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- METHOD AND DEVICE FOR DRUG DELIVERY
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S Provisional Patent Application
No. 61/008,276, filed December 18, 2007, entitled “Method and Device for Drug Delivery”,

and incorporates its disclosure herein by reference in its entirety.

[0002] The present application relates to U.S. Provisional Patent Application Serial
No. 60/895,518, filed March 19, 2007, U.S. Provisional Patent Application Serial No.
60/895,519, filed March 19, 2007, U.S. Provisional Patent Application Serial No. 60/912,698,
filed April 19,2007, U.S. Provisional Patent Application Serial No. 60/940,721, filed May
30, 2007, U.S. Utility Patent Application No. 11/821,230, filed June 21, 2007, U.S.
Provisional Patent Application Serial No. 61/008,278, filed December 18, 2007, U.S.
Provisional Patent Application Serial No. 60/956,700, filed August 19, 2007, U.S.
Provisional Patent Application Serial No. 60/970,997, filed September 10, 2007, U.S.
Provisional Patent Application Serial No. 61/008,325, filed December 18, 2007, U.S.
Provisional Patent Application Serial No. 61/008,274, filed December 18, 2007, U.S.
Provisional Patent Application No. 61/008,277, filed December 18, 2007, and International
Patent Application No. PCT/IB2008/051044, filed March 19, 2008. Each of the foregoing

disclosures is incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0003] The present invention relates to systems and methods for delivering drugs to a
patient. In particular, the present invention relates to systems and methods for more efficient

and controlled subcutaneous infusion of drugs or substances.

Background

[0004] Diabetes is a very serious illness affecting millions of people today. Many
diabetic patients require injection of insulin to maintain proper levels of glucose in their
blood in order to survive. Such injections of insulin are done using various drug delivery

systems.
1
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[0005]) Many medical treatment systems and methods involve drug delivery systems
that employ subcutaneous infusions of therapeutic fluids, drugs, proteins, and other
compounds. Such delivery systems and methods, especially in the area of insulin delivery,
have made use of subcutaneous catheters and continuous subcutaneous insulin infusion
(“CSII”) pumps. In conventional insulin pumps, the pump can be attached to a disposable
thin plastic tube or a catheter through which insulin passes into the tissue. The catheter can
be inserted transcutaneously, typically through the skin of the patient’s abdomen, and is
changed every two to three days. New types of insulin pumps, such as the OmniPod pump
manufactured by Insulet Corporation, do not have an external catheter and, instead, a catheter

port is embedded into the pump mechanism.

[0006] In many instances, patients require insulin delivery around the clock to keep
proper levels of glucose in their blood. Insulin can be delivered at a basal rate or in bolus
doses. The basal rate represents insulin that is continuously delivered to the patient. Such a
continuous delivery of insulin keeps the blood glucose level in the desired range between
meals and overnight. The bolus dose is an amount of insulin delivered to the patient
according to food intake at meals, particularly carbohydrates. When patient consumes food,
his or her levels of glucose rise. Some conventional pump mechanisms are configured to
react upon command, or by way of an automated procedure, to the increase in glucose levels
by delivering a bolus dose of insulin that matches the rise in the level of glucose and prevents
large fluctuations in glucose levels. However, this attempt at control is confounded by the
fact that there is usually a variable profile of the absorption of insulin from the injection site
to the blood circulation. This variability of the insulin absorption results in an error of up to
30% in insulin levels in the blood and hence results in variability of the insulin effect. Such
variability in turn causes extreme variability in the resulting glucose levels, which may cause
‘hyperglycemic and hypoglycemic events; in any case such variability itself has been shown
to be potentially damaging to organs and body systems. (See, e.g., Lutz Heinemann,
“Variability of Insulin Absorption and Insulin Action”, Diabetes Technology & Therapeutics,
Vol. 4 No 5, 2002). '

SUMMARY OF THE INVENTION

[0007] In some embodiments, the present invention relates to a system and a method

having a more consistent and lower variability of the amount and profile of an absorbed
2
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delivered drug into the circular blood and lymph system when administered invasively. In
some embodiments, the present invention relates to a system and method for invasive
administration through an infusion pump. Some embodiments of the present invention relate
to a system and method for administering a drug which affects and/or controls blood sugar
for preventing and/or reducing occurrence of hyperglycemic and hypoglycemic events in a

subject.

[0008] The systems, apparatuses, methods and devices described herein overcome the
drawbacks described in the background art by providing a system, device and method for at
least reducing the variability of absorption of a drug to a subject when administered
invasively. As used in the following specification, “invasively” means any type of
administration, which induces at least a temporary breach in the skin of the subject, including
any type of parenteral administration, which, for example, may include, but is not limited to,
an intravenous administration or any type of injection or infusion whether subcutaneous,
intradermal, transdermal, intramuscular, intraperitoneal, int;athecal and the like. For the non-
limiting, illustrative purposes and ease of the following description only, the below described
embodiments relate to administration of a drug using a pump, for example, an infusion pump,
as described herein. In some embodiments, the infusion pump can be connected to the
subject on a continuous basis. As can be understood by one skilled in the art, the infusion
pump can be connécted to the patient subject in any other desired way. Some embodiments
of the present application can be used with transdermal drug delivery as well, although some
types of transdermal drug administration can be used for temporarily breaching the skin of

the subject.

[0009] Again for the purposes of illustration and without any intention of being
limiting, the exemplary drug discussed herein can be a drug for affecting and/or controlling
blood sugar, for example, insulin. As can be understood by one skilled in the art, other types
of drugs and/or compounds can be used with the present invention. As stated above, insulin
absorption is generally highly variable. Even with the use of a pump to provide a more rapid
response to measured and/or anticipated changes in blood glucose levels, subjects may still
experience variable blood glucose levels due to the variability of effective insulin in the body.

In some embodiments, the methods, devices and systems of the present invention solve the
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deficiencies of the conventional systems by overcoming the drawbacks associated with

insulin administration and/or absorption.

[0010] One source for the variability of the insulin absorption in the subcutaneous
tissue, among other physiological parameters, is the variation in the local blood perfusion at
the insulin infusion site. Another source for variability is the variation in the capillary wall’s
permeability. These physiological parameters are influenced by temporal physical activity or
exercise, ambient temperature, or any other factors. Also, the physiological parameters
correlate with the skin temperature. Other types of poténtially variable characteristics,
relating to the subject and/or the subject’s environment, may also affect drug efficacy during

invasive drug administration.

[0011] In some embodiments, the methods, devices and systems of the present
invention relate to a drug delivery device capable of adjusting administration of a drug to a
patient by performing various measurements relating to a patient, wherein at least one of the
measurements is different from a measurement of a particular drug level in the blood of the
patient. The measurements are then used to adjust administration of a drug in order to
improve its effects (e.g., regulation of glucose levels in cases of insulin delivery). The
measurements can include physiological, biochemical, environmental or any other
measurements. Non-limiting examples of physiological measurements include skin
temperature measurements; biochemical measurements include blood insulin level and/or the
rate of change of blood insulin level measurements after administration of insulin; and,

environmental measurements include ambient (e.g., air) temperature measurements.

[0012] According to some embodiments, a drug delivery device can be combined
with at least one sensor for measuring parameters that can influence drug’s pharmacokinetics
and/or pharmacodynamics, including, for example, skin temperature, ambient temperature,

- physical activity, local blood perfusion at the drug infused tissue region, and/or others. As
can be understood by one skilled in the art, the present invention can include one or more
additional sensors that measure the above and any other parameters that can influence drug’s
pharmacokinetics and/or pharmacodynamics. In some embodiments, the measured
parameters can be used by a controller to calculate an adjustment to the delivered drug dose
or rate in order to improve the accuracy and/or the repeatability of the desired effect of the

delivered drug.
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[0013] For example, with regard to insulin, the controller can use the measurement
information to calculate an adjustment to the delivered insulin dose or rate or delivery profile
in order to improve accuracy or repeatability of the insulin effect. In some embodiments, the
information can be used to reduce glucose variations during a particular time (e.g., a day).
The information can be also be used in determination of postprandial glucose levels. In some

embodiments, one or more sensors can be disposed at the insulin pump for insulin infusion.

