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MEDICAL SYSTEM

The present invention relates to a medical device for supporting health control, in par-
ticular for providing information for glycemic control, a respective medical system, a
method for providing such information, a respective computer program and a respec-

tive computer program product.

People with diabetes are either deficient in insulin or are unable to make sufficient
insulin to overcome underlying insulin resistance or to normalize the glucose metabo-
lism. In order to achieve a better glycemic control or even to regain almost full glyce-
mic control often basal insulin or insulin glargine treatment is used which is based
upon a set of rules set for periodic blood glucose measurements in order to obtain
information on the progress of the treatment. With regard to this it has to be consid-
ered that the blood glucose levels fluctuate throughout the day. A "perfect glucose
level" would mean that glucose levels are always in a range of 70 to 130 mg/dl or 3.9
to 7.2 mmol/l and undistinguishable from a person without diabetes.

In order to achieve this or to get as close as possible to such a "perfect glycemic con-
trol", blood glucose values are monitored once or several times during the day, as
relying on their own perception of symptoms of hyperglycemia or hypoglycemia is
usually unsatisfactory as mild to moderate hyperglycemia causes no obvious symp-
toms in nearly all patients. If the blood glucose value is too high, e.g. over 130 mg/dl,
insulin or insulin analogues can be administered.

For the insulin therapy long-acting basal insulin or insulin glargine, which are long-
acting basal insulin analogues, are used. These insulin or insulin analogues are usu-
ally given once daily to help control the blood sugar level of patients with diabetes.
The advantage of long-acting basal insulin or insulin glargine is that they have a dura-
tion of action of more than 24 hours or even more with a less peaked profile than
NPH insulins. Thus, the profile more closely resembles the basal insulin secretion of

the normal pancreatic 3-cells.

For good or perfect glycemic control the dose of basal insulin or insulin glargine has

to be adjusted for each individual in accordance with a blood glucose level to be
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achieved. Usually, the dose of insulin or insulin glargine is increased from an initial

dose to a final dose over a certain time period until the specific blood glucose value,
typically the fasting blood glucose (FBG) value has reached the target range. In prac-
tice, such titration can be done by the health care professionals (HCPs). However,
the patient may be empowered and trained by the HCPs to do their own titration.
Such a self-titration can be supported by an intervention from a third party support or

service or some intermediate combination.

In every day use, basal insulin or insulin glargine is typically under-dosed. Thus, there
remains a gap between the initial dosing and an optimal dosing for achieving perfect
or almost perfect glycemic control. This has a number of negative effects which better
titration could help to eliminate. For example, if patients are not titrated, their blood
sugar does not come down and as a result they do not feel better in the short term.
Moreover, in the long term their HbA1c remains high and their health suffers. Thus,
the patients may feel that their treatment is not working, and they may lose interest in
the therapy or discontinue treatment.

Due to the almost peakless profile, basal insulin and insulin glargine are simple to
titrate. Meanwhile, there is an array of approaches that physicians use for titration.
Generally, these approaches suggest a specific dose adjustment within a specific
time period until the target FBG is achieved. Each of these algorithms comes with
specific rules, e.g. that the dose should not be increased if the blood glucose value
(BG value) was below 70 mg/dl (low blood sugar) in the last week. Furthermore,

HCPs may set a FBG different from the initial target to suit the patient.

Document EP 1 281 351 A2 describes a diabetes management system which ena-
bles glycemic control for a subject. The described system includes an insulin delivery
unit, a glucose sensor and a control unit. The control unit includes a processor unit
that receives glucose value readings from the glucose sensor, executes an algorithm
that predicts a glucose value at a predetermined time in the future, compares the
predicted glucose value with the predetermined glucose value range, and determines
a corrective amount of insulin to be administered when the predicted glucose value
lies outside of the predetermined glucose value range. The glucose unit also includes

a communication unit that transmits the corrective amount to the delivery unit.
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In the document WO 2010/089304 A1 a medical device for providing information for

