as History Log) for storage and/or update of reference data, including individualized
patient's profile related data, and individualized patient's treatment history related data.
The control unit 30 comprises a first processor module 34 for processing measured data
(referred in the figure as Data Analysis) indicative of blood glucose level 208 and
generating first processed data indicative thereof, a second processor module, that can
be also denoted as a control to range module (CRM) 36, comprising a fuzzy logic
module; the fuzzy logic module receives input parameters corresponding to the
measured data 208, the first processed data and the reference data, and processes the
received parameters to produce at least one qualitative output parameter indicative of
patient's treatment parameters. The control unit 30 is also includes a control to target
module (CTM) 38 for final determining whether any of the patients
conditions/treatment is to be modified.

Measured blood glucose (BG) level from measurement device 22 (either directly
measured or predicted from measured tissue glucose level, as the case may be) enters
the control unit 30.

The second processor 36 receives quantitative input parameters corresponding to
the measured data, the first processed data and the reference data, and processes the
received quantitative parameters to produce qualitative output parameters indicative of
patient's conditions and enabling to determine whether any of these conditions is to be
modified. Output of the data analysis module 34 (first processed data) is processed by
the fuzzy module of the second processor 36. The qualitative output parameters of the
fuzzy logic module 36 are then processed by a third processor module which can be also
denoted as the CTM 38 to determine whether any of the patient's conditions/treatment is
to be modified. The final decision relating data from module 38 may be used for

updating reference data in the memory utility 32.
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Measured data may also include special event, such as meals, physical activity,
sleep time etc.

Reference is now made to Fig. 2 exemplifying a flow diagram of a method of
the present invention for automatic monitoring of diabetes-related treatment. Generally,
the method comprises analyzing data generated by at least one of drug delivery devices
and glucose measurement devices; identifying patient's conditions; and deciding about
treatment modification by controlling the operation of the drug injection devices to
enable real-time automatic individualized monitoring of the treatment procedure.

In some embodiments, analyzing the data comprises providing reference data
(step 100). The reference data includes patient's profile related data 102; treatment
history related data 104, and a structure of rules or "table of rules" settings 105. The
structure of rules settings are based on the physician approach of evaluating the
measurements. The patient's profile related data 102 includes a set of parameters (and
calibratable or updatablé during the monitoring procedure or during the treatment) about
the patient's condition. For example, the patient profile is extracted from collecting data
several days prior to connecting the patient to the monitoring system.

In some embodiments, the set of parameters is automatically modified by a
learning algorithm.

In some embodiments, the treatment modification comprises at least one of the
followings: controlling an individualized basal plan; controlling patient specific insulin
sensitivity for glucose levels (referred as a "correction factor”) indicative of the
correction of the current blood glucose level to a target level and of the amount of
insulin/ and or glucagon to be delivered; controlling the individualized blood glucose
target level; controlling the insulin and/or glucagon pharmacokinetics settings to
determine the sensitivity of each patient to insulin and/or glucagon respectively.

More specifically, at least one of the followings conditions is controlled:

(1) Basal Plan: The rate of insulin to be injected to the patient during an entire
day, according to the time of the day. For example, type 1 patient receives a continuous
dose of insulin during the day. This dose can be changed during the day, depending on
the change in the patient sensitivity to insulin. Basal Plan can be represented as a series
of individualized basal treatment rates as a function of time. The role of the basal
treatment is to treat with the endogenic release of glucose by the liver. Therefore, an

optimal basal plan will keep the glucose levels stable.
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(2) Correction Factor (CF) Insulin/Glucagon Plan: The following equation (1) is
used to correct the current BG level to the target level (defined as a reference level for

Insulin/glucagon calculation) and to calculate the Insulin/Glucagon bolus:

abs (Currem‘BG —Targ et)
CF

Due to the change insensitivity to Insulin/Glucagon, the CF can be set for each

(1)

CorrectionBolus (Insulin / Glucagon) =

hormone according to the time of the day.

(3) BG Target — The blood glucose level target is defined per patient as a
reference level to be used for example for the correction of the Insulin/Glucagon bolus.

(4) Insulin/Glucagon Pharmacokinetics (PK) Settings: A precaution curve is
developed to determine the sensitivity of each patient to Insulin/Glucagon, as will be
detailed below.

(5) Optionally, the structure of rules settings of the fuzzy logic module such as
categorized blood levels (e.g. very low, low, normal, normal high, high and very high)
as will be detailed below.

Turning back to Fig. 2, the measured data 106 is indicative of the BG level at a
certain period of time, being directly measured in the blood or the subcutaneous tissue.

The analyzing of the data is carried out by processing measured data 106 in the
data analysis 34 and generating first processed data indicative thereof (step 115). A
fuzzy logic model is applied (step 120) to quantitative input parameters (step 118)
corresponding to the measured data 106, the first processed data by using a structure of
rules settings to produce qualitative output parameters indicative of patient's conditions.

In some embodiments, processing of the measured data (step 115) includes
calculation of a past trend in a glucose level change (step 110), predict the future BG
level value (step 112), and using the prediction results to calculate a future trend (step
114).

In this connection, it should be understood that the glucose past/future trend is a
parameter influenced by three factors: (7) the average rate of change in the glucose level
in mg/dl per minute in a certain time window (i.e. the average rate of change), (i) the
course of change (i.e. ascending or descending) and (iii) the duration of this course.

The quantitative input is a vector of parameters supplied from the measured data
relating modules 106, 110, 112 and 114.
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For example, the quantitative input include the followings four parameters: the
past trend, the future trend, the current BG level and the predicted level of the BG.

The fuzzy logic processing 120 is utilized to transform, using the structured of
rules settings, the quantitative input vector to qualitative output vector (e.g. multiple
vector) (step 122) denoted as Fuzzified input vectors indicative of the patient's
condition. In some cases, multiple Fuzzified input vectors are obtained from the fuzzy
logic processing and each Fuzzified input vector is associated with a matching rule (step
124) of the "table of rules" defined above. In these cases, each matching rule is assigned
with a statistical agreement factor which describes to what degree each rule is applied.
All applied rules are stacked according to their statistical agreement and a deFuzzy
Function calculates the deFuzzified Quiput Vector (step 125) which includes the fuzzy
logic recommendation to changes in the treatment in percentages.

For example, the following input vector: [0.7 110 2 170] is interpreted as
follows: in the last 20 minutes, the trend was 0.7 [mg/dl/min], the current blood glucose
level is 110 [mg/dl], the predicted trend of the blood glucose level is 2 [mg/dl/min] and
the predicted value in the 30 minutes is 170 [mg/dl]. When this input vector goes
through the fuzzy logic module 36, it is translated to the following Fuzzified input
vectors:

1. [High Normal VeryHigh NormalHigh]

2. [High Normal VeryHigh High]

These Fuzzified Input Vectors match rule number 73 (73 % agreement) and rule
number 204 (27 % agreement). Both of these rules outputs take into consideration and
their output member functions be stacked according to their weight (i.e. their statistical
agreement percent).

The deFuzzy Function calculates the center of weight of those stacked functions
(for each of the outputs separately) to weight all the relevant rules and gives the
following deFuzzified Output Vector: [50 2.59 0] |

Generally, each rule includes a modification of the current treatment delivered to
the patient, adapted to a specific patient condition indicated by the Fuzzified input
vector. As described above, the treatment parameters (i.e. deFuzzified output vector)
include at least one of the following parameters: the modification of the basal rate
and/or the insulin/glucagon bolus percentage. Each rule is also associated with a

contribution factor (weight) which designates the likelihood of the patient's condition
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being associated with the specific rule. More specifically, the weight is the probability
of such rule to occur in real life, quantized to a number between 0-1. The weight can
also be determined in accordance with the importance assigned to the rule. In addition,
the weight may also be in accordance with a special event handled by the fuzzy logic
engine.

The initial recommendation received from the CRM 34 is in percentage. To
determine the dosing amount of the two outputs in units or units/hour, the CTM 36
considers the recommendation of the CRM 34 as well as the glucose target level.
Special glucose dynamics analysis is then applied, assuming the dosing regimen history
and safety constraints related to the insulin pharmacodynamics, and amount of glucagon
and/or insulin active to yield the final dosing recommendation.

The current amount of glucagon and/or insulin active (G, » L. ) S€ction in

the blood is determined according to the patient's profile 102 (step 126), as exemplified
in Fig. 3, illustrating the precaution curve determining the pharmacodynamics of a
patient to insulin/glucagon. This curve is indicative of the percentage of the
insulin/glucagon "active" in the blood at a certain time after the delivery of the
insulin/glucagon bolus. The present invention therefore provides a system for use in
monitoring diabetes treatment of a patient, the system is configured and operable to
modify or provide a treatment (i.e. insulin/glucagons bolus or basal treatment) in
accordance to the insulin/glucagons pharmacodynamics of the treated patient. In some
embodiments, insulin/glucagons pharmacodynamics is represented by a curve or a
function describing the percentage (or otherwise amount) of the insulin/glucagon
"active" in the blood at a certain time after the delivery of the insulin/glucagon bolus.
Moreover, the present invention also provides a method for use in monitoring diabetes
treatment of a patient. The method comprises obtaining insulin/glucagons
pharmacodynamics of the treated patient; and adjusting a treatment (ie.
insulin/glucagons bolus or basal treatment) in accordance to the insulin/glucagons
pharmacodynamics of the treated patient.

The amount of insulin (e.g. percentage) present in the blood is represented at
three different period of times (P1, P2, P3) characterizing the activity of the insulin
since the last bolus injection. Similar graphs, specific to each patient, designating the
patient's absorbance (i.e. decay rates) of insulin/glucagon after bolus or basal treatment,

can be genérally included in the patient's profile. These decays rates may be used
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together with the treatment history to determine the amount of active insulin/glucagon
present in the blood.
The calculation of the active insulin and active glucagon is done by the CTM
module 38 using insulin and glucagon treatment history 104 and the patient's individual
5  pharmacodynamics of glucagon and insulin taken from the patient profile 102, as
detailed above.
The calculation of the active glucagon at the current moment is performed as
follows: The times and doses of glucagon are given, denoted as 7G and VG, both

vectors of size N. The current time is denoted by ¢,. The active glucagon is denoted

10 by Gac,,-ve . The activity function of the glucagon f G (t ) is determined by the patient
individual settings:
([ P 1<t
P, 1<t<t,
fe®={R(t-1)
(& —1,)

0 1<t

t,<t <t

\

Where ZL1_39P1_3 are Glucagon time constants which are individually set for

each patient, and can be learned and updated automatically by a self-learning algorithm.

