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A system for determining drug administration information may comprise an input device providing for user input of feed forward
Information having a first parameter component and a second parameter component, a data storage device and a processor. The
data storage de-vice may have stored therein a map correlating values of the first and second parameters to drug administration
Information. The processor may be responsive to user input of the feed forward information to determine corresponding drug
administration information according to the map.
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SYSTEM AND METHOD FOR DETERMINING
DRUG ADMINISTRATION INFORMATION

Cross References to Related Applications

This application claims the priority of U.S.
patent application No. 11/297,733, filed December 8,
2005, the disclosure of which is incorporated herein by

reference 1n its entirety.

Field Of The Invention:

The present invention relates generally to

techniques for determining drug administration informa-

tion, and more specifically to systems for determining

insulin administration information based on a user input

Oof user-related feed forward information.

Background Art

A numpber of diabetes control arrangements ex-

ist that are configured to recommend or automatically ad-

minister insulin boluses of various types, of various
quantities and/or at wvarious intervals, based on some
amount of feed forward information provided bj the user.
It is desirable to simplify the content, and minimize the

amount, of such feed forward information required to be

supplied by the user in determining such bolus informa-

tion.

Summary

The present invention may comprise one or
more of the features recited in the attached claims,

and/or one or more of the following features and combina-

tions thereof. A system for determining drug administra-
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tion information may comprise an input device providing
for user input of feed forward information having a first
parameter component and a second parameter component, a
data storage device and a processor. The data storage de-
vice may have stored therein a map correlating values of
the first and second parameters to drug administration

information. The processor may be responsive to user in-

sponding drug administration information according to the
map.

The system may further include a display
unit. The processor may be configured to display at least
some of the corresponding drug administration information
on the display unit. The processor may be configured to
control the display unit to display a graphical user in-
Cerface having a first axis defined by values of the
first parameter and a second axis defined by values of
the second parameter. The graphicalauser interface may
provide for the user input of feed forward information in

]

the form of a single user selection of 3 corresponding

palr of the first and second parameter values.

p—
B

The graphical user inter:

ace may include a
touch responsive interface providing for the single user

p—

selection of a corresponding pair of the first and second
parameter values.

The graphical user interface may define a
grid-type user interface providing for single user selec-

tion of discrete pairs of the first and second parameter

values. Alternatively, the graphical user interface may

define a continuous function of the Ffirst and second pa-
rameter values.

The drug may be a blood glucose lowering
drug. The drug may be, for example, insulin. The input
device may be configured to provide for user input of

feed forward information in the form of meal information

having the first parameter component COorresponding to

carbohydrate content of the meal and the second parameter

PCT/CH2006/000682
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component corresponding to an expected speed of overall

glucose absorption from the meal by the user. The input

device may include a display unit, and the processor may
be configured to control the display unit to display a
graphical user interface having a first axis defined by
values of the carbohydrate content and a second axis de-
fined by values of the expected speed of overall glucose

absorption from the meal by the user. The graphical user

interface may provide for the user input of feed forward

information in the form of a single user selection of a

corresponding pair of the carbohydrate content and ex-

pected speed values.

The processor may be configured to control
the display unit to display the carbohydrate content val-
ues in the form of direct estimates of carbohydrate
welght. Alternatively, the processor may be configured to
control the display unit to display the carbohydrate con-

tent values 1in the form of meal size values. Alterna-

tively still, the processor may be configured to control
the display unit to display the carbohydrate content val-

uves in the form of meal size values relative to a refer-
ence meal size.

The processor may be configured to control
the display unit to display the expected speed values in
the form of meal duration values. Alternatively, the
processor may be configured to control the display unit
to display the expected speed values in the form of meal

duration values relative to a reference meal duration.

Alternatively still, the processor may be configured to
control the display unit to display the expected speed

values in the form of total glycemic index values.

The processor may be configured to control
the display unit to display a graphical user interface
having a first axis defined by values of the carbohydrate
content and a second axis defined by values of the ex-
pected speed of overall glucose absorption from the meal

by the user. The graphical user interface may provide for
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the user 1nput of feed forward information in the form of
user selection of corresponding pairs of the carbohydrate
content and expected speed values. The processor may be
configured to control the display unit to display the
values of the expected speed in the form of a fat amount,
a protein amount and a carbohydrate amount, and to dis-
play the wvalues of the carbohydrate content in the form

of meal size wvalues for each of the fat amount, protein

amount and carbohydrate amount. The graphical user inter-
face may provide for the user input of feed forward in-

formation i1n the form of user selection a meal size value

in terms of fat amount, a meal size in terms of protein
amount and a meal size 1n terms of carbohydrate amount.
Alternatively, the processor may be configured:to control
the display unit to display the meal size values in the
form of fat amount, protein amount and carbohydrate

amount relative to reference meal size wvalues in terms of

fat, protein and carbohydrate amounts respectively.