[0014] Past studies, such as those performed by Koivisto checked the influence of the
ambient temperature or the skin temperature on insulin absorption. (See, e.g., Koivisto, V.A.,
“Sauna-Induced acceleration in Insulin Absorption from Subcutaneous Injection Site”, British
Medical Journal, Vol. 280, 1980). Koivisto checked the effect of placing the subject in a
sauna (twice for 25 minutes at 85°C), in order to heat the skin, on the disappearance rate of
1251-labelled rapid acting insulin. The result was the observation of 110% faster absorption
when the subject was in the sauna as compared with room temperature (p<0.01). Also, in the
study, the postprandial glucose rise 2 hours after breakfast was reduced to 3.2mmol/] instead
of Smmol/l postprandial glucose rise at room temperature. Other studies, such as Sindeka et
al., showed a positive correlation (p<0.0008) between local skin temperature at the insulin
injection site in the range of 30°C-37°C and the serum insulin level 45 minutes after injection
of the insulin. (See, e.g., Sindeka, G., et al., “Effect of Insulin Concentration, Subcutaneous
Fat Thickness and Skin Temperature on Subcutaneous Insulin Absorption in Healthy

Subjects”, Diabetologia, Vol. 37 No. 4, 1994).

[0015] As indicated by the studies, the ambient and skin temperatures influence on
the insulin absorption in the blood. Thus, by measuring the skin and/or ambient temperatures,
the delivered insulin dose or delivery profile can be adjusted. However, in the conventional
systems, the above observation is not practically useful for increasing efficacy of insulin
administration, because the observation alone is not sufficient. Thus, there is a need for a
method and a system that would adjust one or more aspects of insulin administration based

on the observed temperature.

[0016] According to some embodiments, the present invention relates to a drug
delivery apparatus and/or device including a sensor that measures the skin temperature and/or
the ambient temperature. The sensor can be connected using a wire or wirelessly to a

processing unit that can use the measured temperature to calculate an adjustment to an insulin
5
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dose or delivery profile. The adjustment can include a change in the amount of insulin
delivered and/or timing of delivery and/or rate of delivery. The timing of delivery can also
relate to the frequency of delivery for a plurality of insulin doses. The insulin adjustment can
also be applied to a basal insulin level for a certain period and/or to a bolus insulin profile for
a certain period, according to the insulin levels being delivered at that time. Information
regarding the insulin adjustment is preferably transmitted either through wire(s) or wirelessly
to an insulin pump that applies the adjusted insulin level and determines an insulin

administration profile according to the calculated adjustments.

[0017] In some embodiments, the present invention relates to a device that includes a
user interface, whether as part of the device and/or as part of an external device, for
displaying information about the insulin adjustment. The user interface may be any type of
screen or other visual display, and/or an audio display and/or a tactile display. The user
interface may be provided through an external device, including but not limited to, a
computer, a cellular telephone, a pager, a PDA, an interactive television or any other suitable
device. The user interface may be used by the subject, such as a patient, a physician, a
medical professional, and/or other individual(s). In some embodiments, the adjustment can
be displayed before it is applied to the patient. In some embodiments, the user of the

interface can be asked to confirm the insulin level adjustment beforehand.

[0018] In some embodiments, the present invention relates to an apparatus for
controlling administration of a drug to a body of a patient. The apparatus includes a drug
infusion device configured to deliver drug at a predetermined location in the body of the
patient, at least one sensor disposed in the drug infusion device and configured to measure a
corresponding property related to the patient and selected from the group consisting of
physiological properties, biochemical properties, environmental properties and drug-related
properties, a controller disposed in the drug infusion device and configured to receive from
the at least one sensor data representative of the measured corresponding property and based
on the received data, determine a drug delivery rate. The drug delivery device is configured

to deliver the drug to the body of the patient based on the determined drug delivery rate.

[0019] In some embodiments, the present invention relates to a method for controlling
administration of a drug to a body of a patient using a drug delivery device having at least

one sensor. The method includes using the at least one sensor, measuring a corresponding
6
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property related to the patient and selected from the group consisting of physiological
properties, biochemical properties, environmental properties and drug-related properties. The
method further includes receiving, from the at least one sensor, data representative of the
measured corresponding property, then based on the received data, determining a drug
delivery rate, and, using the determined drug delivery rate, delivering the drug to the body of

the patient at a predetermined location on the body of the patient.

[0020] In some embodiments, the present invention relates to a system for managing
administration of a drug. The system includes a device for administering the drug to a subject,
a sensor for detecting at least one parameter selected from the group consisting of:
physiological, biochemical, environmental, and a parameter related to the drug itself, and a
controller for controlling the device for administering the drug according to the at least one

parameter.

[0021] In some embodiments, the present invention relates to a drug administration
device for administering a drug to a subject. The device includes a sensor for detecting at
least one parameter selected from the group consisting of: physiological, biochemical,
environmental, and a parameter related to the drug itself, and a controller for controlling

administration of the drug according to the at least one parameter.

[0022] In some embodiments, the present invention relates to a method for managing
administration of a drug to a subject. The method includes measuring at least one parameter
selected from the group consisting of: physiological, biochemical, environmental, and a
parameter related to the drug itself, and adjusting at least one aspect of administration of the

drug according to the at least one parameter.

[0023] The term “drug”, as used herein, is defined to include any pharmaceutically
active compound including but not limited to compounds that treat diseases, injuries,

undesirable symptoms, and improve or maintain health.

[0024] Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
disclosure pertains. The materials, methods, apparatuses, systems, devices and examples

described herein are illustrative only and not intended to be limiting.
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[0025] Although the foregoing has been described with respect to drug delivery of
insulin for the treatment of diabetes, this is a non limiting example of the present disclosure.
Any additional chronic or acute condition may be treated with the drug delivery device of the
present invention, for example including but not limited to hypoxia, anemia, cholesterol,

stroke, heart or the like.

[0026] Implementation of the methods and apparatus of the present disclosure
involves performing or completing certain selected tasks or steps manually, automatically, or
a combination thereof. Moreover, according to actual instrumentation and equipment of
some of the embodiments of the methods and apparatuses of the present disclosure, several

selected steps could be implemented by hardware or by software on any operating system of
any firmware or a combination thereof. For example, as hardware, selected operations of the
methods, apparatuses, systems and devices described herein could be implemented as a chip
or a circuit. As software, selected operations could be implemented as a plurality of software
instructions being executed by a computer using any suitable operating system. In any case,
selected operations of the method and system of the present disclosure could be described as
being performed by a data processor, such as a computing platform for executing a plurality

of instructions.

[0027] Although the present disclosure is described in relation to a “computer” or a
“computer network”, it should be noted that any device featuring a data processor and/or the
ability to execute one or more instructions may be described as a computer, including but not
limited to a PC (“personal computer™), a server, a minicomputer, a cellular telephone, a smart
phone, a PDA (“personal data assistant”), a pager. Any two or more of such devices in
communication with each other, and/or any computer in communication with any other

computer, may comprise a “computer network”.
BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The disclosure is herein described, by way of example only, with reference to
the accompanying drawings. With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example and for purposes of illustrative
discussion of the embodiments of the present disclosure only, and are presented in order to

provide what is believed to be the most useful and readily understood description of the
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principles and conceptual aspects of the methods, apparatuses, systems and devices described
herein. In this regard, the description taken with the drawings makes it apparent to those

skilled in the art how the several forms of the disclosure may be embodied in practice.