15 The active glucagon is calculated as follows:
N
Gote = D VG- f5(t, ~TGTi)
i=1
Similarly, the active insulin can also be calculated at the current moment:

The times and doses of insulin are given, denoted by 77 and VI, both vectors of

size K. The current time is denoted by Z, .The active insulin is denoted by Liie -

20 The activity function of the insulin fI(t ) is determined by the patient

individual settings:
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[ P 1<t
B, t,<t<t,
fi®=1E(t=1) 1<t <t,
(’6_t5)
0 1<t

where 14_5 > P4_6 are insulin time constants which are individually set for each

patient, and can be learned and updated automatically by a learning algorithm.

K
The active glucagon is calculated as: L = Z VI[i]- f; (¢, —TI[i])
: i=1

The amounts of hormones (i.e. insulin and/or glucagon) to be delivered is
determined (step 128) by the CTM module 38 based on the initial recommendation
received from the fuzzy logic module 36 (in percentage unit), the patient's treatment
history 104, the insulin/glucagon sensitivity (from the patient profile 102) and the
amount of hormones active in the blood 126, for example as follows:

The fuzzy logic output vectors are indicative of G,,B, and Ba, being the

percentage recommendations for the Glucagon, Bolus Insulin and Basal Insulin

respectively. (G, varies from 0 to 100 [%], By varies from 0 to 100 [%] and Ba, varies

from -100 to 100 [%]). The corresponding amounts of Glucagon, Bolus Insulin and

Basal Insulin to be received by the drug delivery device are denoted as G,,, 5, and Ba,.
S is the last sensor reading. £F; and CF; are the glucagon and bolus insulin sensitivity

factors, which are a part of the patient's profile and set individually for each patient and
can be learned in real-time. They are time-dependent and change for different times of |
the days to reflect natural changes in glucagon and/or insulin sensitivity.

GT is the patient individual glucose target level.

Basically the amount of glucagon and insulin dose treatment is defined
respectively as follows:

5~-&T

&

Fig ® 627 + 0.01- Gactive H
F-6T
B.s = CFy = 'Bp #0.01 -Iactive
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G

active ?

I

active

being the active glucagon and insulin whose calculation was
defined above. If G, is negative or G, is lower than 50%, &; is 0. If B is negative, B, is

0.
Similarly, the basal treatment is defined as follows:

Bag = fa, {£,) = (1 + 0.01 = Ba,}, fa is the patient's basal plan indicative of the basal

rate for each hour of the day. The function is defined in the patient's profile and can be
defined individually for each patient. In addition, this function can be updated by a
given data set indicative of the precedent modified treatments using the teachings of the
present invention.

Determining the glucagon bolus, basal rate and the bolus treatment, recent

treatments are taken into account. t; and tp are the time which passed since the last

glucagon delivery and the last bolus insulin delivery, respectively. In case, there was no

glucagon delivery or no bolus insulin delivery, ¢z = 2. and £z = ©o. &, is the current
time. The response time to glucagon/insulin absorption are the constant times i;

determined by the activity time of the glucagon and insulin.
These are individual settings for each patient, for example as follows:
Ift, <t G, =G, B,=0andBa,=0
Ifg, <t £, &, =6, B,=0and Ba, = Bas~0

-3

If & < i, the following approach has to be adopted: BT is the glucose level
threshold which allows bolus delivery. FB is defined as the first bolus to be delivered
typically having a relatively high value. SB is defined as the second bolus to be
delivered typically having a lower value than FB.

FB is true if S>BT and £.>0.5 and £ < t,. Otherwise FB is false.

SB is true if S>BT and B>0.25 and tz = t,. Otherwise FB is false.

If SB is true or FB is true then G, = 0, B, = B, and Ba, = Ba,.. Otherwise
G, =0, B, =0 and Fa, = Ba,

Reference is made to Fig. 4, illustrating the qualitative input parameters
definition of the fuzzy-logic module 38. These parameters are individualized (i.e.
adaptable to each patient) and they can be automatically changed by the control unit.

For example, the qualitative input parameters include fuzzy values of the BG

values in mg/dL categorized in six levels (very low, low, normal, normal high, high and
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very high) and having a low bound and a high bound. The qualitative input parameters
also include fuzzy trend of the BG trends in mg/dL/min categorized in five levels (Steep
Descent, Descent, Normal, Rise and Steep Rise).

The first processor module 34 preprocess the measured data 106 to calculate
trends in the glucose traces (past trend 110 and future trend 114) and predict the future
glucose trace 114 in a certain horizon.

Trend of glucose level is determined as follows. Trend of glucose level can be
determined in accordance with the average rate of change in glucose levels in a certain

time window. The average rate of change in glucose level in a certain time window

(Avgé[t,.]), for example, can be calculated with a moving average method to

determine the amplitude (to quantify the trend) and the course of the trend. The trend of
glucose level can be used in turn to select a qualitative input parameter which suitably
describes the trend as detailed herein. A trend of glucose level determined with respect
to a time zone prior to a present time is denoted as past trend. Therefore, past trend can
relate to a trend preceding a contemporary measured glucose level.

The trend duration factor can be employed to provide the trend a time measure

of coefficient. The trend duration factor 7, can thus be defined as follows:

L0 Ty pe <7,

Typ = 2(T—SLE—151—J+1,71 <Tgre <7, (11)
)
3,Tgirc > 75
where Tszyc [min] is the point in time when the glucose trend changes from

descent to ascent or vice versa, and 7, is a time constant. The trend parameter is defined
as a function of 4vg G[t,] andzy, . For example, the trend parameter can be determined

as follows: calculated trend = Avg G [t ]x7m

For example, if the past BG levels in the past 20 minutes were BG =

[153,140,137,128,120], and the time difference between each glucose reading is 5

minutes; the Ang.}[t,.] will be -1.33 mg/dl/min. Since this Avgé[li] has a negative

sign, it means the glucose levels are descending. For example, if the Ts;rc is 45 minutes



10

15

20

25

30

WO 2010/097796 PCT/IL2010/000161

-23-

(i.e. the glucose levels are descending for 45 minutes) then 7, is 2. Thus, the

calculated trend will be -2.66 mg/dl/min.

To predict future glucose levels, several prediction models may be used
independently or as a combination with the monitoring technique of the present
invention. The prediction models enable to overcome sensing and delivery delays. The
predictor output is used by the fuzzy logic module.

As indicated above, the CRM 36 uses the reference data 100 and may be a
Mamdani-type fuzzy logic controller with four inputs: past and future glucose trend

(B.(;Past and BG ruwe) as well as current and future glucose level (BG,,, and BGrpro)-

For example, a set of treatment rules was developed, with two outputs for each rule: (a)

change in basal rate (Ba,) and (b) portion of insulin bolus (B, ) (in percents from the

patient's basal plan and the calculated bolus, respectively). To translate the clinical
meaning of the input parameters using the fuzzy sets of rules, each member function for
the input parameters had to have an interval in which the function's value is 1, followed
by a smooth decrease to 0 outside this interval. Therefore, two-sided Gaussian curve
member functions were selected. For the output parameters, Gaussian member functions
were selected in order to prevent redundancy and to maintain the smooth transition
between member functions.

The fuzzy rules were phrased in collaboration with the medical staff. The rules
were designed to keep the glucose levels stable within the 80-120 mg/dl range. To
evaluate the rule antecedents (i.e. the IF part of the rules), the AND fuzzy operation was
used. The output (defuzzification) was calculated by a centroid method. The CRM
output treatment suggestion was then transferred to the CTM 38.

By way of non-limiting examples, the fuzzy logic modules of the present
invention can be implemented by using computerized engines such as MATLAB by
MathWorks. Where exemplification relates to MATLAB, reference to member function
(MF) shall refer to build-in member function provided therein.

The followings inputs are examples of the qualitative parameters that may be
used in the fuzzy logic module of the present invention.

Inpﬁt 1: past trend indicative of the calculated trend of the blood glucose level,

based on data recorded by the sensor in the past 20 minutes.
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Input 2: future trend indicative of the calculated trend of the blood glucose level
for the next 30 minutes, based on the predicted data.

The past trend and future trend values are classified as follow:

Steep descent — The range is defined from -5 [mg/dl/min] to -2 [mg/dl/min].The
member fimction is defined as a Z-shaped function using the range borders -0.1 / +0.1
respectively as the Z-Shaped function parameters.

Descent - The range is defined from -2 [mg/dl/min] to -0.5 [mg/dl/min].

The member function is defined as a Gauss2 function using the range borders
+0.1 / -0.1 respectively and 0.075 as the variance.

Stable - The range is defined from -0.5 [mg/dl/min] to +0.5 [mg/dl/min].

The member function is defined as a Gauss2 function using the range borders
+0.1 /0.1 respectively and 0.075 as the variance.

Rise - The range is defined from +0.5 [mg/dl/min] to +2 [mg/dl/min].

The member function is defined as Gauss2 function using the range borders +0.1
/ -0.1 respectively and 0.075 as the variance. |

Steep rise - The range is defined from +2 [mg/dl/min] to +5 [mg/dl/min].

The member function is defined as an S-Shaped function using the range borders
+0.1/10.1 respectively as the S-Shaped function parameters.

The person skilled in the art would appreciate that the ranges and time interval
can also be modified in accordance to a particular treatment to be envisaged.

Input 3: current blood glucose level indicative of the last blood glucose level
recorded by the sensor.

Input 4: future level indicative of the predict blood glucose level in the next 30
minutes.

The current blood glucose level and the future level indicative of the blood
glucose level are classified as follow:

Very Low - The range is defined from 50 [mg/dl] to 70 [mg/dl]

The member function is defined as a Z Shaped function.

Low - The range is defined from 70 [mg/dl] to 90 [mg/dl]

The member function is defined as a Gauss2 function.

Normal - The range is defined from 90 [mg/dl] to 140 [mg/dl]

The member function is defined as a Gauss2 function.

Normal High - The range is defined from 140 [mg/dl] to 170 [mg/dl]
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The member function is defined as a Gauss2 function.