The input device may be configured to provide
for user input of additional feed forward information in

the form of exercise information. In such cases, the data

storage device may have stored therein an additional map

correlating the exercise information to modification in-
formation, and the processor may be responsive to user
input of the exercise information to modify the corre-
sponding drug administration information according to the

modification information determined via the additional

ma.p -

The input device may be configured to provide
for user input of additional feed forward information in

the form of user stress information. In such cases, the

data storage device may have stored therein an additional

b |

map correlating the user stress information to modifica-

tion information, and the processor may be responsive to

user input of the user stress information to modify the

corresponding drug administration information according
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to the modification information determined via the addi-
tional map.

The input device may be configured to provide
for user input of additional feed forward information in

gy

the form of user illness information. In such cases, the

data storage device may have stored therein an additional

map correlating the user illness information to modifica-

tlon information, and the processor may be responsive to

user input of the user illness information to modify the

corresponding drug administration information according

to the modification information determined via the addi-
tional map.

The input device may be configured to provide
for user input of additional feed forward information in

the form of user menstrual cycle information. In such

cases, the data storage device may have stored therein an

additional map correlating the user menstrual cycle in-

formation to modification information, and the processor
may be responsive to user input of the user menstrual Cy-—
cle information to modify the corresponding drug admini-
stration information according to the modification infor-
mation determined via the additional map.

The processor may be configured to monitor
occurrences of user acceptance and rejection of the drug
administration information determined according to the
map, and to determine whether the system is acceptable
for use by the user based at least in part on the occur-
rences oL user acceptance and rejection of the drug ad-

ministration information. If the processor determines

that the system is acceptable for use by the user, the
processor may be configured to then determine whether the
system requires recalibration based at least in part on

the occurrences of user acceptance and rejection of the

drug administration information.

The system may further comprise means for

providing for input of user feedback information. The

processor may be configured to monitor the user feedback

PCT/CH2006/000682
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information and determine whether the system is accept-

able for use by the user based at least in part on the

CA 02632709 2008-06-06

user feedback information. If the processor dete

that the system is acceptable for use by the use

rmines
r, the

processor may be configured to then determine whether the

system requires recalibration based at least in

the user feedback information.

rart on

The system may further comprise means for

o

providing for input of health care professional

information. The processor may be configured to

feedback

monitor

the health care professional feedback information and de-

termine whether the system is accepts

ble for use by the

user based at least in part on the health care profes—

sional feedback information.

Tf the processor determines

that the system is acceptable for use by the user, the

processor may be configur

system requires recalibration based at least in

>ed to then determine whether the

part on

the health care professional feedback information.

model-based

The system may further comprise at 1

east one

function responsive to measurement of one or

more user condlitions to estimate another user condition

different than the one or more user conditions.

essor may be configured to monitor the at least

The proc-

ore

model-based function and determine whether the system is

acceptable for use by the user based at least in part on

the at least one model-based function.

If the processor

determines that the system is acceptable for use by the

user, the processor may be configured to then determine

whether the system requires recalibration based at least

in part on the at least one model-based function.

information may comprise receiving a single user input of

feed

mation includes user specified values of a

ter and a second parameter. The method may

A method of determining drug adminis

forward information, wherein the feed forwe

tration

1)

;rd il‘lfor—

first parame-

further 1in-

clude correlating the first and second parameters to drug

administration information.
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The method may further include displavyving at
least some of the drug administration information on a.

display unit.

Correlating the first and second parameters

to drug administration information may include processing

the first and second parameters using a map configured to

map values of the first parameter and values of the sec-

ond parameter to corresponding drug administration infor-
mation.

Receiving the single user input of feed for-

ward information the input device may include receiving

the single user input of feed forward information via a
graphical user interface, wherein the graphical user in-

terface may have a first axis defined by values of the

first parameter and a second axis defined by values of

the second parameter.

The drug may be a blood glucose lowering
drug. The drug may be, for example, insulin. The first
parameter may correspond to carbohydrate content of a |
meal and the second parameter may correspond to an ex-

pected speed of overall glucose absorption from the meal

by the user.

The values of the first parameter may be dis-
played on the graphical user interface in the form of
carbohydrate weight. Alternatively, the values of the
first parameter may be displayed on the graphical user

p—

interface in the form of meal size values. Alternatively

s

still, the values of the first parameter may be displayed

on the graphical user interface in the form of meal size

values relative to a reference meal size.

The values of the second parameter may be
displayed on the graphical user interface in the form of
meal duration values. Alternatively, the values of the
second parameter may be dilisplayed on the graphical user
interface in the form of meal duration values relative to

a reference meal duration. Alternatively still, the val-

ues of the second parameter may be displayed on the
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graphical user interface in the form of total glycemic

index values.

The values of the second parameter component

may be displayed on the graphical user interface in the

pr—

form of a fat amount, a protein amount and a carbohydrate

amount. The values of the first parameter component may

be displayed on the graphical user interface in the form

of meal size values for each of the fat amount, the pro-
tein amount and the carbohydrate amount. The values o:

the first parameter may be displayed on the graphical
user interface in the form of meal size wvalues for each

)

of the fat amount, the protein amount and the carbohv-

drate amount values relative to reference meal size val-

gr—

ues for each of the fat amount, the protein amount and

the carbohydrate amount respectively.