[0029] Figure 1 schematically illustrates an exemplary catheter for drug delivery with
a temperature sensor for measurement of the skin temperature, according to some

embodiments of the present invention.

[0030] Figure 2 is a block diagram of an exemplary system including a drug delivery

device and a controller, according to some embodiments of the present invention.

[0031] Figure 3 is a flow chart of an exemplary procedure for adjusting a drug

delivery dosage (e.g., insulin), according to some embodiments of the present invention.

[0032] Figure 4 is a block diagram of another exemplary system that includes a drug
delivery device and a sensor for measuring physical activity of a patient, according to some

embodiments of the present invention.

[0033] Figure 5 is a block diagram of another exemplary system that includes a drug
delivery device and a sensor for measuring local blood perfusion of a patient at the drug

infused tissue region, according to some embodiments of the present invention.

[0034] Figure 6 is a block diagram of another exemplary system that includes a drug
delivery device and an insulin quality sensor for providing information about the drug,

according to some embodiments of the present invention.

[0035] Figure 7 is a block diagram an exemplary device for drug delivery, according

to some embodiments of the present invention.

[0036] Figure 8 is a plot illustrating an effect of skin temperature in the insulin

pharmacokinetics, according to some embodiments of the present invention.

[0037] In the above figures, like reference numbers and designations indicate similar

elements.
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DETAILED DESCRIPTION OF THE INVENTION

[0038] In some embodiments, the present invention relates to a drug delivery device,
apparatus, system and method for controlling efficacy of invasive administration of a drug by
performing one or more measurements relating to the subject (e.g., patient). The
measurements include, but are not limited to, measurements that are other than measurements
of a level of the drug in the blood. The measured information is then used to calculate an
adjustment to administration of a drug to improve effects of the drug (e.g., improvement of
- regulation of glucose levels in cases of insulin delivery). Information regarding level of the
drug in the blood may be combined with one or more subject’s measurements to determine
what the adjustment should be. In some embodiments, the measurements can include one or
more of the following: a physiological, a biochemical, an environmental and/or any other
type of measurement. Non-limiting examples of physiological measurements include skin
temperature, blood flow and blood volume at the site of administration, and others. Non-
limiting examples of biochemical measurements include blood insulin level and/or the rate of
change of blood insulin levels after administration of insulin. As can be understood by one
skilled in the art, insulin can be substituted for any other type of drug. Non-limiting examples

of an environmental measurement include ambient (e.g., air) temperature.

[0039] In some embodiments, the present invention includes a sensor for measuring at
‘least one of the ambient and/or subject skin temperature(s). A plurality of sensors can be
used to measure the ambient temperature and also the skin temperature. A sensor can be
provided to measure the level of the drug in a body tissue, which can include a body fluid. In
some embodiments, the sensor can be configured to measure (directly or indirectly) the level
of the drug in the blood. In some embodiments, the sensor can also measure the rate of

change of the drug level after administration thereof.

[0040] In some embodiments, part or all of the described components are disposed in
a single housing. For instance, the processing unit can be disposed in the insulin pump
housing. In some embodiments, the above-described calculation can be performed by the
insulin pump’s processing unit. In some embodiments, the skin and/or ambient temperature
sensors, the processing unit and the insulin pump can be disposed in a single housing. The
insulin pump housing can also include a display that can be configured to show the adjusted

insulin level. The display can be configured to be a part of PDA, a computer, a cellular phone,
10
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or any other suitable device. In some embodiments, the skin temperature is measured using a

temperature sensor that can be configured to be attached to the skin.

[0041] The principles and operation of the present invention can be better understood

with reference to the drawings and the accompanying description.

[0042] Figure 1 illustrates an exemplary insulin infusion device 100, according to
some embodiments of the present invention. As can be understood by one skilled in the art,
the device 100 is drawn to a non-limiting embodiment of an insulin infusion device. For
illustrative, non-limiting purposes only, the following description will be presented
referencing “an insulin infusion device”. As can be understood by one skilled in the art,
device 100 can be any drug infusion device and its associated elements can be configured to
perform appropriate functions associated with such drug infusion device in accordance with

the embodiments of the present invention.

[0043] The device 100 includes a securing element 5 for securing a drug (e.g., insulin)
infusion set coupled to the skin of a patient using a skin adhesive 1, a catheter 3 for insertion
into a subcutaneous compartment of the patient and coupled to a catheter tube 104 protruding
outside of the securing element 5, at least one sensor 102, and an ambient temperature sensor
106. The sensor 102 can include but is not limited to a skin temperature sensor 2. As shown
in Figure 1, the device 100 can include two sensors 102. As can be understood by one skilled
in the art, there can be more than one sensor 102 associated with the device 100. In some
embodimenfs, the skin temperature sensor 2 is disposed in the insulin infusion set securing
element 5 such that the skin temperature sensor 2 measures the temperature of the skin
adjacent to the tissue region which is configured to receive the drug (not shown in Figure 1).
In some embodiments, the insulin is infused through the catheter 3 into the tissue disposed
underneath the skin of the patient. The insulin infusion set securing element § is attached to
the skin with adhesive 1, such that the temperature sensor 2 is in direct contact with the skin
with or without any additional matching hydrogel or another coupling material (not shown in

Figure 1).

[0044] As illustrated in Figure 1, the temperature sensor 2 is configured to be coupled
to an insulin pump (not shown in Figure 1) using a wire 4. In some embodiments, the wire 4

can be attached to the catheter tube 104, embedded in the tube 104 and/or otherwise

11
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connected to or combined with tube 104. In some embodiments, the device 100 can be
configured to include a an optional catheter connector (not shown in Figure 1) for attaching
and detaching the tube 104 to and from a portion of the catheter 3 that is inserted into the
body of the patient (not shown in Figure 1). The optional catheter connector can be also
configured to connect and disconnect the wire 4. The optional catheter connector can be
configured to allow easy coupling and de-coupling of the device 100 from the skin of the
patient. In some embodiments, the skin temperature sensor 2 can be configured as a separate

unit adhered to the skin proximate to the insulin infusion set securing element 5.

[0045] In some embodiments, the device 100 can be configured to include an ambient
temperature sensor 106 for measuring a temperature of the environment at or proximate to the
skin of the patient. The ambient temperature sensor 106 can be configured to measure, for
example, the temperature of air surrounding the device 100. As can be understood by one
skilled in the art, the sensor 106 can be configured to measure other parameters besides the

ambient temperature.

[0046] In some embodiments, the ambient temperature sensor 106 can be disposed in
the housing of the drug infusion set, as illustrated in Figure 1. As shown, the ambient
temperature sensor 106 is attached and/or embedded or otherwise combined with the securing
element 5. In some embodiments, the sensor 106 can be disposed on the upper side of
securing element 5, such that the ambient temperature sensor 106 can be configured to be
exposed to the surrounding air for the measurement of the surrounding air temperature. In
some embodiments, the ambient temperature sensor 106 can be coupled to the drug delivery
device (e.g., an insulin pump, as shown in Figure 2), and/or to a third party unit, such as, a
PDA, a computer, a laptop, a cellular telephone, or any other external computer or other
suitable device. The sensor 106 can be coupled to these devices via a wired, wireless,
wireline, RF, or any other type of suitable connection. In some embodiments, the ambient
temperature sensor 106 is disposed in the drug delivery device and connected to its
processing unit, as shown in Figure 2. In some embodiments, the ambient temperature sensor
106 is disposed in an external unit, such as, a PDA, a personal computer, a laptop, a cellular

phone, or any other suitable device.