High - The range is defined from 170 [mg/dl] to 250 [mg/di]

The member function is defined as a Gauss2 function.

Very High - The range is defined from 250 [mg/dl] to 500 [mg/dl]

The member function is defined as an S Shaped function.

All the parameters (S-Shaped and Z-Shaped functions parameters, Expectancy
and Variance for the Gauss2 functions) for the member functions are calculated to meet
the following rules: (1) the S-Shaped and Z-Shaped functions have to meet at y=0.5;
and (2) S-Shaped and Z-Shaped functions have 5% of overlapping.

The person skilled in the art would appreciate that the ranges and time interval
can also be modified in accordance to a particular treatment to be envisaged. The
followings outputs are examples of the qualitative output parameters:

Output 1: Percentage of change of basal rate i.e. basal rate indicative of the
recommended change, in percents relatively to the default contemporary basal rate
(0%), in the delivered basal rate. The percent change can be between -100 % (stopping
insulin delivery) to 100% (double the default contemporary basal rate). This range can
be quantized into equally separated steps.

Output 2: Percentage of bolus indicative of the suggested percent of the
calculated insulin bolus. The percent change can be between 0 % (No bolus) to 100%
(All bolus). This range can be quantized into equally separated steps wise ranges.

Output 3: Optionally, glucagon indicative of the suggested percent of the
calculated glucagon. The percent change can be between 0 % (No Glucagon) to 100%
(All Glucagon). This range can be quantized into equally separated steps wise ranges. .

The number of input may be from one to four inputs and the number of outputs
may be from one to three outputs.

The structures set of rules can comprise a combination of treatment strategies
that can be modified according to each treatment procedure. The strategies may for
example overlap while other strategies may be independent from each other. These
strategies are represented by a certain relationship between the qualitative input
parameters and the corresponding output parameters. The monitoring system of the
present invention can determine which appropriate set of rules (appropriate number and
combination) can be used to suggest optimal output parameter(s).

For example, the set of rules includes 96 rules, such as:
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. Rule #7: If the Current Blood Glucose Lgvel is Low than do not give any
bolus;

. Rule #22: If Current Blood Glucose Level is Normal and the Future
Trend of Blood Glucose is Descent than decrease the basal rate by 60%,

° Rule #28: If the Current Blood Glucose Level is Normal than do not
change the basal rate;

. Rule #53: If the Current Blood Glucose Level is NormalHigh and the
Predicted Blood Glucose Level is at NormalHigh than increase the basal rate by 60%,;

o Rule #55: If Past Trend of Blood Glucose is Not Descending, the
Current Blood Glucose Level is at NormalHigh, the Future Trend of Blood Glucose is
Stable and the Predicted Blood Glucose Level is AboveNormal than give 50% of the
suggested bolus.

Generally, each rule includes a relationship (e.g. modification) between the
current specific patient's condition deduced from the values of the input parameters and
the appropriate treatment to be delivered to the patient. In particular, the rules can
define a relationship between qualitative parameters and a suggested treatment to the
patient. For example, the rule can provide relationship between past traces or patterns of
glucose measurements to the appropriate treatment. In another example, rule can
provide relationship between predicted traces or patterns of glucose measurements to
the appropriate treatment. The appropriate treatment can accommodate bringing the
range of measured glucose level to a desired range. The patterns or traces (past or
predicted) can be represented by a calculated trend. In respect, glucose traces or patterns
can be represented by a series of glucose measurements each obtained at a certain time.
Thus, glucose traces or patterns can also be represented by at least two glucose
measurements obtain at a time interval. Predicted trends can be deduced from the past
traces or patterns i.e. past traces or patterns can be used to determine a predicted traces
or patterns. Such determination is typically performed by employing a prediction model,
some of which are known in the art. Moreover, one element (a glucose level) of a
predicted trace or pattern can be selected to be the predicted blood glucose level or a
future level.

Reference is now made to Fig. 5 exemplifying a flow diagram of a treatment
system utilizing a monitoring system of the present invention according to one

embodiment of the present invention.
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In some embodiments, the system comprises an event detector module 302
operable to determine the occurrence of an event or the probability of the patient to be
in a special event as a function of a time. The special event may be sleep, meal, exercise
or disease event. The event detector module is designed to detect such si)ecial dynamics
associated with each special event. Based on the event that was detected, the proper
CRM and CTM are selected.

In some embodiments, at least two controllers are used: rest time controller (for
example, the fuzzy logic engine previously discussed above) and a controller designed
to deal with the special event, such as a meal, which is referred to as meal treatment
module/meal time controller. Therefore, the present invention provides for alternating
between at least two fuzzy logic engines (rest time controller and meal time controller).

According to some embodiments of the present invention the control unit 30
comprises an event detector 302 capable for detecting meal events. In case a meal event
was detected, a meal treatment module 306 configured and operable to generate an
analysis of the meal event is activated. The meal treatment module 306 if needed
provides a treatment modification of the patient conditions to suite the meal events. In
other cases, when no meal event was detected, the Rest Time Controller 304 is operable.
Each controller has its own CRM (402 and 502) and CTM (404 and 504), respectively.
The CRM 502 and CTM 504 of the Rest Time Controller 304 are similar to the modules
described above. The CRM 402 of the meal treatment module 306 runs a different table
of rules. Each rule can comprise a proposed modification of the possible
insulin/glucagon treatment during meal.

Specifically, an event detection module 302 is utilized to detect an event which
requires specialized treatment. For example, a meal detection module can be used in
order to allow a treatment suitable to an event of meal. This module monitors the blood
glucose level and analyzes pattern(s) or traces of glucose levels. In some embodiments,
the meal event detector can use the definitions of the glucose qualitative parameters as
they were defined for the fuzzy logic module above. On detection of an abnormality in
the blood glucose level, a special event is invoked allowing the system and providing
the required resources of time (or otherwise) to handle the event.

In addition, a procedure or test can be used to detect the occurrence of a special

event such as a meal event. Several tests can be employed in this respect. A test can also
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be employed to deny a meal event from the patient. In some embodiments, a meal event
is determined in accordance to a pattern or trace of glucose measurements.

The following terms are used in the followings possible tests:

The term "Relevant Trend for Special Event Long" refers to the trend of the
blood glucose level log/ pattern as determined in N samples, typically the recent or last

N samples. Optionally, the trend can be determined in accordance to method previously

elaborated herein. The trend(s) can conveniently be denoted as a;..ay and the relative

times are Ty.. Ty While 7; > Ti4.
The term "Relevant Trend for Special Event Short" refers to the trend of the
blood glucose log/ pattern as determined in M samples while M<N. Typically the recent

or last M samples are used in this event. The trend(s) are a;..a; and the relative times
are Ty.. Tz whilet; > 7;54. Optionally, the trend is can be determined in accordance to

method previously elaborated herein

The term "Duration" refers to a predefined number of sample which represents
the amount of samples used for analysis.

The term "Differential for Special Event Long" refers to the slope (or
derivative) of the blood glucose log/ pattern as determined in N samples, typically the
recent or last N samples. The trend(s) are o .. dy and the corresponding sample times of
the trend(s) are 14.. Tty while 7; > 24,

The term "Differential for Special Event Short" refers to the slope (or
derivative) of the blood glucose log/ pattern as determined in M samples while M<N.
Typically, the recent or last M samples are used in this event. The trends are d;..cly; and
the corresponding sample times are Ty .. Tas while 7; = Tp44.

In some embodiments, an event is determined in accordance to pattern or traces
of glucose level measurements. In some embodiments, occurrence of the event is
determined in accordance to a trend of pattern or traces of glucose measurements. The
event can be a meal event or a default stable glucose level (i.e. a steady state of
measured glucose level). In some embodiments, the trend is any of Relevant Trend for
Special Event Long or Relevant Trend for Special Event Short.

Specifically, an event (such as a meal event) can be determined in case the trend
exceeds a defined threshold or a threshold of defined qualitative input parameters.

Optionally, the event can be determined if the calculated trend exceeds a preceding
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trend of traces of glucose measurements. In some embodiments, an event can be
determined if the calculated trend exceeds a defined threshold for a defined duration.

In addition, an event (such as an exercise event) can be determined in case the
trend decreases below a defined threshold or a threshold of defined qualitative input
parameters. The occurrence of the event can be determined if the calculated trend
decreases below a preceding trend of traces of glucose measurements. In some
embodiments, the event can be determined where the calculated trend decreases below a
defined threshold for a defined duration. For example, test A positively identifies a
meal event if the following condition is satisfied ¥a € Relevant Trend for Special Event
Short:

i. B = Rieyg
ii. a, = w- {Low Boundry of Steep Rise) + {1 —w) - (Low Bound of Rise)
B lw sl

where, w is a weight factor which will be set empirically;

The qualitative parameters may be defined as low boundary of steep rise and
low bound of rise set empirically by the user or automatically by an automated
procedure

Test B will positively detect a meal event if the following conditions are
satisfied ¥a € Relevant Trend for Special Event Long:

iii. At least for Duration of the samples &; = Siabie
iv. a = Stedle and a; > Stable

where, the definition of Stable can be according to the definition of Stable
member functions in the fuzzy engine or otherwise set by the user.

Test C will positive detect a meal event if the following terms are satisfied ¥a &
Relevant Trend for Special Event Short: The difference between the blood glucose level
at T; and the blood glucose level at 7y is at least X

V. The difference between the blood glucose level at 1 and the blood
glucose level at Ty is at least Y, while Y > X

Test D will positively identify a meal event if the following terms are satisfied

Ya; | i =1,2,3, a;> w- (Low Boundry of Steep Rise) + {1 —w) - (Low Bound of Rise)
, where, w is a weight factor which will be set empirically or by automated procedure.
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Test E checks that slope of the last (or previous) sample is smaller than Low
Bound Rise. TestE can be used to deny a meal possibility from the patient.

At each testing point during the operation of the systems or method disclosed
herein, one or more of the above tests above may be satisfied. Other test can also be
devised in that respect. A meal/event detection module can be configured and operable
to detect an event such as a meal by performing the detection tests. By running the meal
detection module on a large set of measured data, the probability of each single test to
detect the meal/event (i.e. the test's positive predictive value) can be ascertained, as well
as the probability combination of tests to detect the meal/event at the same sample time.
In addition, conditional probability of single test and/or combination of test(s) to detect
the meal/event given a previous sample can be ascertained. The meal detection module
can be tested on empirically data in order to calculate each test's positive predictive
value. The result of the calculation can then be used as the probability for each test to |
positively detect a meal event. The absence of a meal event can also be detected in
similar manner.