In embodiments wherein the first parameter
corresponds to carbohydrate content of the meal and the

second parameter corresponds to an expected speed of

overall glucose absorption from the meal by the user, the

method may further include receiving a single user input

)

ON

additional feed forward information including user ex-

ercise information, and modifying the drug administration
information according to the user exercise information.
Alternatively or additionally, the method may further in-
clude receiving a single user input of additional feed

forward information including user stress information,

and modifying the drug administration information accord-
ing to the user stress information. Alternatively or ad-
ditionally still, the method may further include receiv-
ing a single user input of additional feed forward infor-

mation including user illness information, and modifying

the drug administration information according to the user
illness information. Alternatively or additionally still,
the method may further include receiving a single user

input of additional feed forward information including

user menstrual cycle information, and modifying the drug
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administration information according to the user men-
strual cycle information.

The method may further comprise monitoring
occurrences of user acceptance and rejection of the drug
adminlistration information determined according to the
map, and determining whether the method is acceptable for
use by the user based at least in part on the occurrences
of user acceptance and rejection of the drug administra-
tion 1nformation. The method may further comprise the
following if the method is acceptable for use by the
user; determining whether recalibration of the method is
required based at least in part on the occurrences of

user acceptance and rejection of the drug administration
information.

The method may alternatively or additionally
comprise monitoring user feedback information that is
different than the feed forward information, and deter-
mining whether the method 1s acceptable for use by the
user based at least in part on the user feedback informa-
tion. The method may further comprise the following if

the method is acceptable for use by the user; determining

whether recalibration of the method is required based at

least in part on the user feedback information.

The method may alternatively or additionally
comprise monitoring health care professional feedback in-
formation, and determining whether the method is accept—

able for use by the user based at least in part on the

health care professional feedback information. The method
may further comprise the following if the method is ac-
ceptable for use by the user; determining whether recali-

bration of the method is required based at least in part

on the health care professional feedback information.

The method may alternatively or additionally

comprise defining at least one model-based function re-

sponslve to measurement of one or more user conditions to
estimate another user condition different than the one or

more user conditions, and determining whether the method

PCT/CH2006/000682
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1s acceptable for use by the user based at least in part
on the at least one model-based function. The method may
further comprise the following if the method is accept-

able for use by the user; determining whether recalibra-
tion of the method is required based at least in part on

the at least one model-based function.

A method may be provided for determining pa-
tient suitability for a graphical user interface config-
ured to allow the patient to select feed forward informa-—

tion from which drug administration information is deter-

mined. The method may comprise collecting patient-
relevant information relating to events that are defined
any of a number of categories of feed forward information
and corresponding drug administration information. The
method may further comprise processing the collected pa-
tient-relevant information to determine whether one or
more regular patterns in the patient-relevant information
can be i1dentified that allow accéptable prediction of ap-
propriate values of the drug administration information
based on corresponding categories of the feed forward in-
formation. If the one or more regular patterns in the pa-
tient-relevant information can be identified, the method
may further comprise processing the collected patient-
relevant information to determine whether the number of
categories of feed forward information can be reduced. T:
the number of categories of feed forWard information can
be reduced, the method may further comprise reducing the
numpber of categories of feed forward information.
Processing the collected patient-relevant in-
formation to determine whether one or more regular pat-
terns in the patient-relevant information can be identi-
fied may comprise sorting the patient-relevant informa-
tion according to at least one variable of the patient-
relevant information and pooling the patient-relevant in-
formation over all remaining variables of the patient-
relevant information. Processing the collected patient-

relevant information to determine whether one or more

)
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regular patterns in the patient-relevant information can

pe identified may further comprilse calculating a coeffi-

relating to the at least one variable. Processing the
collected patient-relevant information to determined

whether one or more regular patterns in the patient-

relevant information can be identified may further com-

prise determining that the patient-relevant information
sorted by the at least one variable allows acceptable
prediction of appropriate values of the drug administra-
tion information based on Corresponding categories of the
feed forward information if the coefficient of variation

for the patient-relevant information relating to the at

least one variable does not exXceed a maximum coefficient

of variation. Processing the collected patient-relevant

lnformation to determine whether one Or more regular pat-

terns in the patient-relevant information can be identi-
fied may further comprise executing the following steps

1f the coefficient of variation for the patient~-relevant

tion, and pooling the patient-relevant information over
all remaining variables of the patient-relevant informa-
tlon, calculating coefficients of variation for the pa-
tlent-relevant information relating to the at least one
variable and to the at least another variable, and deter-
mining that the patient-relevant information sorted by
the at least one wvariable and by the at least another
variable allows acceptable prediction of appropriate val-
ues or the drug administration information based on cor-
responding categories of the feed forward information if
the coefficient of variations for the patient-relevant
information relating to the at least one variable and to

the at least another variable do not exceed a maximum co-
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efficient of wvariation. Processing the collected patient-

relevant information to determine whether one or more

regular patterns in the patient-relevant information can
be identified may further comprise executing the follow-
ing step if either of the coefficients of variation for

the patient-relevant information relating to the at least

one variable and to the at least another variable exceed

the maximu

=

m coefficient of variation executing the sort-

ing, calculating and determining steps using an itera- |
tively finer pooling of the patient-relevant 1nformation

until none of the corresponding number of coefficients o:

1)

variation exceed the maximum coefficient of variation.