[0047] Referring to Figure 2, an exemplary system 200 having a drug delivery device

202 and a controller 204 is shown. In some embodiments, the controller 204 can be
12
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combined with the drug delivery device 202. Alternatively, the controller 204 can be
configured to be separate from the drug delivery device 202. The latter implementation is
shown for the purpose of illustration only. The controller 204 is configured to control the
administration of the drug (e.g., insulin) through the drug delivery device 202 by, for example,
activating and/or deactivating drug delivery device 202, or by otherwise enabling or blocking

administration of drug by the drug delivery device 202.

[0048] In some embodiments, the system 200 includes at least one sensor 206. In
alternate embodiments, the system 200 can be configured to include a plurality of sensors 206.
The multiple sensors 206 can be configured to include an ambient temperature sensor 208, a
skin temperature sensor 210, and/or any other sensors. The temperature information obtained
from the sensor 206 can be communicated to the controller 204. Based on the communicated
information, the controller 204 can be configured to adjust at least one aspect of drug
administration by the drug delivery device 202 to the patient. Such aspects can include, but
are not limited to, timing(s) of dose(s), dose(s) amount(s), rate(s) of administration of a single
dose, temporal profile of the dose and/or timing of administration of a plurality of doses.
Such an adjustment may be made, for example, according to a procedure depicted in Figure 3.
For example, in some embodiments, if the skin temperature is relatively high, the controller
204 can be configured to reduce the amount of insulin to be administered to the patient in at
least one dose, since higher skin temperature tends to lead to an increased bioavailability of
the dose of insulin. In another example, the controller 204 can be configured to fit the insulin
delivery profile of an insulin pump and to optimize the insulin profile in the blood in order to
obtain the smallest postprandial glucose excursion with smallest chance of postmeal
hypoglycemia. Such improved profile can be, for instance, used to reduce the amount of an
infused insulin in the first hour, when insulin absorption is accelerated, and increase it after
an hour. In some embodiments, another option is to apply a split bolus with a reduced first
bolus and an increased second bolus. In some embodiments, another exemplary profile use
the advantage of the accelerated insulin absorption, when the local temperature is elevated, to
keep the infusion rate at the first hour the same and only to slightly increase the delivery rate
afterwards at after the first to second hour to compensate for the faster clearance of the
insulin infusion site without getting into hypoglycemia. Other adjustments of the insulin
delivery profile are possible and may depend also in the meal composition, injection site and

other measured parameters as discussed in the present application. For instance, in case of
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carbohydrate rich meal, where the glucose is proposed to rise more rapidly, it may be
advantageous to have enhancement of the insulin absorption at the first hour and in this case
down adjustment of the insulin dose at the first hour will not be applied. On the other hand, in
case of fat rich meal or low carbohydrate meal, where the glucose is proposed to rise more
slowly, it may be advantageous to further reduce the blood insulin level at the first hour and
increase it later on, so in this case if the skin temperature is elevated down adjustment of the
insulin dose at the first hour will be appliéd. Different drugs may have different adjustments

made, since the effect of temperature on these drugs may vary.

[0049] The sensors 206 may also include a drug level sensor 212 for measuring the
level of drug in a tissue of the subject, such tissue including, but not limited to, one or more
of blood or skin. The information from the drug level sensor 212 is transferred to the
controller 204 to adjust the dose accordingly. The drug level information may be used with

the temperature information to control drug delivery to the subject.

[0050] The system 200 further includes a user interface 216 in communication with
the controller 204 to enable the user (or any another individual) to view information
regarding the administration of the drug. Such information can include information about a
dose being administered, one or more of drug levels, drug pharmacokinetics, skin
temperature, administration characteristics, drug absorption process components such as drug
disassociation process, diffusion and absorption into the blood, lymph, cells, etc., as well as
any other parameters, factors, and/or characteristics. Additionally, the user interface is
configured to enable control of one or more aspects of the drug administration. For example,
the user can input data to enable control of the quantity of the administered drug, timing, rate
of administration of a single dose of the drug, timing of administration of a plurality of doses
of the drug, etc. If more than one drug or types of drug are administered through the system
200, then the user interface 216 can be configured to enable the user to provide information
about the drug being administered. Such control can be accomplished through use of a pull

down menu, text entry box, and/or any other type of information entry mechanism.

[0051] In some embodiments, the controller 204 can be configured to identify one or
more alert and/or alarm conditions related to the temperature by identifying a non-realistic
(e.g., rapid changes of skin temperature, or the temperature is too high, too low, or otherwise

inconsistent with administration of the drug to the patient) skin temperature. Such non-
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realistic temperature can occur for example if the skin temperature sensor is fully or partially
detached from the skin of the patient. Based on such identification, the c_:ontroller can be
configured to take an appropriate remedial action, such as, stopping the drug dose adjustment.
In some embodiments, the controller 204 can be configured to initiate an alert to the user, for
example, through the user interface 216, which can include a visual display and/or audio
means generating a sound, so that the user can be properly alerted and determine the cause of
the identified temperature problem. In some embodiments, the user, upon discovering the

cause of the alert/alarm, can nevertheless continue with the drug dosage adjustment process.

[0052] In the embodiments when an insulin pump and/or infusion sets are used, the
controller 204 can be configured to use the skin temperature sensor variations to alert the user
to possible disconnection or leakage of insulin from the infusion set. Such disconnection or
leakage can lead to hyperglycemia events, and thus, the user should be timely alerted to these

conditions.

[0053] Figure 3 is a flow chart illustrating an exemplary procedure 300 for adjusting
an insulin dose or delivery profile or some other drug dosage level, according to some
embodiments of the present invention. As can be understood by one skilled in the art, the
procedure 300 is applicable to any type of drug administration and is not limited to insulin.
In stage 1, insulin information, such as insulin concentration or type is provided. At this
stage, a basal amount of insulin for the user can also be provided. In stage 2, the insulin
injection location on the body of the patient is determined. In stage 3, the temperature of the
skin of the patient is measured. In stage 4, the procedure 300 determines whether the skin
temperature is different from what is considered to be “normal” or regular temperature level.
In stage 5, based at least in part on the determination of whether the measured temperature is
different from the “normal” temperature the amount of infused insulin can be changed. In
some embodiments, if the skin temperature is determined to be higher than the “regular” or
normal skin temperature, the amount of infused insulin can be reduced because the delivered
insulin can be absorbed by the body at a higher rate, i.e., higher than the rate of absorption at
the “regular” temperature, and also because the bioavailability of the delivered insulin is
higher. Generally, the relationships between skin temperature and Serum Insulin (“SI”’) level
45 min after injection of insulin bolus and the temperature (T) at temperature range of 30-

37°C have been determined to be as follows:
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SI[pmol/1] = 3.05*T[°C] - 73.8 for U40 insulin; and
SI[pmol/l] = 2.12*T[°C] - 48.7 for U100 insulin.

[0054] Thus, for example, a possible adjustment for the insulin dose for U40 insulin

is given by:
Adjusted Insulin Dose = Regular Insulin Dose * Adjustment Factor
where
Adjustment Factor = (3.05* Tregular [°C] - 73.8 ) / (3.05*T[°C] - 73.8)

where Tregular is the “regular” skin temperature for which the regular insulin dose is
calculated and T is the current skin temperature in the temperature range of 30-37°C,
as measured by the skin temperature sensor. For larger temperature range, a more

complex expression may be used and applied.

[0055] In some embodiments, in stage 1, the user enters the insulin concentration
through a user interface (for example, the user interface disposed on the insulin pump) such
that the best expression for a specific insulin concentration can be used in the calculation of
the dose adjustment. In some embodiments, in stage 2, using the user interface, the user can
enter the location of the insulin infusion site such that the best expression for a specific
infusion site can be used in the calculation of the dose adjustment. In some embodiments,
other expressions may be used, including, for example, non-linear adjustment expressions

that provide the best correction to the infused insulin dose.