The following table provides an example for the probabilities of each test (that
were described above) and tests combinations that were calculated using the 10 adult
group from the training version of the UVa/Padova simulator [5]. The test or test
combination frequency of use (1 — most frequently used and 14 - rarely used) is a
parameter which scales the tests according to the number of times in which they were
activated. For example, the probability of Test A to positively detect a meal is 100%

however it is rarely activated.

Test Combination Probability to positively Test's frequency of use
detect a meal event
A 100% 13
AB 88% 12
ABC 72% 4
ABCD 90% 1
ABD 0% 14
AC 84% 5
ACD 100% 10
AD 0% 14
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B 23% 8
BC 28% 6
BCD 72% 2
BD 54% 9
C 43% 3
CD 83% 11
D 67% 7

The output of the meal detection module can be either positive or negative. In
addition, the output of the meal detection module will be the probability that a special
event, i.e. meal or sudden rise of the blood glucose levels, occurs. -

A threshold probability (P%) can be determined for the occurrence of the special
event. Once the system recognizes that the probably for a special event exceeded the
determined threshold, it can switch the CRM and CTM previously used i.e. either a
default CRM and CTM (referred in figure 5 as Rest Time Controller 304) or another
treatment module designed for other special events.

The CRM 402 of the meal treatment module 306 uses a fuzzy logic engine
which typically has the same working principles described for the rest time CRM 502. It
may differ in the input parameters and it may have the same output parameters or
modified output parameters. A possible strategy for meal related CRM fuzzy logic
engine ("special event fuzzy engine") is based on the time elapsed from the first
detected special event of a measured series. It can thus allow application of treatment
rules comprising greater amount of insulin in a first stage in order to deal with the
special event. On the other hand, it allows the system to be more decisive on decreasing
the basal rate and even stopping the insulin infusion in order to prevent hypoglycemia.

There are several conditions which can control the switching or alternating
between the meal treatment module 306 and Rest time controller 304.

For example, if the last used module is the rest time controller, the conditions
can be as follows:

1. Obtaining the blood glucose level reading;

2. If the probably of special event is P% or higher, switching to the special
event fuzzy engine, otherwise continue with the rest time controller

For example, if the last used controller is the meal treatment module:
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1. Get the blood glucose level ([BG,y - BG;)) reading and past glucose
0 a
trend ([BGi—N : BG,}) for time samples [t,_y - 1 ];

2. if one of the following conditions is satisfied- switching to the rest time

controller;

a 0]
a. If each value I:BGi—N : BGi] is the range of Stable AND each of the

samples [B G;_y : BG; ]is lower than a threshold, for example, 130 mg/dl;

b.  If each of the samples [BG,, : BG,] is in the blood glucose range of
[Blood Glucose Target — Y%, Blood Glucose Target + Z%] AND each of the samples

[§] u]
I:B Gi-v : BGi } is lower than high boundary of the Stable range;

3. Otherwise, if there has been more than T minutes from the first detected
special event of the previous/ last series and at current sample, a special event was
detected as well; set the current sample as the first detected special event of a new series
and continue using the meal treatment module;

4, If none of the above conditions is satisfied, use meal treatment module;

The input parameters for the special event fuzzy engine are as follows: Blood

glucose level trend in the last Ty minutes, current blood glucose level, predicted blood
glucose level trend in the next T; minutes, predicted blood glucose level in Tz minutes,

time elapsed since a first detected special event of a previous/ last measurement series,

blood glucose level trend in the last T; minutes before the first detected special event of

the previous/ last series and blood glucose level at the time of the first detected special
event of the last series.

The output parameters for the special event fuzzy engine are as follows: change
of basal infusion rate from the default basal and percent of insulin/glucagon bolus.

By way of non-limiting example, the input parameters and the corresponding
membership functions used herein below refer to MATLAB built membership functions
as follows: "smjf", shaped membership function; "Zm/", Z-shaped membership function;
"gauss2mf", Gaussian combination membership function; "frimf", Triangular-shaped
built-in membership function; and "trapmys", Triangular-shaped built-in membership
function.
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Qualitative inputs parameters:

. Past Trend of Blood Glucose (i.e. Blood glucose level trend in the last Ty
minutes [mg/dl/min])

MF name MF function | MF ranges

Rapid Descent Zmf -5,-2.5

Moderate Descent gauss2mf -2.5,-1.5

Slow Descent gauss2mf ~1.5,-0.5

Stable gauss2mf 0.5,0.5

Slow Increase gauss2mf 0.5,1.5

Rapid Increase Smf 2.5,5

Slow Increase or Stable | gauss2mf 0,1.5

Some Descent Zmf -5,-0.5

Not Rapid Descent gauss2mf -2.5,0

Not Rapid Increase gauss2mf 0.5,2.5

o Current Blood Glucose level [mg/dl]

MF name MF function | MF ranges
Low and Below Zmf 20,70
Normal gauss2mf 90,150
High gauss2mf 150,220
Very High Smf 220,300
Below Normal Zmf 20,90
Above Normal Smf 130,300
High and Above Smf 180,300
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o Future Trend of Blood Glucose (i.e. Predicted blood glucose level trend
in the next T minutes [mg/dl/min])

MF name MF function | MF ranges

Rapid Decrease zmf -5,-2.5

Slow Decrease gauss2mf -1.5,-0.5

Stable gauss2mf -0.5,0.5

Slow Increase gauss2mf 0.5,1.5

Moderate 1.5,2.5

Increase gauss2mt

Rapid Increase smf 2.5,5

Some Decrease zmf -0.5,-5

Not Rapid -0.5,-2.5

Decrease gauss2mt

Not Increasing zmf -5,0.5

Some Increase smf 0.5,5

Not Rapid Rise gauss2mf 0.5,2.5

Not Slow Rise smf 1.5,5

. Predicted blood glucose level in Tz minutes [mg/dl]

MF name MF function | MF ranges

Low and Below zmf 20,90

Normal gauss2mf 90,140

High gauss2mf 180,220

Very High smf 220,300

Not Low smf 110,180

Below Normal zmf 20,90

Not Above 70,130

Normal zmt

Above Normal smf 130,180

High or Very 180,300

High sint
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. Time past since the first detected special event of the last series [min])
MF name MF function | MF ranges

Meal Start zmf 0,45

During Meal smf 45,300

. Blood glucose level trend in the last T3 minutes before the first detected

special event of the last series [mg/dl/min])
MF name MF function | MF ranges
Slow Increase gauss2mf 0.5,1.5

Moderate Increase | gauss2mf 1.5,2.5
Rapid Increase smf 2.5,5
Not Slow Rise smf 1.5,5
Some Increase smf 0.5,5

Not Rapid Rise gauss2mf 0.5,2.5

5
) Blood glucose level at the time of the first detected special event of the
last series. [mg/dl]

MF name MEF function | MF ranges
Low and Below zmf 20,70
Normal gauss2mf 90,130
Very High gauss2mf 220,300
Below Normal zmf 60,95
Above Normal smf 135,220

10

15
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. Change in percent of basal infusion rate from the default basal [%]

MF name MF function | MF ranges
0 trapmf -100
0.2 trimf -80
0.5 trimf -50

1 trimf 0

1.5 trimf +50
2 trapmf +100
. Percent of bolus [%]

MF name | MF function | MF ranges
0 trapmf 0

0.5 trimf 50

1 trimf 100

1.2 trimf 120

1.35 trimf 135

1.7 trimf 170

2 trimf 200

2.5 trimf 250

3 trapmf 300

The person skilled in the art would appreciate that the glucose ranges, member
functions and time intervals can also be modified in accordance to suit particular

treatment envisaged.

The table of rules of the special event module (or special event CRM) may have

a number of inputs from one to seven inputs and a number of outputs from one to two.

The ranges of such inputs and outputs are defined per se and are not different for each

fuzzy logic module.

For example, the CRM for meal event includes 130 rules. Some exemplary rules

are provided as follows:
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. Rule #21: If Time Passed from Meal Start is not greater than 45 minutes,
Current Blood Glucose Level is Normal and Predicted Blood Glucose Level is Very
High than give 200% of basal and 300% of recommended bolus;

o Rule #84: If Time Passed from Meal Start is greater than 45 minutes, the
Past Trend of Blood Glucose is not increasing rapidly and Current Blood Glucose Level
is High than give 100% of basal rate and 100% of recommended bolus;

. Rule #110: If Time Passed firom Meal Start is greater than 45 minutes,
Current Blood Glucose Level is High, the Future Trend of Blood Glucose is not
increasing rapidly and Predicted Blood Glucose Level is High than give 100% of basal
rate and 120% of recommended bolus;

. Rule #126: If Time Passed from Meal Start is greater than 45 minutes,
the Past Trend of Blood Glucose is not Descending Rapidly, Current Blood Glucose
Level is Above Normal and Predicted Blood Glucose Level is Above Normal than give
100% of basal and do not give any bolus;

. Rule #128: If Time Passed from Meal Start is greater than 45 minutes,
the Past Trend of Blood Glucose is Stable, Current Blood Glucose Level is Above
Normal and Predicted Blood Glucose Level is Above Normal than give 100% of basal
and 100% of recommended bolus.

The meal detection and treatment module uses a combination of fuzzy logic
model and trend analysis of glucose profile. The system including a meal detection and
treatment module was evaluated on 24 hour in silico trials with three meals using the
UVA/Padova simulator. The improved system succeeded to increase the time spent
between 70-180mg/dl by 10% (p=0.02) by decreasing the time spent above 180mg/dl in
similar percent (p=0.02) and without increasing time spent below 70mg/dl. In both
systems, time spent below 70mg/dl was on average less than 1.6%. In addition, mean
BG level was decreased from 150 mg/dl to 138mg/dl (p=0.002).

Reference is made to Fig. 6 illustrating an example of the operation of the
system of the present invention. The encircled area is the current decision point (15h31)
of the system at which the measured data is a glucose level of 190 mg/dl. The portion of
the graph before the encircled area is the measured data stored in the History Log.