Processing the collected patient-relevant in-

formation to determine whether the number of categories

of feed forward information can be reduced may comprise
determining merging scenarios for all of the number ot
categories of feed forward information. Processing the

collected patient-relevant information to determine

whether the number of categories of feed forward informa-

tion can be reduced may further comprise analyzing each
of the merging scenarios to determine whether feed for-
ward categories can be merged according to that merging

scenario. Processing the collected patient-relevant in-

formation to determine whether the number of categories

it

of feed forward information can be reduced may further

comprise selecting a best merging scenario from each of

the merging scenarios that have feed forward categories
that can be merged. Processing the collected patient-
relevant information to determine whether the number of

categories of feed forward information can be reduced may

further comprise merging feed forward categories accord-

ing to the best merging scenario. Processing the col-

lected patient-relevant information to determine whether

the number of categories of feed forward information can

be reduced may comprise executing the determining, ana-

lyzing, selecting and merging steps for each of the one
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Or more regular patterns in the patient-relevant informa-
tion. |

The method may further comprise pre-screening
the patient to determine whether the patient is an ac-
ceptable candidate for the graphical user interface. The
method may further include executing the collecting step,
the two processing steps and the reducing step only if

the patient i1s an acceptable candidate for the graphical
user interface.

The method may further comprise creating a
map that maps the patient-selectable categories of the
feed forward information to corresponding drug admini-

stration information, and implementing the map with the
graphical user interface.

The method may further comprise monitoring
occurrences of user acceptance and rejection of the drug
administration information determined according to the
map, and determining whether the graphical user interface
1s acceptable for use by the user based at least in part
on the occurrences of user acceptance and rejection of
the drug administration information. The method may fur-
ther comprise the following if the graphical user inter-
face 1s acceptable for use by the user; determining

whether the graphical user interface requires recalibra-

tion based at least in part on the occurrences of user

acceptance and rejection of the drug administration in-
formation. |

The method may alternatively or additionally
comprise monitoring user feedback information that is
different than the feed forward information, and deter-
mining whether the graphical user interface is acceptable
for use by the user based at least in part on the user
feedback information. The method may further comprise the

followlng 1f the graphical user interface is acceptable

for use by the user; determining whether the graphical

user 1lnterface requires recalibration based at least in

part on the user feedback information.
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The method may alternatively or additionally
comprise monitoring health care professional feedback 1n-
formation, and determining whether the graphical user in-
terface is acceptable for use by the user based at least
in part on the health care professional feedback informa-
tion. The method may further comprise the following if
the graphical user interface is acceptable for use by the
user; determining whether the graphical user interface

requires recalibration based at least in part on the

health care professional feedback information.

The method may alternatively or additionally
comprise defining at least one model-based function re-

sponsive to measurement of one or more user conditions to
estimate another user condition different than the one or
more user conditions, and determining whether the graphi-

cal user interface is acceptable for use by the user

based at least in part on the at least one model-based

function. The method may further comprise the following

if the graphical user interface is acceptable for use by

the user; determining whether the graphical user inter-

face reguilres recalibration based at least in part on the

at least one model-based function.

The events defined by the feed forward infor-
mation may be meals ingested by the patient, and the drug
may be a blood glucose lowering drug. The events defined
by the feed forward information may further include exer-
cise undertaken by the patient. Alternatively or addi-
tionally, the events defined by the feed forward informa-

tion may further include stress experilenced by the pa-

tient. Alternatively or additionally, the events defined

by the feed forward information may further include ill-
ness experienced by the patient. Alternatively or addi-

tionally, the events defined by the feed forward'informa—

tion may further include the patient’s menstrual cycle.

The events defined by the feed forward infor-

mation may be exercise events undertaken by the patient,

and the drug may be a blood glucose lowering drug.
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The events defined by the feed forward infor-

mation may be stress events experienced by the patient,

and the drug may be a blood glucose lowering drug.
The events defined by the feed forward infor-

5 mation may be illness events experienced by the patient,
and the drug may be a blood glucose lowering drug.
The events defined by the feed forward infor-

mation may be menstrual events experienced by the pa-

tient, and the drug may be a blood glucose lowering drug.

10

Brief Description of the Drawings

The invention will be better understood and
15 objects other than those set forth above will become ap-
parent when consideration is given to the following de-

tailed description thereof. Such description makes refer-

ence to the annexed drawlngs, wherein:
FIG. 1 is a block diagram of one illustrative

20 embodiment of a system for determining drug administra-

tion information.
FIG. 2 i1llustrates one embodiment of a

graphical user interface for entering meal-related infor-

mation into the system of FIG. 1.
25 FIG. 3 illustrates another embodiment of a
| graphical user interface for entering meal-related infor-
mation into the system of FIG. 1.
FIG. 4 illustrates a further embodiment of a

graphical user interface for entering meal-related infor-

30 mation into the system of FIG. 1.
FIG. 5 i1illustrates yet another embodiment of

a graphical user interface for entering meal-related in-

formation into the system of FIG. 1.
FIG. 6 i1llustrates still another embodiment

35 of a graphical user interface for entering meal-related

information into the system of FIG. 1.
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FIG. 7 illustrates yet a further embodiment
of a graphical user interface for entering meal-related
information into the system of FIG. 1.