[0056] In some embodiments, the insulin dose or delivery profile can be adjusted if
the skin temperature is determined to be higher than a previously determined “normal” skin
temperature. In some embodiments, the insulin dose or delivery profile can be adjusted if the
skin temperature is determined to be lower than a previously determined “normal” skin
temperature. In some embodiments, both types of adjustments can be performed. In either
case, an adjustment can be performed if the degree of difference is above a predetermined

temperature threshold.
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[0057] In some embodiments, the insulin dose adjustment can be time-dependent and
also relates to the time passed from the insulin bolus delivery or the particular time of day at
which the procedure is to be performed. Figure 8 is an exemplary plot illustrating the effect
of a skin temperature on the insulin pharmacokinetics (“PK”). As shown in Figure 8, the
insulin PK was measured in nine subjects who used a rapid acting insulin (0.15 U/kg) with an
insulin pump, such as, an insulin pump manufactured by Medtronic Minimed, Inc.,
Northridge, CA, USA. The plot illustrates two curves 801 (i.e., a dashed line), which
represents subjects having normal skin temperature of approximately 31°C, and 802 (i.e., a
solid line), which represents subjects having an elevated skin temperature of approximately
38.5°C for a period of approximately 30 minutes. The study was crossover study, wherein the
subjects (e.g., Type I Diabetic patients) repeated insulin injection together with a
standardized meal twice. At one case with normal skin temperature and on the other case
with eievated skin temperature. As shown in Figure 8, curve 802 has a higher insulin PK
profile at the initial 80min, where the higher temperature induces higher local blood perfusion
and faster absorption of the insulin into the blood and lower afterwards. This is caused by the
faster clearance of insulin from the injection site. Thus, to optimize the insulin delivery and
reduce its variability, the meal insulin bolus can be divided into several time-dispersed
boluses, such as a square wave or a split bolus. In some embodiments, each of these can be
adjusted based on the prospected insulin absorption profile according to the measured skin
temperature and/or local blood perfusion at the injection, and/or other parameters, as
discussed in the present application. For instance, by applying a proper temperature
correction adjustment factors to the series of time dispersed insulin boluses, the difference

between PK profiles in curves 801 and 802 can be reduced.

[0058] In some embodiments, alternative and/or additional parameters can be
employed for the purposes of dose adjustment calculations. The calculations include
parameters pertaining to the measured ambient temperature, for example, by the ambient
temperature sensor, the level of physical activity (as discussed below), and/or the level of
local blood perfusion (as also discussed below). For any of the above adjustments, the
insulin dose adjustment can be applied to the basal insulin level and/or to bolus insulin

delivery.
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[0059] Studies have been performed to examine the effects of exercising on insulin
absorption, e.g., Koivisto, V.A,, Felig, P., “Effects of leg exercise on insulin absorption in
diabetic patients”, The New England Journal of Medicine, Vol. 298, 79-83 (1978). Koivisto
examined the effect of a leg exercise on insulin absorption from various injection sites using
1251-1abelled rapid acting insulin, which was injected subcutaneously into the leg, arm or
abdomen of patients with insulin-dependent diabetes before one hour of intermittent leg
(bicycle) exercise and on a resting, control day. The study determined that insulin
disappearance from the leg was increased by 135 per cent during the first 10 minutes of leg
exercise and remained 50 per cent above resting levels after 60 minutes. On the other hand,
leg exercise had no effect on insulin disappearance from the arm. However, insulin
disappearance from the abdomen was reduced during the post-exercise recovery period.
Thus, it was determined that exercise contributes, and may improve, insulin delivery to the

body.

[0060] Figure 4 illustrates an exemplary system 400 that includes a drug delivery
device 402 with a sensor 404 for measuring a physical activity of the patient, according to
some embodiments of the present invention. The sensor 404 can be a pedometer and/or more
complicated sensors, such as a SenseWear® WMS sensor, manufactured by BodyMedia Inc.
In some embodiments, the sensor 404 can provide real-time displays and continual
monitoring of parameters such as calories burned, duration of physical activity, sleep, and

other parameters.

[0061] In some embodiments, the physical activity sensor 404 can be configured to
communicate with a controller 406 via a wired, wireless, wireline, RF, or any other type of
suitable communication. The controller 406 uses data communicated by the sensor 404 to
compute an adjustment to at least one aspect of administration of therapeutic drugs (e.g.,
insulin) from the drug delivery device 402. In some embodiments, the aspect can include one
or more of the following: timing of a dose, dosage amount, rate of administration of a single
dose, temporal profile of the administration of the dose and/or timing of administration of a
plurality of doses. In embodiments, where the administered drug is insulin, the insulin -
adjustment can be applied to a basal insulin level for a certain period and/or to a bolus insulin
profile for a certain period, according to the insulin levels delivered at that time. The insulin

adjustment value, or the new adjusted insulin level, can be transmitted either via a wired,
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wireless, wireline, RF, or any other type of communication to the drug delivery device 402.
In some embodiments, for example, an insulin pump applies the adjusted insulin level and

corrects the delivered insulin levels according to the computed adjustments.

[0062] In some embodiments, the insulin adjustment or the new adjusted insulin level
is displayed to the patient and/or other relevant individual(s) (e.g., physicians and/or other
medical personnel), before the adjustment is applied. In some embodiments, the user
interface 408 displays the appropriate insulin levels and can be configured to operate
similarly to the user interface 216 shown in Figure 2. In some embodiments, the user
interface 408 can prompt the user to confirm the insulin level adjustment before it is applied

to the patient.

[0063] In some embodiments, part or all of the described components of the system
400 can be disposed in the same housing (not shown in Figure 4). For instance, the controller
406 can be disposed in the housing of the drug delivery device 402, wherein the drug delivery
device can be an insulin pump. In some embodiments, the adjustment computations
described herein can be performed by a processing unit disposed in the insulin pump or some
bther drug delivery device. In some embodiments, the physical activity sensor 404, the
controller 406 and/or the insulin pump (or some other drug delivery device) can be disposed
in the same housing. The user interface can be part of a separate device, as previously

described, or can be disposed in the housing of the drug delivery device 402.

[0064] In some embodiments, the physical activity sensor 404 can be disposed in the
insulin infusion set (not shown in Figure 4). The physical activity sensor 404 can measure the
local physical activity at the insulin infusion site in order to adjust the insulin dose or delivery
profile being infused into the infusion site based on data measured at that site. An example of
implementation of such physical activity sensor 404 is an accelerometer with one (1) to three

(3) axes disposed in the securing element of the infusion set.

[0065] In some embodiments, when the physical activity level is relatively high, the
controller 406 can be configured to reduce the amount of infused insulin because insulin is
generally absorbed at a higher rate (at least in some locations in the body) and has a relatively
high bioavailability level when the patient is engaged in a physical exercise. For instance, in

situations in which a high leg physical activity is measured by the physical activity sensor the
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insulin infusion rate into the leg may be multiplied by a time variable adjustment factor that
equals 1/2.35 = 0.43 at 10 minutes of leg exercise and equals 1/1.5 = 0.67 at 60 minutes. In
some embodiments, where the site of infusion is patient’s abdomen, the controller 406 can be
configured to increase the amount of infused insulin because infusion at this location, as it

was shown, results in a reduced absorption of insulin during exercise.

[0066] Figure 5 illustrates another exemplary system 500 having a drug delivery
device 502 with a sensor 504 that measures a local blood perfusion at the drug infused tissue
region, according to some embodiments of the present invention. The blood level sensor 504
can be configured to include any type of suitable sensor for determining such perfusion,
including, for example, a hemoglobin level sensor, an ultrasound Doppler flow sensor, Laser
Doppler Flowmetry (“LDF”’), sensors configured to perform measurements of the local
optical properties, sensors configured to perform measurements of local electric impedance,

sensors configured to perform measurements of the local heat dissipation, etc.