glycemic control is described. The device comprises storage means arranged to store
data, receiving means arranged to receive blood glucose value data and security da-
ta, data processing means arranged to execute a first processing function for modify-
ing data retrieved from the storage means and to execute a second processing func-
tion for providing information for glycemic control based on the blood glucose value
data and data retrieved from the storage means, validating means arranged to vali-
date the received security data and to provide validation data corresponding to the
validation of the received security data, and safety means arranged to control an ex-
ecution of at least a predetermined function out of the first and second processing
functions based on the validation data. The first processing function is a processing
function for adjusting the profile parameters for a selected dose adjustment profile.
The second processing function is a processing function for stepwise adapting a dose
of insulin based at least on the selected dose adjustment profile and thereby deter-

mining the value for the dose of insulin to be set.

Considering the above medical devices, in particular the above mentioned processing
functions, the problem arises that it is necessary to provide a safe access to a dose
helper functionality which determines and recommends an insulin dose value or a
dose value of another medicament to be administered by the patient in order to re-
duce the possibility of harm which might be caused by a wrong dose suggestion to
the patient.

The above problem is solved by a medical device with the features of claim 1.

In particular, the device comprises:

first storage means arranged to store an initial data matrix with at least one initial pa-
rameter set containing at least two initial data entries for one parameter of a dose

helper functionality;

receiving means arranged to receive initialization data and/or security data, prefera-

bly from a second storage means, for example provided by a hardware key;
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selecting means operable to select based at least in part on the initialization data one

data entry for each initial parameter set as initial data or one initial parameter tem-
plate containing a reference to one data entry for each initial parameter set as initial
data;

and first activation means arranged to activate, preferably based at least in part on
the security data, execution of the dose helper functionality based on the selected
initial data.

The above solution provides a safe access to the dose helper functionality. The safe
access in particular comprises that the dose guidance function of the dose helper
functionality needs to be initiated and activated before use. If the dose guidance func-
tion is not activated, the dose helper part of the device will not function, although oth-

er unprotected functions will work, for example the blood glucose measurement.

The present invention successfully realizes an easy method for activation of the dose
helper functionality in combination with the patient-specific selection of initial data for
the algorithm behind the dose helper functionality. Therein, for a parameter of the
dose helper functionality that needs initial data the data matrix stores a parameter set
containing at least two initial data entries.

The dose helper functionality according to the present invention refers to a titration
method which determines and/or recommends a medicament dose value or its cor-
rective amount, preferably an insulin dose value, to be administered by the patient,
based on a measured physiological parameter, preferably based on measured blood
glucose values, more preferably based on measured FBG values, and/or information
about hypoglycemic and/or hyperglycemic events and/or other data which starts at a
starting dose and guides the patient step by step to a final dose of basal long-acting
insulin that keeps the patient in a pre-defined target glucose level. Preferably, the
dose helper functionality is realized as a computer program unit fully separate, for
example, from a unit that determines a blood glucose value. The dose helper func-
tionality may be terminated by the user and/or the HCP and/or the program itself, for
example if the program detects missing compliance of the patient. After termination
the dose helper functionality may be reinitialized and reactivated again by the de-

scribed initialization and activation procedure.
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For activation of the dose helper functionality initialization data are transmitted to the
medical device containing information about which initial data shall be used in the
titration method. In particular, not the whole initial data for each parameter itself are
transmitted but initializing information that — in a manner of speaking - point to the
corresponding initial parameter template or the corresponding data entry of each ini-
tial parameter set. For example, the initial parameter sets may be arranged in one or
more lists, where each list entry is numbered. Then, only the number of the list entry
may be transmitted to address and select a desired data entry. Each data entry of an
initial parameter set may suit to another patient group or titration algorithm. In a pre-
ferred embodiment the initial data matrix containing all initial data is permanently
stored within the medical device and cannot be manipulated. This inventive device
and respective method ensures in an easy and cost effective way that the titration
method works after activation with correct, well adjusted initial data for each parame-
ter. If, for example, the titration process and the body's reaction is better understood,
a change of initial data for certain patient groups can be realized in an easy way
without change of the medical device. Only the transmitted initialization data of, for

example, a hardware key, may be changed.