FIG. 8 is a flowchart illustrating one em-
bodiment of a software algorithm, executable by the sys-

tem of FIG. 1, for determining drug administration infor-

mation based on user input of meal information using one

of the graphical user interfaces of FIGS. 2-7.

FIG. 9 1s a table illustrating one embodiment

of a map correlating user input of meal information, pro-

vided in the form of carbohydrate content, e.g., meal

size, and expected glucose absorption shape and duration,

e.g., meal duration, to corresponding drug administration
information.

FIG. 10 is a flowchart of one illustrative

process for determining patient or user suitability for

use of a graphical user interface of the type illustrated
in FIGS. 2-7. |

FIG. 11 is a continuation of the flowchart of

FIG. 10.

FIG. 12 is a continuation of the flowcharts
of FIGS. 10 and 11.

FIG. 13 1s a table illustrating one embodi-
ment of patlent log for collecting patient-relevant in-

formation according to the process illustrated in FIGS.
10-12. ‘

FIGS. 14A-14K are example plots of some pa-

tient—-relevant information vs. insulin bolus amount

grouped 1n various ways according one embodiment of the
statistical analyses step of the process of FIG. 10.

FIG. 15 is a flowchart of one illustrative
embodiment of a continuous learning process.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

For the purposes of promoting an understand-
1ng of the principles of the invention, reference will
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po—

now be made to a number of i1llustrative embodiments shown
in the attached drawings and specific language will be
used to describe the same. It will be understood that

throughout this document, the terms “user” and “patient”

i

are used interchangeably.

Referring now to FIG. 1, a block diagram of

one 1llustrative embodiment of a system 10 for determin-

ing drug administration information is shown. In the il-

lustrated embodiment, the system 10 includes an elec-

tronlc device 12 having a processor 14 in data communica-
tion with a memory unit 16, an input device 18, a display

20 and a communication input/output unit 24. The elec-

tronic device 12 may be provided in the form of a general
purpose computer, central server, personal computer (PC),

lap top or notebook computer, personal data assistant

(PDA) or other hand-held device, external infusion pump,

blood glucose meter, analyte sensing system, or the like.
The electronic device 12 may be configured to operate in
accordance with one or more conventional operating sys-
tems including for example, but not limited to, windows,
linux and Mac 0S and embedded 0OS such as QNX, eC0S, WinCE
and palm 0S, and may be configured to process data ac-
cording to one or more conventional internet protocols
for example, but not limited to, NetBios, TCP/IP and
AppleTalk. In any case, the electronic device 12 forms
part of a fully closed-loop, semi closed-loop or open-—-
loop diabetes control system, examples of which will be

described hereinafter. The processor 14 is, in the illus-

trated embodiment, microprocessor-based, although the

processor 14 may alternatively formed of one or more gen-
eral purpose and/or application specific circuilts and op-
erable as described hereinafter. The memory unit 16 in-
cludes, in the illustrated embodiment, sufficient capac-
ity to store data, one or more software algorithms execu-

table by the processor 14 and other data. The memory unit

16 may include one or more conventional memory or other

data storage devices.
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The input device 18 may be used in a conven-
tional manner to input and/or modify data. In the illus-
trated embodiment, the display 20 is also included for

-

viewing information relating to operation of the device

12.and/or system 10. Such a display may be a conventional

display device including for example, but not limited to,

a light emitting diode (LED) display, a liquid crystal
display (LCD), a cathode ray tube (CRT) display, or the
like. Alternatively or additionally, the display 20 may

be or include an audible display configured to communi-

cate information to a user, another person or another
electronic system having audio recognition capabilities

via one or more coded patterns, vibrations, synthesized

voice responses, or the like. Alternatively or addition-
ally, the display 20 may be or include one or more tac-

tile indicators configured to display tactile information

that may be discerned by the user or another person.
In one embodiment, the input device 18 may be

or include a conventional keyboard or key pad for enter-

ing alphanumeric data into the processor 1l4. Such a key-

board or key pad may include one or more keys or buttons

configured with one or more tactile indicators to allow

users with poor eyesight to find and select an appropri-

ate one or more of the keys, and/or to allow users toO

find and select an appropriate one or more of the keys in
poor lighting conditions. Alternatively or additionally,
the input device 18 may be or include a conventional
mouse or other conventional point and click device for
selecting information presented on the display 20. Alter-
natively or additionally, the input device 18 may 1nclude
the display 20 configured as a graphical user interface
(GUI). In this embodiment, the display 20 may include one
or more selectable inputs that a user may select by

—

touching an appropriate portion of the display 20 using

an appropriate implement. Alternatively or addilitionally,

the input device 18 may include a number of switches or

buttons that may be activated by a user to select corre-
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sponding operational features of the device 12 and/or
system 10. Alternatively or additionally, the input de-

vice 18 may be or include voice activated circuitry re-

sponsive to voice commands to provide corresponding input
data to the processor 14. In any case, the input device
18 and/or display 20 may be included with or separate
from the electronic device 12 as indicated by the dashed
lines 22A and 22B.