[0067] The blood level sensor 504 communicates with the controller 506, whether via
a wire, wirelessly, RF, or any other type of communication, and transmits to the controller
506 information regarding local blood perfusion at the insulin infusion site to calculate an
adjustment to insulin administration. In some embodiments, the adjustment can be any type
of adjustment as described herein, and can be applied to the basal insulin dose and/or to a
bolus dose. The insulin adjustment or the new adjusted insulin level is transmitted, either
through a wire, wirelessly, RF or any other type of communication, to the drug delivery
device 502. In some embodiments, the drug delivery device can apply the adjusted drug level
and correct the delivered drug levels according to the calculated adjustments. In some
embodiments, the drug delivery device can be an insulin pump and the drug is insulin. The
adjusted drug level information, blood level measurements, etc., can be displayed on a user
interface 508, which is similar to the user interface 216 and/or the user interface 408
discussed above. As previously discussed, in some embodiments, part or all of the described

components are disposed in the same housing.

[0068] Any of the exemplary embodiments of the systems shown in Figures 1, 2, 4 or
5 can be combined into a single system. For example, in embodiments, where the infused
drug is insulin, any of these embodiments can be combined using a procedure illustrated in

Figure 3.
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[0069] Figure 6 is a block diagram of an exemplary system 600 that provides
information about the drug itself, according to some embodiments of the present invention.
In some embodiments, the drug is insulin. The system 600 includes an insulin delivery
device 602 for delivering insulin to a subject (not shown in Figure 6). The system 600 also
includes a controller 604 for controlling at least one aspect of insulin administration. In some
embodiments, the controller 604 is disposed in the insulin delivery device 602. Alternatively,
in some embodiments, the controller 604 is external to the insulin delivery device 602. The
controller 604 can be configured to receive information about one or more physiological
and/or biochemical and/or environmental parameters from at least one sensor, such as, a
sensor 606. Additional sensors can be used in conjunction with the system. The information
transmitted by the at least one sensor 606 is used to adjust at least one aspect of drug (e.g.,
insulin) administration in a manner similar to that previously described in relation to other

system embodiments.

[0070] In some embodiments, the system 600 also includes an insulin information
interface 608. The user can enter the insulin concentration and/or insulin type manually to
the insulin information interface 608 to enable accurate determination of the dose adjustment
to be computed by the controller 604. In some embodiments, the insulin information
interface 608 can scan or read the insulin concentration and/or insulin type and/or insulin
expiration date from the insulin package directly (not shown), whether through some type of
optical acquisition and recognition mechanism and/or through communication with, for
example, an RFID (radio frequency identification) device. This feature can help reduce user

errors stemming from erroneous entering of insulin concentration data or insulin type data.

[0071] In some embodiments, the insulin package or bottle includes a specific code
that specifies the insulin type and/or the insulin concentration and/or insulin expiration date,
such that the code can be automatically read by the insulin information interface 608 using,
for example, codes on packages such as barcodes, optical codes or information encoded using
RFID. In some embodiments, the insulin information interface 608 and/or controller 604 is
configured to read the code that identifies insulin type and/or insulin concentration and/or
insulin expiration date. In some embodiments, the controller 604 receives this information

and uses it in the calculation of suitable insulin dosages and/or delivery profile.
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[0072] In some exemplary embodiments, in the event that it is determined that the
expiry date of the insulin has passed, the controller 604 can be configured to alert the user
and prevent delivery of the expired insulin. In some embodiments, the user displaces or
directs the insulin information interface 608 to the package code as part of filling or replacing
the insulin cartridge or insulin reservoir at the insulin delivery device 602. In some
embodiments, the insulin delivery device 602 (e.g., an insulin pump) can be configured to
request from the user information relating to the new insulin information code and present it
to the system’s reader (such as an optical reader) (not shown in FIG. 6). The system’s reader
can be configured to read and appropriately receive the information about the new insulin and

enable it to be used.

[0073] In some embodiments, a radiofrequency device, such as an RFID device, can
be incorporated into the insulin information interface 608 for reading insulin information
* embedded into an RF code. In this case, when the insulin package is brought in close
proximity to the insulin information interface 608, the required insulin information encoded
in the RF code (e.g., insulin type and/or the insulin concentration, insulin expiration date,
etc.) can be transmitted automatically and without direct physical contact. The insulin data
can then be used to enable insulin dose / delivery profile calculations and/or prevent usage of

expired insulin.

[0074] The insulin package can include one or more authenticity markers to prevent
counterfeiting of insulin. Suitable authenticity markers include, for example, holograms,
complex barcodes and/or encrypted RFIDs. In the event counterfeited insulin has been
detected by the system 600, the controller 604 prevents the insulin delivery device 602 from
delivering the insulin to the patient or even from taking up the insulin for delivery. In some
embodiments, the insulin delivery device 602 can be configured to prevent insulin delivery

without obtaining the required insulin information after insulin refill or replacement.

[0075] In some embodiments, the system 600 can include an insulin quality sensor
610 to measure level of insulin deterioration. The insulin deterioration can be measured, for
example, using a chemical sensor or an immunoassay, such as an isoinsulin immunoassay
manufactured by Merkodia, that can measure the level of active insulin. Such an insulin
quality sensor 610 can be disposed in the insulin cartridge or insulin reservoir of the insulin

delivery device 602 (not shown in Figure 6) and can perform the insulin quality measurement
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after insulin refill or replacement. The insulin quality sensor device also can periodically

verify that the insulin has not deteriorated before or during use.

[0076] Insulin deterioration may also be measured using an optical sensor for insulin
quality sensor 610. An optical sensor that enables insulin quality measurements can measure
the optical scattering or absorption of the insulin in the insulin cartridge or reservoir. For
example, if small insulin clots or small insulin crystals form in the drug container (e.g., a
cartridge), the insulin optical scattering is increased at an early stage of particle formation.
The optical scattering and/or absorption of the insulin material can be measured using an
optical sensor disposed in and/or out of the insulin cartridge or insulin reservoir at the insulin
delivery device 602. The insulin deterioration can be determined after insulin refill or
replacement, or occasionally by the insulin delivery device to verify that the insulin has not
deteriorated before or during its use by the insulin delivery device 602. In the event that
insulin deterioration has been identified, the controller 604 can be configured to initiate an
alert to the user that can be visually displayed and/or audio sound so that the user can replace

the insulin, check what caused that deterioration and/or report to the insulin supplier.

[0077] In circumstances in which the system 600 performs automatic insulin
information retrieval, the insulin information interface 608 may be disposed in a third unit,
such as a PDA, a cellular telephone, a personal computer, a device for diabetes management
such as Personal Diabetes Manager (“PDM?”) or any other processor-based device. Insulin
information, calculated insulin dose or delivery profile and/or any additional relevant
information is transmitted to the insulin delivery device 602 via an electrical conductive wire

or wirelessly.

[0078] In some embodiments, the system 600 can also receive additional information
that can be used to compute a recommended insulin dose for the user; whether a basal insulin
dose or bolus insulin dose and/or delivery profile. The additional information can include
one or more of the current glucose level, the historical glucose profile, meal ingredients or

any other parameters germane to computation of the required insulin dose or rate.

[0079] In some embodiments, the system 600 can further include a glucose sensor or
any other type of sensor 612 to determine the level of glucose or other parameter in the

subject. Such information can be used in conjunction with the above described information
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to determine at least one aspect of insulin administration. One or more of the parameters
described herein, including the skin temperature, the ambient temperature, physical activity
information, local blood perfusion information, etc., can be used in the course of determining

at least one aspect of insulin administration.

[0080] In some embodiments, the user enters the insulin infusion site (i.e., location on
the patient’s body) to the insulin information interface 608 such that the calculation for a
specific infusion site can be used to more accurately estimate the dose adjustment. In some
embodiments, the insulin dose adjustment is time-dependent and relates to the time passed
from the insulin bolus delivery or the time of day. In some embodiments, the insulin dose
adjustment calculation can be fine-tuned to personally fit or to be better calibrated for a

specific user.