The patient profile includes basal plan, correction factor, active insulin etc. For

example the basal rate taken from the basal plan assigned for the time 15h31 is 0.9 units
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per hour, the correction factor is 50 mg/dl/unit and the predefined glucose target level is
110 mg/dL.

The data analysis 34 provides for example that the past trend is 0 mg/dl/min, the
future trend is -0.24 mg/dl/min and the predicted glucose level is in the coming 30
minutes is 179 mg/dl/min.

Since no special event was detected the Rest Time controller is applied.

The CRM 402 uses appropriate rules from the table of rules therefore increasing
the basal rate by 79% and deliver 73% of the calculated bolus. The CTM 404 outputs
that for a glucose level of 190 mg/dl, the insulin amount 1.6 units. 73% of the 1.6 units
of recommended bolus are 1.1 units. The suggestion may also be stored in the History
Log.

Since a bolus is recommended, the CTM decides to ignore the CRM
recommendation of increasing the basal rate and sends the following command to the
delivery pump: basal rate = 0.9 units/hour and bolus units. The insulin pump 24
receives the amount of insulin to be delivered.

According to another broad aspect of the present invention, there is provided a
method which improves and maintains the closed-loop system performance and
therefore the treatment on a specific patient. The method is a learning algorithm for
automatic analysis of control performances against intra-patient variances in the
glucose/insulin dynamics, with adjustments of the control parameters accordingly. The
learning method can be performed by an independent module to extract the patient
profile from data.

The method comprises analyzing initial settings based on open loop data, as well
as making periodical adjustments during close-loop operation.

The performances of the learning integrated method were evaluated using ten
subject adult population from the UVa/Padova simulator. A nominal simulation day
consists with three meals (at 9am, 2pm and 7pm, of 40g, 70g and 50g, respectively) was
defined. All subjects followed the same scenario which includes open-loop un-perfect
meals carbohydrate estimation (2 days) followed by close-loop (5 days) therapy. The
learning method was automatically activated after the open-loop section as well as after
every 24h of close-loop until achieving optimal performances. The clinical measures
achieved during optimal day of close-loop (OpCL), dayl of close-loop (D1CL) and
average open-loop (AOL) were compared (one way ANOVA). BG below 70mg/dl was
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0-0.4% in all days of simulation. While there was no significant change in the
administrated insulin, time spent in 80-120mg/dl was significant greater in OpCL
(53+£8%) versus DICL (41£8%) and AOL (18+8%) (p<0.001). Mean BG was
121+5mg/dl in OpCL compared to 129+7mg/dl in D1CL (p=0.01) and 140+7mg/d] in
AOL (p<0.001).

The present invention discloses an automated learning method and systems for
permitting automatic determination of the patient's initial treatment profile. These
methods can be performed by a dedicated module configured and operable to execute
them. The learning method can be divided into two main sub-procedures:

D An initial learning, which receives measured data of the subject during
open-loop associated treatment. Typically, the measured data is collected while the
patient is performing his own treatment at home. The data is typically generated by at
least one of drug delivery devices and glucose measurement devices and comprises the
sensor readings, meal amounts and times and/ or insulin treatment(s), either bolus and
basal. The initial learning procedure can analyze the data (measured or calculated) and
determine automatically the patient's initial treatment profile. The patient's initial
treatment profile include at least one of correction factor, basal plan, insulin/glucagon
pharmacokinetics associated data, glucose target level or target range level, glucagon
dosage, insulin bolus and insulin activity model,;

I The continuous learning procedure can update the patient's treatment
profile during the closed-loop operation. The patient's treatment profile include at least
one of basal plan, insulin sensitivity factors for carbohydrates and glucose level
correction, glucagon sensitivity factor and insulin/glucagon pharmacodynamics
associated data. The patient's treatment profile can be adaptive in accordance with
closed-loop history log.

The initial learning sub procedure and the continuous learning procedure can be
performed separately, sequentially or in combination.

In some embodiment, the insulin sensitivity factors (for carbohydrates and
glucose level correction, denoted as CF) are determined during the initial learning
procedure. In some embodiments, the insulin sensitivity factor is determined at least in
accordance with carbohydrate consumed by the patient, measured data of glucose
sensor reading, and the patient's treatment which can include insulin dosage, or basal

plan.
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Optionally, the data is collected while the patient was at home. In one
embodiment, optionally during the initial learning procedure, an insulin sensitivity
factor CF; is determined as follows:

- Determining CF; in accordance with carbohydrate amount, glucose and
insulin related data:

e = Ge=G.+dC-C

wherein G, is the first sensor reading [mg/dl] of the open loop session; G, is the

last sensor reading [mg/dl] of the open loop session; dC is a glucose to carbohydrate
ratio. The ratio of glucose to carbohydrate can be 3.33, (based on empirical knowledge);
C is amount of carbohydrate consumed [e.g. gr] during the open loop; and B is the
amount of bolus insulin provided [units of insulin] during the open loop session.

G,-G, is defined as the difference between G, (a first glucose sensor reading)
and G, (a second glucose sensor reading). The time interval between the two glucose

sensor readings can be defining a time window.

In some embodiments, the glucose derived from the consumed carbohydrate
within the time window is estimated. Such estimation can be performed by obtaining an
amount of carbohydrate consumed in the time window and transforming the
carbohydrate amount to glucose derived thereof.

The transformation can be performed by determining a coefficient defining the
proportion of consumed carbohydrate to glucose derived thereby e.g. (dC above). By
multiplying the coefficient with the amount of carbohydrate consumed in the time
window, the glucose derived from the consumed carbohydrate is determined.

Adjustment of difference between the first and second glucose sensor reading
can be effected by summing the difference between the first and second glucose sensor
readings and the glucose derived from the consumed carbohydrate; thereby obtaining an
adjusted glucose amount.

Determining the insulin sensitivity (e.g. CF1) can be determined in accordance
to the relation between the adjusted glucose amount and insulin bolus provided during
the time window. Relation can be the defined by the proportions between the respective

values as shown above.
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In some embodiments, G, may be the first reading of a portion of an open loop
session and/ or G, may be the last sensor reading of a portion of an open loop session.
In some embodiments, G, may be the first reading of a portion of a closed loop session
and/ or G, may be the last sensor reading of a portion of a closed loop session.

Optionally, the sensitivity factor such as CF; may be modified based on analysis
of the quality of glucose control of the patient using the data that was collected while
the patient was at home.

In some embodiments, insulin sensitivity factor (e.g. CFI) is modified in
accordance with measured glucose levels. For example, insulin sensitivity factor is
modified in accordance with minimum sensor reading or lowest blood glucose reading
recorded in neither during hypoglycaemia nor hypoglycaemia. In a specific example,
the insulin sensitivity is modified in accordance with proportion between minimum
sensor reading during the time window and the lowest blood glucose reading recorded
in neither during hypoglycaemia nor hypoglycaecmia. In some embodiments, the insulin
sensitivity is modified in accordance to the maximum sensor reading in a time interval
prior to the obtaining of the minimum sensor reading (an example is shown below).

Therefore, insulin sensitivity or CFI can further be modified in accordance with
factor (a) to produce a modified correction factor CF, in accordance with the

formula: ¢F2 =9 CH

wherein factor (a) is defined as the factor of modification of CF;.
Factor a may be determined, according to the following procedure:
If Thypo>0 or Tihypo > 1 -
If (Speak>Smin) and (Speak> UpperLimit)
a = (Speak - Smin)/ (Speak -UpperLimir),
Else
a = UpperLimit/Smin,
End
Else
wherein Thypo is a percent of time spent in defined hypoglycemia range during
the relevant period; Tihypo is a percent of time spent in defined impending
hypoglycemia range during the relevant period; Smin is a minimum sensor reading
during the relevant period; Smean is the average sensor readings during the relevant

period; Smax is a maximum sensor reading during the relevant period; Speak is a
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maximum sensor level in time range of up to three hours before the Smin tim, during the
relevant period; UpperLimit is the lowest blood glucose reading that is recorded neither
during impending hypoglycemia nor hypoglycemia; Sn_low is the lower boundary of
"strict normal” glucose range (can be empirically defined as the glucose range in the
range of about 80-120 mg/dl), which is typically set to be 80; Sn_high is the higher
boundary of "strict normal" glucose range, which can be set to be 120; dN is the
subtraction Sn_high-Sn_low.

A histogram (or alternatively a distribution function) can be determined by using
the measured glucose levels of the patient. The histogram is a function representing
occurrences of each measured glucose level of the patient during a certain time window.
P can be defined as summation of the occurrences (or an accumulated measured glucose
levels) at an interval of a specific width (dN representing glucose measurement
interval), wherein v is the initial glucose reading in this specific window, individualized
for each patient.

val = argmax, {P(v,v+dN )}, where P(v,v+dN ) is the percentage of glucose
readings with the range [v,v+dN]; argmax, means determining the v where P reaches

maximum value.

a=0.57-a_Tsn+0.28-a_Hyper +0.15-a_Mean 4 ...

a_Tsn = sn_low/val,

a_Hyper = 180/Smax; typically defined empirically

a_Mean = 110/Smean; typically defined empirically

W = [0.57 0.28 0.15], a weighing vector/coefficients, typically defined
empirically.

End

The person skilled in the art would appreciate that the weighing vector can be
adjusted or modified to suit particular insulin/glucagons treatments.

In some embodiments, therefore a histogram representing the occurrence of
measured glucose level of the patient during a certain time window is determined. The
Jocal maximum (or peak) in a glucose measurement interval can then be obtained, for
example by maximizing the function P(v,v+dN) as exemplified above.

Therefore, in some embodiments, the insulin sensitivity factor is modified in

accordance with the local maximum (or peak) of measured glucose level histogram
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within a glucose level interval. In some embodiments, the insulin sensitivity factor is
modified in accordance the accumulated measured glucose level in the histogram within
a glucose level interval. Modification of the insulin sensitivity factor can take the form
of transforming the accumulated measured glucose levels in accordance with a
weighing vector or coefficient.

In some embodiments, the safety of CF> or CF; can be tested to verify that
whether the insulin dosing provided is safe. The test can be performed by processing a
series of glucose sensor reading previously obtained for a treated patient (such as the
treated patient) i.e. a previous glucose trace. Thus, sensor readings from the open loop
session can be used to simulate insulin bolus recommendations for the closed-loop
session.