In some embodiments, the system 10 may in-
clude a number, N, of medical devices 207 — 26y, wherein N
may be any positive integer. In such embodiments, any of
the one or more medical devices 26; - 26y may be implanted
within the user’s body, coupled externally to the user’s
pody (e.g., such as an infusion pump), or separate from
the user’s body. Alternatively or additionally, one or
more of the medical devices 261 - 26y may be mounted to
and/or form part of the electronic device 12. In the il-
lustrated embodiment, the number of medical devices 209 -
26y are each configured to communicate wirelessly with
the communication I/O unit 24 of the electronic device 12

via one of a corresponding number of wireless communica-

tion links 28; - 28y. The wireless communications may be

one—-way or two-way. The form of wireless communication
used may include, but should not be limited to, radio

frequency (RF) communication, infrared (IR) communica-

tlon, WiFi, RFID (inductive coupling) communication,
acoustic communication, capacitive signaling (through a
conductive body), galvanic signaling (through a conduc-
tive body), or the like. In any such case, the electronic

device 12 and each of the number of medical devices 201 —

26y include conventional circuitry for conducting such

wireless communications circuit. Alternatively or addi-

tionally, one or more of the medical devices 26, — 26y may

be configured to communicate with the electronic device
12 via one or more conventional serial or parallel con-

figured hardwire connections therebetween. Each of the

one or more medical devices 26; - 26y may include any one

PCT/CH2006/000682
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or more of a conventional processing unit, conventional
input/output circuitry and/or devices and one or more

sultable data and/or program storage devices.

In some embodiments, the system 10 may alter-
natively or additionally include a remote device 30, as
illustrated in phantom in FIG. 1. The remote device 30
may include a conventional processor 32, which may be
identical or similar to the processor 14, a conventional
memory or other data storage unit 34, a conventional in-
put device 36, which may be or include any one or more o:
the 1lnput devices described hereinabove with respect to
the input device 18, a conventional display unit 38,
which may be or include any one or more of the display
units described hereinabove with respect to the display

L}

unit 20, and conventional communication I/O circuitry 40.
The remote device 30 may be configured to communicate
with the electronic device 12 via any conventional wired

or wireless communication interface 42, which may be or

pr—-

include any of the communication interfaces or links de-
scribed hereinabove.

The system 10 illustrated in FIG. 1 is, or
forms part of, a conventional fully closed-loop, semi
closed-loop or open-loop diabetes control arrangement. In
this regard, the system 10 requires user input of some
amount of feed forward information from which the system
10 determines, at least in part, insulin bolus admini -

stration information. Such insulin bolus administration

information may be or include, for example, insulin bolus
quantity or quantities, bolus type (e.g., normal or fast-
acting, e.g., Regular, Lispro, etc.), insulin bolus de-—
livery timg, times or intervals (e.g., single delivery,

multiple discrete deliveries, continuous delivery, etc.),

and the like. Examples of user supplied feed forward in-

formation may be or include, for example but not limited

to, user blood glucose concentration, information relat-—

ing to a meal or snack that has been ingested, is being

ingested, or is to be ingested sometime in the future,

PCT/CH2006/000682
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user exercise information, user stress information, user

illness information, information relating to the user’s

menstrual cycle, and the like. In any case, the system 10

includes a delivery mechanism for delivering controlled
amounts of a drug; e.g., insulin, glucagon, incretin, or
the like, and/or offering an alternatively actionable
therapy recommendation to the user wvia the display 20,

e.g., ingesting carbohydrates, exercising, etc. The sys-

tem 10 may be provided in any of a variety of conven-
tional conflgurations, and examples of some such configu-
rations will now be described. It will be understood,
however, that the following examples are provided merely
for illustrative purposes, and should not be considered
limiting in any way. Those skilled in the art may recog-
nize other possible implementations of a fully closed-
loop, semi closed-loop or open-loop diabetes control ar-

rangement, and any such other implementations are contem-
plated by this disclosure.

pa—

In a first example implementation of the sys-
tem 10, the electronic device 12 is provided in the form

of a conventional insulin pump configured to be worn ex-
ternally to the user’s body and also configured to con-
trollably deliver insulin to the user’s body. In this ex-
ample, the number of medical devices 26; - 26y may include
one or more implanted sensors and/or sensor techniques
for providing information relating to the physiological
condition of the user. Examples of such implanted sensors
may include, but should not be limited to, a glucose sen-

sor, a body temperature sensor, a blood pressure sensor,

a heart rate sensor, one or more bio-markers configured
Co capture one or more physiological states of the body,
e.g., HBAIC, or the like. In implementations that include
an lmplanted glucose sensor, the system 10 may be a fully
closed-loop system operable in a conventional manner to
automatically monitor blood glucose and deliver insulin,
as appropriate, to maintain blood glucose at desired lev-