The term ,medicament”, as used herein, means a pharmaceutical formulation con-

taining at least one pharmaceutically active compound,

wherein in one embodiment the pharmaceutically active compound has a molecular
weight up to 1500 Da and/or is a peptide, a protein, a polysaccharide, a vaccine, a
DNA, a RNA, an enzyme, an antibody or a fragment thereof, a hormone or an oligo-

nucleotide, or a mixture of the above-mentioned pharmaceutically active compound,

wherein in a further embodiment the pharmaceutically active compound is useful for
the treatment and/or prophylaxis of diabetes mellitus or complications associated with
diabetes mellitus such as diabetic retinopathy, thromboembolism disorders such as
deep vein or pulmonary thromboembolism, acute coronary syndrome (ACS), angina,
myocardial infarction, cancer, macular degeneration, inflammation, hay fever, athero-

sclerosis and/or rheumatoid arthritis,
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wherein in a further embodiment the pharmaceutically active compound comprises at

least one peptide for the treatment and/or prophylaxis of diabetes mellitus or compli-

cations associated with diabetes mellitus such as diabetic retinopathy,

wherein in a further embodiment the pharmaceutically active compound comprises at
least one human insulin or a human insulin analogue or derivative, glucagon-like pep-
tide (GLP-1) or an analogue or derivative thereof, or exendin-3 or exendin-4 or an

analogue or derivative of exendin-3 or exendin-4.

Insulin analogues are for example Gly(A21), Arg(B31), Arg(B32) human insulin;
Lys(B3), Glu(B29) human insulin; Lys(B28), Pro(B29) human insulin; Asp(B28) hu-
man insulin; human insulin, wherein proline in position B28 is replaced by Asp, Lys,
Leu, Val or Ala and wherein in position B29 Lys may be replaced by Pro; Ala(B26)
human insulin; Des(B28-B30) human insulin; Des(B27) human insulin and Des(B30)

human insulin.

Insulin derivates are for example B29-N-myristoyl-des(B30) human insulin; B29-N-
palmitoyl-des(B30) human insulin; B29-N-myristoyl human insulin; B29-N-palmitoyl
human insulin; B28-N-myristoyl LysB28ProB29 human insulin; B28-N-palmitoyl-
LysB28ProB29 human insulin; B30-N-myristoyl-ThrB29LysB30 human insulin; B30-N-
palmitoyl- ThrB29LysB30 human insulin; B29-N-(N-palmitoyl-Y-glutamyl)-des(B30)
human insulin; B29-N-(N-lithocholyl-Y-glutamyl)-des(B30) human insulin; B29-N-(w-
carboxyheptadecanoyl)-des(B30) human insulin and B29-N-(w-carboxyhepta-

decanoyl) human insulin.

Exendin-4 for example means Exendin-4(1-39), a peptide of the sequence H-His-Gly-
Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-GIn-Met-Glu-Glu-Glu-Ala-Val-Arg-Leu-
Phe-lle-Glu-Trp-Leu-Lys-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-NH2.

Exendin-4 derivatives are for example selected from the following list of compounds:

H-(Lys)4-des Pro36, des Pro37 Exendin-4(1-39)-NH2,
H-(Lys)5-des Pro36, des Pro37 Exendin-4(1-39)-NH2,
des Pro36 Exendin-4(1-39),

des Pro36 [Asp28] Exendin-4(1-39),
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des Pro36 [IsoAsp28] Exendin-4(1-39),