In some embodiments, the test is defined as follows:

If Bsim > Btotal
= ii:Zz et
Else
CF =CF,
End

wherein Bsim is total insulin boluses given by simulated closed-loop system (in
case when simulating the open loop sensor readings), Btotal is the total amount of bolus
insulin given during the open loop session.

As described above, the insulin sensitivity can include two separate factors:
insulin sensitivity for carbohydrates and insulin sensitivity for glucose levels correction.

In some embodiments, insulin/glucagons pharmacodynamics of an individual is
represented by a series or a curve describing the insulin/glucagon "active" in the blood
at a certain time associated with a meal event. Therefore, the initial settings can further
include determination of the pharmacodynamics parameters for insulin (denoted as
active insulin) for the individual patient, as concluded from the open loop data. Active
insulin can be defined with reference to a specific meal or to a series of meals.

Ali is defined as the active insulin for a specific meal. The time of the meal is
denoted as T0. For each meal (carbohydrates consumption noted in open loop data), a
first time window is defined starting from the specific meal 70 at the open loop data

until the next meal time or until seven hours after the meal, the earlier between the two.
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Peak sensor value after the meal is identified is denoted as Smmax. Minimum sensor
value which occurred after the peak is denoted as Smmin. The respective time tag when
the peaks where obtained is typically recorded, defining a second time window between
the time Smmax and Smmin. Sensor data during the second time window is obtained.
The obtained sensor data can be represented by a series of [T, Vi], where Ti are the
time tags of sensor readings with reference to the beginning the meal 70, and Vi are
sensor values measured at their respective Ti

In some embodiments, the measured sensor reading is normalized. The
measured sensor reading can be normalized to value between 0 and 1. Vi represents the
normalized value of the respective Vi.

Ni can be calculated as follows:

Ni = Vi/(Smmax-Smmin).

Normalized series [77, Ni] can thus be obtained.

In some embodiments, the series (either [77, Vi] or [Ti, Ni]) are modified (or
"forced") into a monotonic series such as a monotonic non-increasing series. Thus, in
one embodiment, a non-increasing series is obtained by associating each Ni to a
minimum normalized Nj, j=1 to i.

In other words, Ni = min( {Nj}, j=1:i).

For example, for the series Nj={1,0.9,0.8,1.2,0.7}, N; will be {1,0.9,0.8,0.8,0.7}.

The meal peak value i.e. at 70, can be added

[TO, 1] at the beginning of the series [ 77, Ni].

The series thus obtained represents the active insulin AJi for a specific meal.

Therefore, the present invention provides a method for determining a series or a
curve describing the insulin/glucagon in the blood at a certain time window associated
with a meal event, the method comprises obtaining plurality of sensor data measured
during the time window starting at TO, representing the time of the occurrence of the
meal; optionally normalizing the sensor data; and transforming the measured sensor
data (or normalized sensor data) to a monotonic non-increasing seties or curve; thereby
obtaining a series or a curve describing the insulin/glucagon in the blood at the time
window associated with the meal event.

The method for determining a series or a curve describing the insulin/glucagon

in the blood can be performed either during open-loop session or during a closed loop
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session (i.e. in real time). According, the patient's treatment profile can be modified
before, at an initial learning phase or during treatment.

In some embodiments, the plurality of sensor data measured during the time
window can be represented by a series of [T%, Vi], where Ti are the time tags of sensor
readings with reference to the beginning the meal 70, and Vi are sensor values
measured at their respective Ti.

In some embodiments, the step of transforming the measured sensor data to a
monotonic non-increasing series comprises associating each Vi of the resultant
monotonic non-increasing series to a minimum ¥}, j=1 to I in the measured sensor data.

In some embodiments, the step of transforming the normalized measured sensor
data to a monotonic non-increasing series comprises associating each Vi of the resultant
monotonic non-increasing series to a minimum normalized Nj, j=1 to I in the
normalized sensor data.

Where more than one meal took place, the active insulin series for a set of meals
can be obtained. In one embodiment, the active insulin for a set of meals is the median
of all the meal series {4Ii}. The resultant series, denoted as Al fotal represents an active
insulin curve. The values represent the percentage of insulin which is still active in the
treated patient. For example, elements of [t=25, v=0.8], within the Al fotal series, can
indicate that 25 minutes after injecting a bolus, 80% percent of insulin was still active.

In some embodiments, basal plan is monitored and optionally modified. Insulin
basal rate typically affects the dynamics of the glucose levels, but this effect is subtle
compared to the observed effect of carbohydrates consumption (meals) and given
insulin (boluses). Therefore, the open loop data is "cleaned" by taking out every
segment of glucose levels that might be affected by meals or bolus insulin.

In some embodiments, an effect window or zone of both meal and/ or bolus
injection is determined (either automatically or manually such as by the physician). For
example, the effect zone, can be three hours measured from the giving of the bolus or
the meal. Optionally, the effect zone is set to 2, 3.5, 4, 6 or 8 hours measured from the
giving of the bolus or the meal, or even more.

Glucose sensor readings (G(?)) and the basal rates (B(?)) during the effect zone
can be referred to as "clean data". A change of glucose levels in time (t) can be defined
by: DG(t) = dG/dt.
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Basal rates at B(#) will affect DG(t+4) due to the delay time caused by infusing.
A, the time delay can be derived by determining A=argmax( A, E{ B@)DG(t+A) } ),
wherein 4 is the parameter which maximizes the expectancy of the multiplied series
B®)*DG(t+4).

With a given 4, a series of [DG(t+4), B(t)] can be defined. Therefore, in some
embodiments, the relationship between bolus injections and change of glucose level is
represented by the series [DG(t+A4), B(t)], thereby obtaining a series of basal treatment
rates and corresponding changes in glucose level in a treated patient. Optionally, the
series [DG(t+A4), B(t)] can be interpolated the series values to find B(#) when DG(t+4)
= (), thereby enabling a selection of a basal treatment rate which minimizes a change in
the glucose level (e.g. B(?)) from the series of basal treatment rates. The obtained basal
treatment rate can be used to modify the basal plan of the treated patient e.g. by
inserting the obtained basal treatment rate as an element in the basal plan. Thus, the
basal treatment plan obtained provides for minimal changes in glucose level. This
method can be used for controlling a personal basal plan of the patient.

Therefore, in one of its aspects, the present invention relates to a method for
determining insulin basal plan suitable for a patient in need thereof, the basal plan is
characterized by reducing the changes to the glucose levels in the treated patient . The
insulin basal plan is derived from a series of basal treatment rates. The basal plan
obtained can thus be optimal. The method can be performed either during open-loop or
closed-loop sessions.

The method for determining of insulin basal plan from a series of basal
treatment rates for a patient in need thereof, comprises: obtaining a series of basal
treatment rates as a function of time; obtaining measured data of glucose level in the
patient as a function of time; determining series of changes in glucose levels as a
function of time; determining the personal time delay of the treated patient which is
estimated from the series of basal treatment rates and the series of changes in glucose
levels, thereby obtaining a series of basal treatment rates and corresponding changes in
glucose level in the patient; selecting a basal plan which incorporates the basal rates that
minimizes the change in the glucose level.

In some embodiments, measured data of glucose level in the patient is derived
from glucose sensor readings, denoted as G(#)) above. In some embodiments, basal

treatment rates as a function of time is derived from basal rates, denoted as B(#) above.



10

15

20

25

30

WO 2010/097796 PCT/IL2010/000161

-47 -

In some embodiments, the method is applied during a predefined effect zone. In
some embodiments, a change of glucose levels in time (t) can be defined by: DG(®) =
dG/dt.

In some embodiments, the personal time delay of the treated patient is
determined by maximizing the expectancy of the multiplied series B(#)*DG(t+A4) such
that A=argmax( A, E{ B)DG(t+A) } ), wherein A4 is the parameter which maximizes
the expectancy of the multiplied series B(t) *DG(t+A4).

In some embodiments, the continuous learning procedure (or Runtime learning)
modifies the insulin sensitivity factor (e.g. CF) according to the observable/measured
data. The insulin sensitivity factor can be modified in accordance with at least one of
the set{CF(i), LOG(i)}, where CF(i=1) is the first CF and LOG(i=1) is the relevant
LOG for the corresponding period of CF(i=1), i.e. the time zone in which the system
utilized CF(i).

The first step of the continuous learning procedure is to determine the factor a in
accordance to the last CF and LOG in the set. These are denoted for convenience as
CF(END) and LOG(END). LOG(END) defining the corresponding time zone/ period in
which the system utilized CF(END) . Factor a can be determined as previously noted
with respect to initial learning procedure

The modified correction factor CFnew can be determined as follows: CFnew =
a*CF(END). In some embodiments, the modified correction factor is verified as
reasonable or as safe. Verification of the modified correction factor can be performed by
forcing constraints. For example, two constrains change the modified CFpe, where
constraints are not met. The constrains can include two boundaries.

The two constrains are:

1. If CFnew> UP_Boundary then CFnew = UP_Boundary.

2. If CFnew< DOWN _Boundary then CFnew = DownBoundary.

where UP_Boundary and DOWN_Boundary can be defined as follows:

UP_Boundary is defined as the smallest CF in {CF(i), LOG(i)} in which the
minimum sensor level reached in the relevant LOG(i) was above a certain threshold, for
example 70 mg/dl.

DOWN_Boundary can be defined according to the following:

The largest CF which caused minimum sensor value below 50 is defined to be

CFI with minimum sensor level LEV].
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The smallest CF which caused minimum sensor value above 50 is defined to be
CF2 with minimum sensor level LEV2.

If both CFs exists and CFI<CF?2, the lower boundary is defined as:

DOWN_Boundary = (70-LEV1)/(LEV2-LEVI1)*(CF2-CF1)+CF1.

The following is the results of clinical trials using the monitoring system and
method of the present invention:

The study group consisted of 7 patients, 5 female and 2 male, aged 19-30 years.
Mean duration of diabetes was 10+4 years; mean HbA1C, 6.6+0.7%; and mean body
mass index, 22+2.5 kg/m®. The patients' demographic data, diabetes history, and other
significant medical history were recorded, in addition to height, weight, and HbAlc
level. The patients wore a CGS (Freestyle Navigator™, Abbott Diabetes Care,
Alameda, CA, USA or STS-Seven® System, DexCom, San Diego, CA, USA) and
recorded their meals and physical activities for 3-5 consecutive days. These data and
corresponding insulin doses (downloaded from the insulin pump) were used to
formulate the patient's treatment history for application in the monitoring system of the
present invention.