els. The number of medical devices 26; - 26y may alterna-
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Ctively or additionally include one or more Sensors or

ing to the physiological condition of the user. Examples
OL such sensors or sensing systems may include, but
should not be limited to, a glucose Strip sensor/meter, a

pody temperature sensor, a blood pressure sensor, a heart

rate sensor, one or more bio-markers configured to cap-

ture one or more physiological states of the body, e.g.,
HBALC, or the like. In implementations that include an
eXternal glucose sensor, the system 10 may be a closed-
loop, semi closed-loop or open-loop system operable in a
conventional manner to deliver insulin, as appropriate,
pased on glucose information provided thereto by the
user. Inrformation provided by any such sensors and/or
Sensor techniques may be communicated to the system 10
Uslig any one or more conventional wired or wireless com-—
munication techniques. In this example implementation,
CLhe remote device 30 may also be included in the form of
a handheld or otherwise portable electronic device con-

figured to communicate information to and/or from the
electronic device 12. |

In a second example implementation of the
system 10, the electronic device 12 is provided in the

form of a handheld remote device, such as a PDA or other
handheld device. In this example, the number of medical

devices 26; - 26y include at least one conventional im-

plantable or externally worn drug pump. In one embodiment

or this example, an insulin pump is configured to con-

transmit information relating to insulin delivery to the
handheld device 12. The handheld device 12 1is configured
to monitor insulin delivery by the pump, and may further

pe configured to determine and recommend lnsulin bolus

amounts, carbohydrate intake, exercise, and the like. The

system 10 may or may not be configured in this embodiment
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to provide for transmission of wireless information from
the handheld device 12 to the insulin pump.

In an alternate embodiment of this example,
the handheld device 12 is configured to control insulin

delivery to the user by determining insulin delivery com-

mands and transmitting such commands to the insulin pump.
The insulin pump, in turn, is configured to receive the
insulin delivery commands from the handheld device 12,

and to deliver 1nsulin to the user according to the com-
mands. The insulin pump, in this embodiment, may or may
not further process the insulin pump commands provided by
the handheld unit 12. In any case, the system 10 will
typically be configured in this embodiment to provide for
transmission of wireless information from the insulin
pump back to the handheld device 12 to thereby allow for

monitoring of pump operation. In either embodiment of

this example, the system 10 may further include one or

more implanted and/or external sensors of the type de-

scribed 1n the previous example. In this example imple-

mentation, the remote device 30 may also be included in
the form of, for example, a PC, PDA, laptop or notebook

computer configured to communicate information to and/or
from the electronic device 12.

Those skilled in the art will recognize other
possible implementations of a fully closed-loop, semi
closed-loop or open-loop diabetes control arrangement us-
ing at least some of the components of the system 10 il-
lustrated in FIG. 1. For example, the electronic device

12 in one or more of the above examples may be provided

in the form of a PDA, laptop, notebook or personal com-
puter configured to communicate with one or more of the
medlcal devices 26; - 26y, at least one of which is an in-
sulin delivery system, to monitor and/or control the de-
livery of insulin-to the user. As another ‘example, the
remote device 30 may be configured to communicate with
the electronic device 12 and/or one or more of the medi-

cal devices 26; - 26y, to control and/or monitor insulin

PCT/CH2006/000682
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delivery to the patient, and/or to transfer one or more

-

SOortware programs and/or data to the electronic device

12. The remote device 30 may reside in a caregiver’s of-

fice or other remote location, and communication between

the remote device and any component of the system 10 may
be accomplished via an intranet, internet (e.g., world-

wide-web), cellular, telephone modem, RF, or other commu -~
nication link. Any one or more conventional internet pro-
tocols may be used in such communications. Alternatively

or additionally, any conventional mobile content delivery
system; e.g., Wi-Fi, WiMAX, short message system (SMS),

Oor other conventional message schema may be used to pro-

vide for communication between devices comprising the

system 10. In any case, any such other implementations
are contemplated by this disclosure.

Generally, the concentration of glucose in a
person changes as a result of one or more external influ-

ences such as meals and exercise, and also changes re-

sulting from wvarious physiological mechanisms such as
stress, illness, menstrual cycle and the like. In a per-

son with diabetes, such changes can necessitate monitor-
ing the person’s blood glucose level and administering
insulin or other blood glucose altering drug; e.g., glu-
cose lowering or raising drug, as needed to maintain the
person’s blood glucose within desired ranges. In any of
the above examples, the system 10 is thus configured to

determine, based on some amount Oof patient-specific in-

formation, an appropriate amount, type and/or timing of

insulin or other blood glucose altering drug to adminis-

ter in order to maintain normal blood glucose levels

without causing hypoglycemia or hyperglycemia. In some
embodiments, the system 10 is configured in a conven-

tional manner to control one or more external (e.g., sub-

cutaneous, transcutaneous or Cransdermal) and/or im-

planted insulin pumps to automatically infuse or other-

wise supply the appropriate amount and type of insulin fo
the user’s body in the form of one or more insulin bo-