des Pro36 [Met(O)14, Asp28] Exendin-4(1-39),

des Pro36 [Met(O)14, IsoAsp28] Exendin-4(1-39),

des Pro36 [Trp(02)25, Asp28] Exendin-4(1-39),

des Pro36 [Trp(02)25, IsoAsp28] Exendin-4(1-39),

des Pro36 [Met(0O)14 Trp(02)25, Asp28] Exendin-4(1-39),

des Pro36 [Met(O)14 Trp(02)25, IsoAsp28] Exendin-4(1-39); or

des Pro36 [Asp28] Exendin-4(1-39),

des Pro36 [IsoAsp28] Exendin-4(1-39),

des Pro36 [Met(O)14, Asp28] Exendin-4(1-39),

des Pro36 [Met(O)14, IsoAsp28] Exendin-4(1-39),

des Pro36 [Trp(02)25, Asp28] Exendin-4(1-39),

des Pro36 [Trp(02)25, IsoAsp28] Exendin-4(1-39),

des Pro36 [Met(O)14 Trp(02)25, Asp28] Exendin-4(1-39),
des Pro36 [Met(O)14 Trp(02)25, IsoAsp28] Exendin-4(1-39),
wherein the group -Lys6-NH2 may be bound to the C-terminus of the Exendin-4 de-

rivative;

or an Exendin-4 derivative of the sequence

des Pro36 Exendin-4(1-39)-Lys6-NH2 (AVE0010),

H-(Lys)6-des Pro36 [Asp28] Exendin-4(1-39)-Lys6-NH2,

des Asp28 Pro36, Pro37, Pro38Exendin-4(1-39)-NH2,

H-(Lys)6-des Pro36, Pro38 [Asp28] Exendin-4(1-39)-NH2,

H-Asn-(Glu)5des Pro36, Pro37, Pro38 [Asp28] Exendin-4(1-39)-NH2,

des Pro36, Pro37, Pro38 [Asp28] Exendin-4(1-39)-(Lys)6-NH2,

H-(Lys)6-des Pro36, Pro37, Pro38 [Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)6-des Pro36 [Trp(02)25, Asp28] Exendin-4(1-39)-Lys6-NH2,

H-des Asp28 Pro36, Pro37, Pro38 [Trp(02)25] Exendin-4(1-39)-NH2,

H-(Lys)6-des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-NH2,
des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)6-des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-(Lys)6-
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NH2,

H-(Lys)6-des Pro36 [Met(O)14, Asp28] Exendin-4(1-39)-Lys6-NH2,

des Met(O)14 Asp28 Pro36, Pro37, Pro38 Exendin-4(1-39)-NH2,
H-(Lys)6-desPro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-NH2,
des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)6-des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-Asn-(Glu)5 des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-(Lys)6-
NH2,

H-Lys6-des Pro36 [Met(O)14, Trp(02)25, Asp28] Exendin-4(1-39)-Lys6-NH2,

H-des Asp28 Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25] Exendin-4(1-39)-NH2,
H-(Lys)6-des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25, Asp28] Exendin-4(1-
39)-NH2,

des Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)6-des Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25, Asp28] Exendin-4(S1-39)-
(Lys)6-NH2,

H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25, Asp28] Exendin-4(1-
39)-(Lys)6-NH2;

or a pharmaceutically acceptable salt or solvate of any one of the afore-mentioned
Exendin-4 derivative.

Hormones are for example hypophysis hormones or hypothalamus hormones or
regulatory active peptides and their antagonists as listed in Rote Liste, ed. 2008,
Chapter 50, such as Gonadotropine (Follitropin, Lutropin, Choriongonadotropin, Men-
otropin), Somatropine (Somatropin), Desmopressin, Terlipressin, Gonadorelin, Trip-

torelin, Leuprorelin, Buserelin, Nafarelin, Goserelin.

A polysaccharide is for example a glucosaminoglycane, a hyaluronic acid, a heparin,
a low molecular weight heparin or an ultra low molecular weight heparin or a deriva-
tive thereof, or a sulphated, e.g. a poly-sulphated form of the above-mentioned poly-
saccharides, and/or a pharmaceutically acceptable salt thereof. An example of a
pharmaceutically acceptable salt of a poly-sulphated low molecular weight heparin is

enoxaparin sodium.
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Antibodies are globular plasma proteins (~150 kDa) that are also known as immuno-
globulins which share a basic structure. As they have sugar chains added to amino
acid residues, they are glycoproteins. The basic functional unit of each antibody is an
immunoglobulin (Ig) monomer (containing only one Ig unit); secreted antibodies can
also be dimeric with two Ig units as with IgA, tetrameric with four Ig units like teleost

fish IgM, or pentameric with five Ig units, like mammalian IgM.