[0081] In some embodiments, the infusion rate or dose of other substances which are
delivered by a drug delivery device can be adjusted in the same manner as described in
relation to the delivery of insulin. Such other substances include pain relief medication(s),
hormone(s), and/or other medication(s) that require infusion of an accurate dosage or when

accurate blood concentration of the substances profiles is needed.

[0082] Figure 7 is a block diagram of an exemplary drug delivery device 700 having
an infusion catheter 702 for insertion into tissue, an infusion device 704 for infusion of a drug
into the infusion catheter 702, and at least one sensor 706 for measuring an additional
parameter, such as a skin temperature, an ambient temperature, a physical activity
information, a local blood perfusion information and the like, according to some
embodiments of the present invention. Such additional parameters can be configured to
improve and/or stabilize the drug pharmacokinetics, pharmacodynamics, and/or to reduce
variations of the drug absorption into the blood system. In some embodiments, the
information from sensor 706 can be provided to a controller 708 configured to function in a
manner similar to the functionality of the controller described in relation to Figures 2, 4, 5

and 6.

[0083] In some embodiments, an additional sensor, such as a drug sensor 710, can be
included with the device 700 to retrieve at least one drug parameter, such as, the drug type,

drug concentration, drug expiration date and/or drug authenticity, to improve and/or stabilize
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the drug pharmacokinetics or pharmacodynamics, and/or to reduce variations of the drug

absorption into the blood system and/or prevent the usage of expired and/or counterfeit drug.

_[0084] Although particular embodiments have been disclosed herein in detail, this has
been done by way of example and for purposes of illustration only, and is not intended to be
limiting. In particular, various substitutions, alterations, and modifications may be made
without departing from the spirit and scope of the invention. Other aspects, advantages, and
modifications are considered to be within the scope of the claims. The claims presented
hereafter are merely representative of some of the embodiments of the invention disclosed

herein. Other, presently unclaimed embodiments are also contemplated.

[0085] Any and all patents, patent applications, articles and other published and non-
published documents referred to any where in the subject disclosure are herein incorporated

by reference in their entirety.
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What is claimed is:

1. An apparatus to control administration of a drug to a body of a patient, the

apparatus comprising:

a drug infusion device configured to deliver drug at a predetermined location in the

body of the patient;

at least one sensor disposed in the drug infusion device and configured to measure a
corresponding property related to the patient and selected from the group consisting of
physiological properties, biochemical properties, environmental properties and drug-related

properties;

a controller disposed in the drug infusion device and configured to receive from the at
least one sensor data representative of the measured corresponding property and based on the

received data, determine a drug delivery rate; and

the drug delivery device is configured to deliver the drug to the body of the patient

based on the determined drug delivery rate.

2. The apparatus of according to claim 1, wherein the controller is further
configured to determine, based on the received data, a drug delivery adjustment factor, and
wherein the drug delivery device is further configured to adjust a previous drug delivery rate

based on the determined adjustment factor.

3. The apparatus according to claim 2, wherein the drug delivery device is
further configured to adjust at least one of a timing, a rate of administration, a temporal

delivery profile, and an amount of the drug to be delivered.

4. The apparatus according to claim 1, wherein the at least one sensor includes a
temperature sensor configured to measure skin temperature of the patient at a location

proximate to the predetermined location on the body of the patient; and

wherein the controller is further configured to determine, based on the measured skin

temperature, an adjustment factor.
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5. The apparatus according to claim 4, wherein the controller is further
configured to determine the adjustment factor such that when the measured skin temperature
is different from a pre-defined temperature range , the determined adjustment factor results
in an adjustment of the insulin delivery profile such that the obtained blood insulin
concentration is configured to be close to a projected insulin concentration measured at the

pre-defined temperature range.
6. The apparatus according to claim 1, further comprising:

a drug level sensor configured to measure a level of the drug in the body of the

patient;

wherein the controller is further configured to determine the drug delivery rate based

on the received data and the measured level of the drug in the body of the patient.

7. The apparatus according to claim 1, wherein the at least one sensor includes a
physical activity sensor configured to measure the level of physical activity of the patient;

and,

wherein the controller is configured to determine, based on the measured level of

physical activity, an adjustment factor.

8. The apparatus according to claim 7, wherein the controller is further
configured to determine the adjustment factor such that, when the measured level of physical
activity is greater than a pre-defined physical activity threshold value, the adjustment factor

results in a reduction of the drug delivery rate.

9. The apparatus according to claim 7, wherein the controller is further
configured to determine the adjustment factor such that when the measured level of physical
activity is higher than the pre-defined threshold value, the determined adjustment factor
results in an adjustment of the insulin delivery profile such that the obtained blood insulin
concentration is configured to be close to a projected insulin concentration obtained without

the physical activity.
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10. The apparatus according to claim 1, wherein the at least one sensor is selected
from a group consisting of: a blood perfusion sensor configured to measure a blood perfusion
at a tissue region proximate to the predetermined location on the body of the patient, a drug
quality sensor to measure a quality of the drug, and a blood-parameter level sensor to

measure blood parameter level of the patient.
11. The apparatus according to claim 1, wherein the drug includes insulin; and

the drug delivery device further includes an insulin pump and a catheter disposed

within the drug delivery device and configured to deliver insulin to the body of the patient;

the catheter is configured to be inserted under the skin of the patient at the

predetermined location on the body of the patient.

12. A method for controlling administration of a drug to a body of a patient using

a drug delivery device having at least one sensor, the method comprising the steps of:

using the at least one sensor, measuring a corresponding property related to the patient
and selected from the group consisting of physiological properties, biochemical properties,

environmental properties and drug-related properties;

receiving, from the at least one sensor, data representative of the measured

corresponding property;
based on the received data, determining a drug delivery rate; and

using the determined drug delivery rate, delivering the drug to the body of the patient

ata predetermvined location on the body of the patient.

13.  The method according to claim 12, wherein the determining step further

comprises determining, based on the received data, an adjustment factor; and

wherein the delivering step further comprises adjusting a previous drug delivery rate

based on the determined adjustment factor.
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14.  The method according to claim 13, wherein the adjusting step further
comprises adjusting at least one of a timing, a rate of administration, a temporal delivery

profile, and an amount of the drug to be delivered.

15.  The method according to claim 12, wherein the measuring step further
comprises measuring a skin temperature of the patient at an area proximate to the

predetermined location on the body of the patient; and,

wherein the determining step further comprises determining, based on the measured

skin temperature, an adjustment factor.

16. The method according to claim 15, wherein the determining step further
comprises determining the adjustment factor such that, when the measured skin temperature
is different from a pre-defined temperature range, the determined adjustment factor results in
adjustment of the insulin delivéry profile such that the obtained blood insulin concentration is
configured to be close to a projected insulin concentration at the predefined temperature

range.
17. The method according to claim 12, further comprising:
measuring a level of the drug in the body of the patient;

wherein the determining step' further comprises determining the value relating to the
drug delivery rate based the received data and the measured level of the drug in the body of

the patient.

18.  The method according to claim 12, wherein measuring step further comprises

measuring a level of physical activity of the patient; and,

wherein the determining step further comprises determining, based on the measured

level of physical activity, an adjustment factor.

19.  The method according to claim 18, wherein the determining step further
comprises determining the adjustment factor such that, when the measured level of physical
activity is greater than a pre-defined physical activity threshold value, the adjustment factor

results in a reduction of the drug delivery rate.

29



WO 2009/081262 PCT/IB2008/003547

20. The method according to claim 18, wherein the determining step further
comprises determining the adjustment factor such that when the measured level of physical
activity is higher than the pre-defined threshold value, the determined adjustment factor
results in an adjustment of the insulin delivery profile such that the obtained blood insulin
concentration is configured to be close to a projected insulin concentration obtained without

the physical activity.