Short-acting insulin analogue (NovoRapid®, Novo Nordisk, Bagsvaerd,
Denmark) was used in the clinical trials. The CGS readings were entered (automatically
or manually) into the monitoring system of the present invention every five minutes,
and the system provided an insulin dose recommendation after each entry.

The control-to-range was set at 90-140 mg/dl, and the control-to-target, at 110
mg/dl. Each clinical session was supervised by a diabetologist who had to approve any
treatment recommendation before it was automatically or manually delivered by the
pump to the patient. Reference blood glucose levels were measured by the YSI 2300
STAT Plus (YSI, USA) every 30 minutes. Carbohydrate was administered when the
reference blood glucose level dropped below 70 mg/dl.

8-hour closed-loop sessions were conducted in the resting state under two
conditions: fasting or meal. The subject's insulin pump was replaced by the research
insulin pump (OmniPod Insulin Management System™, Insulet Corp, Bedford, MA,
USA or MiniMed Paradigm® 722 Insulin Pump, Medtronic, Northridge, CA, USA). In
the fasting closed-loop condition, subjects arrived to the clinic in the morning (usually
08h00) after an overnight fast and were instructed to measure their blood glucose at

wake up (usually 06h30). If the level was below 120 mg/dl with no hypoglycemia, they
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were asked to eat 1-2 slices of bread. In the closed-loop sessions with meal challenge,
patients arrived to the clinic after about an 8 hours' fast and consumed a mixed meal
with a carbohydrate content of 40-60 gr.

Two 24-hour closed-loop visits were conducted. Subjects arrived to the clinic in
the afternoon after a fast of at least 3 hours. The subject's insulin pump was replaced
with a modified OmniPod insulin pump which has communication abilities to a regular
PC. Three standard mixed meals were consumed at 19h30, 08h00 and 13h00, based on
the patient’s regular diet. The estimated carbohydrate content for each meal was 17.5 to
70 gr. Each patient slept for 7-8 hours at night during the study.

To examine the control performances of the monitoring system of the present
invention during the 8-hour closed-loop sessions, two parameters were analyzed:
glucose excursion and degree of stabilization.

Glucose excursion is determined by the peak postprandial glucose level and the
time from initiation of closed-loop control to return of the glucose level to below 180
mg/dl.

Stable glucose levels were defined as a change of +/- 10 mg/dl for a period of at
least 30 minutes. The time from initiation of closed-loop control or mealtime until the
stable state was attained, and the average glucoée level at the stable state, were
calculated.

In addition, 24-hour closed-loop control and the patient’s home open-loop
control were compared. The percent of glucose readings within, above, and below the
range of 70-180 mg/dl was determined. The data set of the open-loop control included
sensor readings from the 3-day period prior to the 24-hour closed-loop session. Control
variability grid analysis (CVGA) [9] served as an auxiliary outcome measure. In this
analysis, the open-loop data set included sensor readings from a period of 9-16 days.
CVGA was performed over two time periods: 24 hours and night-time (00h00-08h00).

During all of the experiments, diabetes physicians approved each and every one

of the monitoring system of the present invention treatment suggestions.
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Reference is made to Table 1 summarizing the average and ranges results of the

8-hours closed loop sessions clinical studies.

Average | Range

Fasting sessions

BG at beginning of closed loop session [mg/dL] 237 178 - 300
Time to below 180mg/dL from system connection [houﬂ 2.13 0.5-4.43
Time to stable BG levels [hours] 4.4 2.3-6.75
BG level at stabilization [mg/dL] 112 77 - 155
Meal sessions

BG at beginning of closed loop session [mg/dL] 96 70 - 138
Peak Post prandial BG level [mg/dL] 234 211-251
Time to below 180mg/dL from meal onset [hours] 2.56 2.18-3
Time to stable BG levels [hours] 343 3—-43
BG level at stabilization [mg/dL] 102 70 —134.5

A total of nine closed-loop control sessions were conducted under fasting
conditions at rest with six subjects. The average blood glucose level was 237 mg/dl at
initiation of closed-loop control and decreased to 106 mg/dl within 4.4 hours. There
were no hypoglycemic episodes.

During one of the fasting session, the monitoring system of the present invention
succeeded to prevent a hypoglycemic episode after an overdose of insulin was delivered
by the patient before his arrival to the clinic. The monitoring system of the present
invention detected the overall trend in the patient's glucose level, took the overdose into
account, and then decreased the insulin basal rate to full stop. This action successfully
lowered the patient's glucose levels to a stable average of 80 mg/dl within 2 hours.

Three meal-challenge sessions were conducted with two subjects. The meal was
detected and treated by the module 23 minutes on average after meal consumption. Peak
postprandial glucose levels were 234 mg/dl on average, with a maximum of 251 mg/dl
(see Table 1). Blood glucose levels, for the meal-challenge sessions, decreased to below
180 mg/d]l within 2.5 hours on average and stabilized in the normal range within 3.5
hours for at least one hour.

Two 24-hour closed-loop sessions were conducted subjects #1 (Female, age 30
yr, BMI 22.9 kg/m*, HbAlc 5.9% with 19 years of diabetes duration) and #2 (Male, age
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23 yr, BMI 21.2 kg/m?, HbAlc 7% with 8 years of diabetes duration). During the night,
blood glucose levels ranged between 80 and 160 mg/dl, with a nadir of 93 mg/dl for
subject #1 and 80 mg/dl for subject #2.

Reference is made to Figs. 7A-7D illustrating a 24-hour closed-loop session
with subject #1. Glucose levels peaked at 260 mg/dl after dinner, 190 mg/dl after
breakfast and 210 mg/dl after lunch. The corresponding values for subject #2 were 221
mg/dl, 211 mg/dl and 219 mg/dl. Between meals, glucose levels returned to below 180
mg/dl within a mean of 2.7+0.8 hours for both subjects. Mean peak postprandial
glucose level for overall sessions (8- and 24-hour) was 22422 mg/dl, and glucose level
returned to below 180 mg/dl at a mean interval of 2.6+£0.6 hours. Mean time to
stabilization was 41 hours.

Fig. 7A shows the glucose trace including CGS readings (black line) reference
measurements (black diamond) and the meal times (black triangles). . Fig. 7B shows the
insulin treatment (the horizontal lines represent the basal rate, vertical lines with dark
circles represent insulin boluses line — basal rate and stem — insulin boluses) delivered
by the monitoring system of the present invention during the 24-hour closed-loop trial
with subject #1. Results from control performances comparison between home care
(circles) and the monitoring system of the present invention (rectangular) using the
Control Variability Grid Analysis (CVGA) [9] are shown on Fig. 7C (time period of 24
hours) and Fig. 7D during night time. Fig. 7C shows a control variability grid analysis
(CVGA) over a time period of 24 hours for subject #1. Fig. 7D shows a control
variability grid analysis overnight (00:00-08:00) for subject #1. The nine zones of the
CVGA are associated with different qualities of glycemic regulation: A - accurate
control, Lower B - benign deviations into hypoglycemia, B - benign control deviations,
Upper B - benign deviations into hyperglycemia, Lower C - over correction of
hypoglycemia, Upper C - over correction of hyperglycemia, Lower D - failure to deal
with hypoglycemia, Upper D - failure to deal with hyperglycemia, and E - erroneous
control. In both figures, the circles represent the minimum/maximum glucose level
taken from the relevant time period glucose readings during home care and the
rectangles indicate the levels during the closed-loop session regulated by using the

monitoring system of the present invention.
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Based on the control performances analysis, glucose control was found to be
better during the 24 hours closed-loop sessions regulated by using the method of the
present invention than the pre-study home care.

Seventy-three percent of the sensor values measured 70-180 mg/dl during
closed-loop control compared to 70.5% over the 3-day open-loop period prior to the
trial day. In addition, none of the sensor readings were below 70 mg/dl during closed-
loop control compared to 15.3% for open-loop control. However, 27% of the sensor
values were above 180 mg/dl during closed-loop control compared to 14.2% during
open-loop control. On CVGA, the monitoring system was maintained benign control
over a 24-hour perspective whereas the subjects at home care overcorrected and failed
to manage hypoglycemia. During the night as well, the monitoring system maintained
benign or accurate control, whereas home care was characterized by great variability.
The analysis results for subject #1 are presented in Figs. 7C-7D.

As illustrated in Fig. 7C and 7D, CVGA was used to compare the performance
of the monitoring system and home open-loop control. The results showed that during
open-loop control, there was at least one recording of glucose below 60 mg/dl per day
for both subject #1 and subject #2 (Fig. 7C). In general, these values appeared after
daytime meals, indicating poor postprandial control of glucose excursions. Although
only two 24-hour closed-loop experiments were conducted, CVGA revealed a great
improvement with the monitoring system during the day and night (Fig. 7C and 7D).
Whereas peak postprandial glucose values were similar in both systems, only the
monitoring system prevented late postprandial hypoglycemia.

No events of hypoglycemia occurred during either the 8-hour or 24-hour closed-
loop sessions. On two occasions (8-hour closed-loop sessions), an impending
hypoglycemic event was detected, with glucose levels ranging between 62-65 mg/dl for
about 10 minutes. Although the subjects did not experience any symptoms of
hypoglycemia, our physician decided to administer 15 gr of fast carbohydrate for safety
reasons.

Feasibility studies were conducted in seven adults with type 1 diabetes (age, 19-
30 yr; mean diabetes duration, 104 yr; mean HbA1C, 6.6+0.7%). All underwent 14 full
closed-loop control sessions of 8 hours (fasting and meal state) and 24 hours.

The mean peak postprandial (overall sessions) glucose level was 224422 mg/dl.
Postprandial glucose levels returned to below 180 mg/dl within 2.6+0.6 hours and
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remained stable in the normal range for at least one hour. During 24-hour closed-loop
control, 73% of the sensor values ranged between 70-180 and mg/dl, 27% were above
180 mg/dl, and none were below 70 mg/dl. There were no events of symptomatic
hypoglycemia during any of the trials.