The Ig monomer is a "Y"-shaped molecule that consists of four polypeptide chains;
two identical heavy chains and two identical light chains connected by disulfide bonds
between cysteine residues. Each heavy chain is about 440 amino acids long; each
light chain is about 220 amino acids long. Heavy and light chains each contain intra-
chain disulfide bonds which stabilize their folding. Each chain is composed of struc-
tural domains called Ilg domains. These domains contain about 70-110 amino acids
and are classified into different categories (for example, variable or V, and constant
or C) according to their size and function. They have a characteristic immunoglobulin
fold in which two B sheets create a “sandwich” shape, held together by interactions
between conserved cysteines and other charged amino acids.

There are five types of mammalian Ig heavy chain denoted by a, d, €, y, and p. The
type of heavy chain present defines the isotype of antibody; these chains are found in
IgA, IgD, IgE, IgG, and IgM antibodies, respectively.

Distinct heavy chains differ in size and composition; a and y contain approximately
450 amino acids and ® approximately 500 amino acids, while p and € have approxi-
mately 550 amino acids. Each heavy chain has two regions, the constant region (Cn)
and the variable region (Vu). In one species, the constant region is essentially identi-
cal in all antibodies of the same isotype, but differs in antibodies of different isotypes.
Heavy chains y, a and & have a constant region composed of three tandem Ig do-
mains, and a hinge region for added flexibility; heavy chains p and € have a constant
region composed of four immunoglobulin domains. The variable region of the heavy
chain differs in antibodies produced by different B cells, but is the same for all anti-
bodies produced by a single B cell or B cell clone. The variable region of each heavy
chain is approximately 110 amino acids long and is composed of a single Ig domain.
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In mammals, there are two types of immunoglobulin light chain denoted by A and k. A

light chain has two successive domains: one constant domain (CL) and one variable
domain (VL). The approximate length of a light chain is 211 to 217 amino acids. Each
antibody contains two light chains that are always identical; only one type of light

chain, K or A, is present per antibody in mammals.

Although the general structure of all antibodies is very similar, the unique property of
a given antibody is determined by the variable (V) regions, as detailed above. More
specifically, variable loops, three each the light (VL) and three on the heavy (VH)
chain, are responsible for binding to the antigen, i.e. for its antigen specificity. These
loops are referred to as the Complementarity Determining Regions (CDRs). Because
CDRs from both VH and VL domains contribute to the antigen-binding site, it is the
combination of the heavy and the light chains, and not either alone, that determines

the final antigen specificity.

An “antibody fragment” contains at least one antigen binding fragment as defined
above, and exhibits essentially the same function and specificity as the complete an-
tibody of which the fragment is derived from. Limited proteolytic digestion with papain
cleaves the Ig prototype into three fragments. Two identical amino terminal frag-
ments, each containing one entire L chain and about half an H chain, are the antigen
binding fragments (Fab). The third fragment, similar in size but containing the carbox-
yl terminal half of both heavy chains with their interchain disulfide bond, is the crystal-
izable fragment (Fc). The Fc contains carbohydrates, complement-binding, and FcR-
binding sites. Limited pepsin digestion yields a single F(ab')2 fragment containing
both Fab pieces and the hinge region, including the H-H interchain disulfide bond.
F(ab')2 is divalent for antigen binding. The disulfide bond of F(ab')2 may be cleaved
in order to obtain Fab'. Moreover, the variable regions of the heavy and light chains

can be fused together to form a single chain variable fragment (scFv).