21.  The method according to claim 12, wherein the measuring step further

comprises at least one of the following steps:

measuring blood perfusion at a tissue region proximate to the predetermined location

on the body of the patient,
measuring a quality of the drug; and
measuring a blood parameter level of the patient.

22.  The method according to claim 12, wherein the drug includes insulin, and
wherein the delivering step further comprises delivering the drug to the body of the patient
using an insulin pump and a catheter disposed within the drug delivery device and configured

to deliver insulin to the body of the patient;

the catheter is configured to be inserted under the skin of the patient at the

predetermined location on the body of the patient.
23. A systelh for managing administration of a drug, comprising:
a device for administering the drug to a subject;

a sensor for detecting at least one parameter selected from the group consisting of:

physiological, biochemical, environmental, and a parameter related to the drug itself; and

a controller for controlling the device for administering the drug according to the at

least one parameter.

24.  The system according to claim 23, wherein the drug is insulin.
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25.  The system according to claim 24, wherein the device for administering the

drug comprises an insulin pump and a catheter.

26. A drug administration device for administering a drug to a subject,

comprising:

a sensor for detecting at least one parameter selected from the group consisting of:

physiological, biochemical, environmental, and a parameter related to the drug itself; and

a controller for controlling administration of the drug according to the at least one

parameter.

27.  The device according to claim 26, wherein the drug is insulin.

28.  The device according to claim 27, wherein the sensor measures an insulin
characteristic.

29. The device according to claim 28, wherein if the insulin characteristic

indicates that its quality is deteriorated the device is configured to alarm a user of the device.

30.  The device according to claim 27, wherein the sensor is configured to read

information from an insulin packaging.

31.  The device according to claim 30, wherein the sensor is configured to read a

concentration of the insulin.

32. The device according to claim 30, wherein the sensor is configured to read an

expiration date of the insulin.

33.  The device according to claim 32, wherein if the insulin expiration date has

passed, the device is configured to alarm a user of the device.

34.  The device according to claim 30, wherein the sensor is configured to read an
authentication marker of the insulin. 35. A method for managing administration of a drug

to a subject, comprising:

measuring at least one parameter selected from the group consisting of: physiological,

biochemical, environmental, and a parameter related to the drug itself; and
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adjusting at least one aspect of administration of the drug according to the at least one

parameter.

36. The method according to claim 35, wherein the drug is insulin.

32



WO 2009/081262 PCT/IB2008/003547

4
106 S ATIRT 7
. .A;" > 1 _I
g % .
/,/{:AJ. 5 ’ v”’, ’§\
vz - V777
T L
] /
2 /
104
3
102 Figure 1

1/8



WO 2009/081262

Drug delivery device
(202)

User interface
(216)

Controller (204)

Ambient temp
sensor (208)

skin temp sensor
(210)

N

Drug level sensor

12)

206

Figure 2

200

2/8

PCT/IB2008/003547



WO 2009/081262

3/8

PCT/IB2008/003547

Insulin related
information
provided (stage 1)

|

User enters insulin
infusion location
(stage 2)

l

Measure skin
temperature (stage

l

Determine
temperature to be
different (stage 4)

l

Change amount of
infused insulin
(stage 5)

Figure 3




WO 2009/081262 PCT/IB2008/003547

Drug delivery device User interface
(402) (408)
Controller (406)

Physical activity
sensor (404)

L

400

Figure 4

4/8



WO 2009/081262

Drug delivery device
(502)

Controller (506)

User interface
(508)

Blood perfusion
sensor (504)

L

500

Figure 5

5/8

PCT/IB2008/003547



WO 2009/081262 PCT/IB2008/003547

Drug delivery device User interface
(602) (608)
Controller (604)

sensor (606)

Insulin quality

sensor (610) \

Glucose sensor
(612)

600

Figure 6

6/8



WO 2009/081262 PCT/IB2008/003547

Catheter (702)

infusion device (704)

Controller (708)

sensor (706)

Drug sensor (710) \

700

Figure 7

7/8



WO 2009/081262 PCT/IB2008/003547

100

80

60 -

40 -

Insulin Concentration (mU/L)

20

0 30 60 90 120 150 180 210 240
Time from Bolus (min)

Figure 8

8/8




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2008/003547

A. CLASSIFICATION OF SUBJECT MATTER
INV. A61M5/142

ADD. A61M5/172

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

AGIM

Docimentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Gitation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

the whole document

10 July 2003 (2003-07-10)
the whole document

X US 2007/219480 A1 (KAMEN DEAN [US] ET AL) 1-11,
20 September 2007 (2007-09-20) ‘ 23-34
the whole document

X us 2003/060753 Al (STARKWEATHER TIMOTHY J 1-11,
[US] ET AL) 27 March 2003 (2003-03-27) 23-34
the whole document

X US 2005/033148 A1 (HAUETER ULRICH [CH] ET 1-11,
AL) 10 February 2005 (2005-02-10) 23-34

X WO 03/055384 A (BECTON DICKINSON CO [USI) ' 1-11,

23-34

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E* eatlier document but published on or after the international
filing date

"L* document which may throw-dotibis on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior 1o the international filing date but
later than the priority date claimed

“T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of paticular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other stich docu—
merTS' such combination being obvious to a person skilled
in the art.

*&" document member of the same palent family

Date of the actual completion of the international search

25 March 2009

Date of mailing of the intemational search report

03/04/2009

Name and maliling address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL ~ 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Y

.Peteréch, Berﬁhard

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2008/003547

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

WO 2006/084464 A (NOVO NORDISK AS [DKI;
NIELSEN PREBEN [DK1) ’

17 August 2006 (2006-08-17)

the: whole document

1,23-34

Form PCT/ISA/210 (continuation of second sheet) {April 2005)

page 2 of 2




‘International Application No. PCT/IB2008 /003547

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

| -Continuation of Box II.1

“Claims Nos.: - 12-22,35-36

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
therapy: claims 12-22 and 35-36 include administering a drug to a
‘patient, which constitutes a method of treatment of the human body by
therapy, practised on the human body. In the Tight of claim 22 and the
description, the methods are also surgical.




. International appllcatlon No.
INTERNATIONAL SEARCH REPORT - PCT/182008/003547
Box No.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain clalms under Article 17(2)(a) for the following reasons:

- Clalms Nos

12-22,35-36
because they relate to subject matfer not required to be searched by this Authonty, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescrlbed requlrements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).”

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers alisearchable
claims.

2, D As all searchabie claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specificaily claims Nos.:

4. D No required additional search fees were timely paid by the appiicant. Consequently, this international search report is
restricted to the Invention first mentioned in the claims; it is covered by claims Nos..

Remark on Protest DThe additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

DThe additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

" Information on patent family members

International application No

PCT/IB2008/003547
Patent document Publication Patent family Publication
citéd in search report date member(s) date
US 2007219480 Al 20-09-2007  NONE
US 2003060753 Al 27-03-2003 AU 200232357/ Al 24-03-2003
CA 2459398 Al 20-03-2003
WO . 03023708 A2 20-03-2003
US 2005033148 Al 10-02-2005  NONE
WO 03055384 A 10-07-2003 AU 2002357280 Al 15-07-2003
"AU 2008229839 Al 30-10-2008
‘BR 0215201 A 13-10-2004
- CA 2471430 Al 10-07-2003
"CN -~ 1606423 A 13-04-2005
. EP 1460932 Al 29-09-2004
.JP - 2005514088 T 19-05~2005
us 2004015063 Al 22-01-2004
-US 2005096519 Al 05-05-2005
ZA 200404608 A 04-01-2005
WO 2006084464 A 17-08-2006  NONE

Form PCT/ISA/210 {patent family annex) {(April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report