Glucose levels were maintained in the near normal range (80-160 mg/dl) at
night. The monitoring system prevented nocturnal hypoglycemia by detecting the
overall descending trend in the patient's glucose level and then decreasing the insulin
basal rate to full stop. In 2 of the 14 closed-loop sessions, there was a short incident of
impending asymptomatic hypoglycemia. The subjects had experienced a symptomatic
nocturnal hypoglycemia event (below 50mg/dl) prior to the clinic day, which was
treated at home. The monitoring system made reasonable treatment suggestions, which
were approved by the diabetes physician in charge, and responded to the descending
trend of glucose by lowering the patient's basal rate to full stop. The physician
considered the increase in the risk of recurrent hypoglycemia and therefore stopped the

experiment.
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CLAIMS:

1. A monitoring system for use in monitoring diabetes treatment of a
patient, the system comprising:

a control unit comprising

a first processor module for processing measured data indicative of blood
glucose level and generating first processed data indicative thereof,

a second processor module comprising at least one fuzzy logic module; said
fuzzy logic module receives input parameters corresponding to the measured data, the
first processed data and a reference data including individualized patient's profile related
data, individualized patient's treatment history related data, processes the received
parameters to produce at least one qualitative output parameter indicative of patient's
treatment parameters; such that said second processor module determines whether any
of the treatment parameters is to be modified.

2. The system of claim 1, wherein said second processor module provides
conirol fo range output treatment suggestion.

3. The system of claim 2, wherein said control to range output treatment
suggestion comprises at least one of insulin basal rate, insulin bolus or glucagon bolus.

4. The system of claim 1, wherein said input parameters includes at least
one of the following input parameters: past blood glucose level trend, current blood
glucose level, future blood glucose level trend, future blood glucose level.

5. The system of claim 1, wherein said at least one fuzzy logic module
comprises a set of rules and at least one fuzzy engine utilizing one or more member
functions modeled for translating the input parameters into at least one qualitative
output parameter.

6. The system of claim 1, wherein said at least one output parameter of the
fuzzy logic module comprises data indicative of at least one of bolus glucagon, bolus
insulin and basal insulin treatment.

7. The system of claim 1, wherein said control unit comprises a third
processor module recejving said at least one qualitative output parameter of the fuzzy
logic module and processing said at least one output parameter to determine whether
any of the treatment parameters is to be modified.

8. The system of claim 7, wherein said control unit determines amount of

dosing of insulin and/or glucagon to be delivered.
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9. The system of claim 8, wherein the third processor receives the control to
range output treatment suggestion, and determine said amount in accordance with a
glucose target of the patient's profile.

10.  The system of claim 9, wherein said amount is adjusted in accordance
with at least one of patient's insulin or glucagon pharmacodynamics and said measured
data.

11.  The system of claim 1, wherein said control unit is associated with a
drug injection device and is configured and operable to control the operation of said
drug injection device.

12.  The system of claim 1, comprising a data transceiver for receiving at
least one of said reference data and said measured data.

13.  The system of claim 12, wherein said data transceiver is operable to
transmit said at least one output parameter of the control unit to said drug injection
device.

14.  The system of claim 1, wherein said individualized patient's profile
related data comprises parameters selected from at least one of insulin sensitivity,
glucagon sensitivity, basal plan, insulin/glucagon pharmacokinetics associated data,
glucose target level or target range level, and insulin / glucagon activity model.

15.  The system of claim 1, wherein said system is operable to update and/or
calibrate said individualized patient's profile related data during treatment or during
monitoring procedure.

16.  The system of claim 1, wherein said individualized patient's treatment
history related data comprises patient's insulin delivery regimen given to the patient at
different hours of the day.

17. The system of claim 1, wherein each rule is associated with a
contribution factor.

18.  The system of claim 1, wherein said second processor module comprises
a fuzzy logic module operable in response to an event being invoked by a detector
module analyzing at least one pattern of glucose levels indicative of at least one event.

19.  The system of claim 18, wherein said event comprises at least one of
sleep, meal, exercise and disease event or rest.

20.  The system of claim 18, wherein said system is configured and operable

to alternate between at least two fuzzy logic modules, each handling a different event.
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21.  The system of claim 20, wherein said second processor module operable
as a meal treatment module is configured to monitor the blood glucose level.

22.  The system of claim 21, wherein said input parameters further includes
at least one of the following input parameters: time elapsed between detected special
events, blood glucose level with respect to said special event.

23.  The system of claim 1, wherein said measured data is obtained at a
certain time.

24,  The system of claim 23, wherein said measured data includes current and
past glucose levels relative to said certain time.

25. A method for automatic monitoring of diabetes-related treatment, the
method comprises:

obtaining a reference data including individualized patient's profile related data,
individualized patient's treatment history related data;

analyzing measured data generated by at least one of drug delivery devices and
glucose measurement devices; and

deciding about treatment modification in accordance with said reference data by
controlling the operation of the drug injection devices to enable real-time automatic
individualized monitoring of the treatment procedure.

26.  The method of claim 25, wherein said deciding about treatment
modification comprises determining said treatment modification in accordance with said
individualized patient's treatment history related data.

27.  The method of claim 26, wherein said obtaining of said individualized
patient's profile related data comprises obtaining parameters selected from at least one
of insulin sensitivity, glucagon sensitivity, basal plan, insulin/glucagon
pharmacokinetics associated data, glucose target level or target range level, and insulin
activity model.

28.  The method of claim 27, comprising updating said patient's profile
related data in accordance with the treatment.

29. The method of claim 25, wherein said obtaining of individualized
patient's treatment history related data comprises obtaining at least one of patient's
insulin delivery regimen given to the patient at different hours of the day.

30. The method of claim 25, wherein said analyzing data comprises

processing measured data indicative of blood glucose level and generating first
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processed data indicative thereof, and applying at least one fuzzy logic model to input
parameters corresponding to the measured data, the first processed data and said
reference data, to produce at least one qualitative output parameter indicative of
patient's treatment.

31.  The method of claim 30, wherein said applying at least one fuzzy logic
model to input parameters corresponding to the measured data comprises classifying
glucose blood trends in different categories.

32.  The method of claim 30, comprising applying a prediction model for
predicting glucose trend in blood based on the measured glucose level.

33.  The method of claim 30, wherein said applying at least one fuzzy logic
model comprises alternating between at least two fuzzy logic models, each being
configured to handle a different event.

34.  The method of claim 25, wherein deciding about treatment modification
comprises at least one of the followings: controlling an individualized basal plan;
controlling a insulin/glucagon sensitivity indicative of the correction of the current
blood glucose level to a target level, correction of carbohydrates and of the amount of
insulin and/ or glucagon to be delivered; controlling the individualized blood glucose
target level; controlling the insulin and / or glucagon pharmacokinetics settings.

35.  The method of claim 34, wherein said controlling an individualized basal
plan comprises obtaining a series of individualized basal treatment rates as a function of
time; obtaining said measured data; determining an individualized time delay between a
basal treatment rate of the series of individualized basal treatment rates and changes in
the glucose level td thereby obtain a series of basal treatment rates and corresponding
changes in glucose level at a time delay; selecting a basal plan which incorporates the
basal rates minimizing a change in the glucose level.

36.  The method of claim 25, wherein said analyzing data comprises
determining the probability of the patient to be in a special event as a function of time.

37.  The method of claim 36, wherein determining said special event
comprises determining at least one of sleep, meal, exercise, disease or rest event.

38. A method for use in automatic monitoring of diabetes-related treatment,

the method comprises:
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analyzing open-loop measured data generated by at least one of drug delivery
devices and glucose measurement devices and determining patient's initial treatment
profile;

receiving continuously measured data generated by at least one of drug delivery
devices and glucose measurement devices;

applying self-learning procedure for updating said patient's initial treatment
profile during closed loop treatment thereby monitoring of the diabetes-related
treatment.

39.  The method of claim 38, wherein said patient's initial treatment profile
comprises at least one of insulin sensitivity indicative of the correction of the current
blood glucose level to a target level, correction of carbohydrates and of the amount of
insulin and/ or glucagon to be delivered, basal plan, insulin/glucagon pharmacokinetics
associated data, glucose target level or target range level.

40. The method of claim 38, wherein determining the insulin sensitivity
comprises using at least one of the following parameters: carbohydrate consumed by the
patient, measured data, and patient's treatment.

41.  The method of claim 38, wherein said determining patient's initial
treatment profile comprises determining the amount of insulin active in the blood.

42.  The method of claim 41, wherein said determining the amount of insulin
active in the blood comprises determining said amount as a function of a special event.

43. A method for determining insulin basal plan from a series of basal
treatment rates for a patient in need thereof, comprises:

obtaining a series of basal treatment rates as a function of time;

obtaining measured data of glucose level in the patient as a function of time;

determining a series of changes in glucose levels as a function of time;

determining the personal time delay of the patient estimated from the series of basal
treatment rates and the series of changes in glucose levels, thereby obtaining a series of
basal treatment rates and corresponding changes of glucose level in the patient; and

selecting a basal plan which incorporates the basal rates that minimizes a change

in the glucose level.

44. A method for determining a insulin sensitivity for use in close-loop

treatment of a patient’s need thereof, comprising:
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obtaining a first glucose sensor reading and a second glucose sensor
reading defining a time window; obtaining the difference between the first and second
glucose sensor readings;

adjusting the difference between the first and second glucose sensor

5 readings by estimating glucose derived from the consumed carbohydrate within the time

window; thereby obtaining an adjusted glucose amount; and

determining the insulin sensitivity in accordance to the relation between
the adjusted glucose amount and insulin bolus provided during the time window.

45.  The method of claim 44, wherein said time window includes an open

10  loop session.

46. A method of claim 44, wherein said adjusting comprises determining a
coefficient defining the proportion of consumed carbohydrate to glucose derived
thereby.

47. A method of claim 44, wherein said determining of the insulin sensitivity

15  comprising modifying said insulin sensitivity in accordance with proportion between
minimum sensor reading during the time window and the lowest blood glucose reading
recorded in neither during hypoglycaemia nor hypoglycaemia.

48. A method of claim 47, wherein said modifying of the insulin sensitivity
comprises modifying the insulin sensitivity according to the maximum sensor reading in

20  atime interval prior to the obtaining of the minimum sensor reading.

49. A method of claim 48, wherein said modifying of the insulin sensitivity

comprises modifying the insulin sensitivity according to a histogram representing the

occurrence of measured glucose level of the patient during a certain time window.
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