Pharmaceutically acceptable salts are for example acid addition salts and basic salts.
Acid addition salts are e.g. HCI or HBr salts. Basic salts are e.g. salts having a cation
selected from alkali or alkaline, e.g. Na+, or K+, or Ca2+, or an ammonium ion
N+(R1)(R2)(R3)(R4), wherein R1 to R4 independently of each other mean: hydrogen,
an optionally substituted C1-C6-alkyl group, an optionally substituted C2-C6-alkenyl
group, an optionally substituted C6-C10-aryl group, or an optionally substituted C6-
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C10-heteroaryl group. Further examples of pharmaceutically acceptable salts are de-

scribed in "Remington's Pharmaceutical Sciences" 17. ed. Alfonso R. Gennaro (Ed.),
Mark Publishing Company, Easton, Pa., U.S.A., 1985 and in Encyclopedia of Phar-
maceutical Technology.

Pharmaceutically acceptable solvates are for example hydrates.

The initialization and activation shall be provided by an authorized HPC, preferably
using a physical hardware key or a remote computer containing the initialization data
and/or security data in the second storage means. This hardware key may be sepa-
rate from the device and may be connected physically to the device via a connector,
e.g. an electrical connector like USB (universal serial bus). Transferring initialization
data and/or security data wirelessly may also be an option, for example using near

field communication or Bluetooth™.

In another embodiment, the hardware key may be realized as a memory card, for ex-
ample in the format of a SIM-card, a mini-SIM, a nano-SIM or an embedded SIM.
Such a card may be removed from a card body or card holder prior use.

Preferably, the hardware key is a passive device without its own energy supply, such
as a battery. The hardware key is a not-programmable device so that there is no bi-
directional communication with the device. The hardware key may comprise a read
only memory (ROM) containing the preferably encrypted initialization and/or security
data. The hardware key is only used to select respective initial data out of the initial
data matrix, stored in first storage means of the medical device. Therefore the initiali-
zation data preferably contains the information about the location of the data entry (or
the locations of the data entries) in the initial data matrix for each parameter set,
wherein each parameter set refers to a different parameter of the algorithm. The ini-
tialization data may also contain an index or identification means, e.g. a number, of
the template for the initial data matrix comprising a reference to one respective initial
data entry for each initial parameter set. The hardware key may be plugged into re-
spective electrical receptacle of the medical device.

Preferably, the HCP is provided with at least two, more preferred with at least three,

different hardware keys, wherein each key comprises specific initialization data
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and/or specific security data for a different patient group. Each hardware key may be

reusable. In another embodiment, the hardware key may be provided for single use.

In another embodiment, the initialization data and/or security data may be provided
by a remote computer connected to the medical device by wire or wireless. Alterna-
tively, the initialization and/or security data may be provided by the user, e.g. an
HCP, through a computer system. The initialization and/or security data may be en-
tered on a computing device via a user interface using keys, a keypad, a touchpad or
a microphone (for voice control). Alternatively, the user may receive the initialization
data and/or security data via an internet page provided e.g. by the manufacturer of
the medical device or its selling partner. The user may then select a certain parame-
ter template through the user interface of the computing device.

In a preferred embodiment, the medical device comprises second activation means
arranged to activate and/or control execution of initialization of the dose helper func-
tionality based at least in part on the initialization data and/or the security data. For
example, insertion of the hardware key into the connector of the device may be de-
tected automatically. Then, data messages are exchanged between the medical de-
vice and the hardware key that identify the connected device as an activation key.
After identification, the initialization and/or security data may be read out of the hard-
ware key, that means for example the index information or information on the location

of the initial data and/or security data.

In an alternative example without a hardware key, a remote computer may provide a
security code which has to be entered into the device using a user interface. The se-
curity code may be provided by the remote computer only in the case where a correct
question code provided by the device in advance was entered into the computer, for
example into a query field of a (local) software application or of an internet applica-
tion, or to a phone helpline.

The medical device further provides data processing means which are arranged to
execute a first processing function for modifying at least one of the selected initial
data entries. In particular, this is the case if one or more of the initial data entries are
provided as default initial data, for example the starting dose of the dose helper func-

tionality. During the initialization procedure the HCP or other user is asked whether
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he/she likes to change this default value, e.g. the default initial dose value. The user

may confirm the default value or change it using a user interface.