PCT/CH2006/000682
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luses. In other embodiments, the system 10 1s configured

in a conventional manner to display or otherwise notify

p—

the user of the appropriate amount, type and/or timing of

insulin in the form of an i1nsulin recommendation. In such

embodiments, conventional hardware and/or software form-

ing part of the system 10 allows the user to accept the

recommended insulin amount, type and/or timing, or to re-

ject it. If accepted, the system 10, in one embodiment,
automatically infuses or otherwise provides the appropri-

ate amount and type of insulin to the user’s body in the

form of one or more insulin boluses. If, on the other

hand, the user rejects the insulin recommendation, con-

ventional hardware and/or software forming part of the
system 10 allows the user to override the system 10 and

manually enter insulin bolus gquantity, type, and/or tim-

ing. The system 10 is then configured in a conventional

manner to automatically infuse or otherwise provide the

user specified amount, type and/or timing of insulin to

the user’s body in the form of one or more insulin bo-
luses. Alternatively, the appropriate amount and type of
insulin corresponding to the insulin recommendation dis-
played by the system 10 may be manually injected into, or
otherwise administered to, the patient’s body. It will be

understood, however, that the system 10 may alternatively
or additionally be configured in like manner to deter-
mine, recommend and/or deliver other types of medication
to a patient.

The system 10 is operable, as just described,
to determine and either recommend or administer an appro-

-

priate amount of insulin or other blood glucose lowering

drug to the patient in the form of one or more insulin

pr—

boluses. In determining such appropriate amounts of insu-

1in, the system 10 reguires at least some information re-

lating to one or more external influences and/or various

physiological mechanisms associated with the patient. For

example, if the patient is about to ingest, is ingesting,

or has recently ingested, a meal or snack, the system 10

PCT/CH2006/000682
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generally requires some information relating to the meal

Oor snack to determine an appropriate amount, type and/or

timing of one or more meal compensation boluses. When a
person ingests food in the form of a meal or snack, the

person’s body reacts by absorbing glucose from the meal

or snack over time. For purposes of this document, any

gr—h

- food may be referred to hereinafter as a

ingesting o:

"meal,” and the term “meal” therefore encompasses tradi-

tional meals, e.g., breakfast, lunch and dinner, as well

as 1lntermediate snacks, drinks, etc.

~The general shape of a glucose absorption
profile for any person rises following ingestion of the
meal, peaks at some measurable time following the meal,

and then decreases thereafter. The speed i.e., the rate

from beginning to completion, of any one glucose absorp-
tion profile typically varies for a person by meal compo-
sition, by meal type or time (e.g., breakfast, lunch,

dinner or snack) and/or according to one or more other

factors, and may also vary from day-to-day under other-

wise identical meal circumstances. Generally, the feed

forward information relating to such meal intake informa-
tion supplied by the patient to the system 10 should con-
tain, either explicitly or implicitly, an estimate of the
carbohydrate content of the meal or snack, corresponding
to the amount of carbohydrates that the patient is about
Lo ingest, is ingesting, or has recently ingested, as
well as an estimate of the speed of overall glucose ab-
sorption from the meal by the patient.

The estimate of the amount of carbohydrates
that the patient is about to ingest, is ingesting, or has
recently ingested, may be provided by the patient in any
of various forms. Examples include, but are not limited

Lo, a direct estimate of carbohydrate weight (e.g., in

units of grams or other convenient weight measure), an

amount of carbohydrates relative to a reference amount

(e.g., dimensionless), an estimate of meal or snack size

(e.g., dimensionless), and an estimate of meal or snack

PCT/CH2006/000682
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size relative to a reference meal or snack size (e.g.,

dimensionless). Other forms of providing for patient in-
put of carbohydrate content of a meal or snack will occur

to those skilled in the art, and any such other forms are
contemplated by this disclosure.

The estimate of the speed of overall glucose

absorption from the meal by the patient may likewise be

provided by the patient in any of various forms. For ex-

ample, for a specified value of the expected speed of
overall glucose absorption, the glucose absorption pro-
file captures the speed of the meal taken by the patient.
As another example, the speed of overall glucose absorp-

tion from

the meal by the patient also includes a time

duration between ingesting of the meal by a person and
the peak glucose absorption of the meal by that person,
which captures the duration of the meal taken by the pa-
tient. The speed of overall glucose absorption may thus
be expressed in the form of meal speed or duration. Exam-

ples of the expected speed of overall glucose absorption

parameter

in this case may include, but are not limited

to, a compound parameter corresponding to an estimate of

the meal speed or duration (e.g., units of time), a com-

pound parameter corresponding to meal speed or duration

relative to a reference meal speed or duration (e.g., di-

mensionless), or the like.

As another example of providing the estimate

of the expected speed of overall glucose absorption pa-

rameter, the shape and duration of the glucose absorption

profile may be mapped to the composition of the meal. Ex-

gy

amples of

the expected speed of overall glucose absorp-

tion parameter in this case may include, but are not lim-

ited to, =

n estimate of fat amount, protein amount and

carbohydrez
tion with

meal size

te amount (e.g., in units of grams) in conjunc-
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