In a further embodiment the device provides safety means arranged to control an ex-
ecution of the first processing function based at least in part on the security data. The
security data, for example a password, may be provided by the hardware key or the
remote computer. For example, the initialization procedure asks for a password be-
fore the user is able to change default initial values.

The initialization and/or activation of the dose helper functionality may be accessed

via a respective settings operation mode (menu) of the device.

The medical device further comprises blood glucose measurement means arranged
for determining a blood glucose value and to provide blood glucose value data corre-
sponding to the measured blood glucose value. Alternatively to a blood glucose
measurement means, the receiving means may be arranged to receive the blood glu-

cose value from the blood glucose measuring means.

In order to run the dose helper functionality the blood glucose measurement means
may in particular contain the functionality to tag a glucose measurement result as a
fasting blood glucose value (FBG value), i.e. a blood glucose value under fasting
condition. The device may propose tagging a glucose measurement result as a fast-
ing blood glucose value, when the measurement is made at a certain time of the day,
for example in the morning hours between 6:00 and 9:00 o'clock. The user then may
confirm that the measurement is a fasting blood glucose value, e.g. by pressing a key
on the user interface. The user may adjust the time window during which a fasting
glucose measurement tag is suggested during initialization or later, e.g. to a time

window between 5:30 and 8:00 o’clock.

The device may also assign other tags to certain glucose measurements. For exam-
ple, the device may assign a “before lunch” or “after lunch” tag, or a “before dinner” or
“after dinner” tag to a certain glucose measurement. Again, the device may suggest a
certain tag based on the time of the day, e.g. during a given time window.
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The device may therefore keep track of the time, e.g. by implementing an electronic

timer, or a first clock and calendar function. To enable tagging of a glucose meas-
urement as a fasting glucose measurement, the device may have to determine,
whether the last blood glucose measurement that was related to a meal, such as the
“after dinner” glucose measurement, dates back at least, for example, eight hours. In
order to determine this time difference correctly without influence of time change be-
cause of travelling, the device may have to account for time shifts that may occur for
example when travelling to a different time zone. For this purpose, the device may
comprise a separate second clock which is separate from the clock showing the ac-
tual time to the user. In order to determine a time difference reliably, the second clock
may not be adjustable by the user. The second clock may derive its energy from a
separate battery (for example a coin cell) which is separate from the battery or other
energy source of the device and in particular separate from the energy source of the
first clock.

In a further embodiment the second activation means are arranged to activate and/or
control execution of initialization of a dose helper function further dependent on an
expiration date or validity data provided by the hardware key. Therefore each hard-
ware key comprises an expiration date or validity data in its second storage means
like ROM. This expiration date, for example referring to a date which is two or three
years after the production date, or the validity data referring to a time period is read
and compared to the actual date of the device. In case that the expiration date is ex-
ceeded or the validity data not met, the initialization and/or activation of the dose
helper function may be prevented. In this case it is assumed that the initialization
and/or security data of the hardware key are too old, outdated or a high probability
exists that these data are tampered. In the medical device, means are provided to
prevent the user from manipulating the system date in order to override the expiration
date or validity data. The expiration date or the validity data may be written to the se-
cond storage means during production as the initialization data and/or the security
data. Additionally, the expiration date may be printed or written on the outer surface
of the hardware key so that the user, e.g. the HCP easily recognizes whether the key
is outdated.
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In another embodiment each hardware key retains a serial number in its storage

means for traceability reasons. Preferably the serial number is also read out by the

medical device during initialization of the dose helper functionality.

The receiving means of the medical device further comprises a user interface, a USB
interface, a mini-USB interface, an IEEE 1394 interface, an ISO/IEC 7810:2003 inter-
face, an ETSI TS 102 221 interface, an interface according to JEDEC Design Guide
4.8, SON-8 and/or a wireless interface adapted to receive the initialization data
and/or the security data. The initialization data contains at least the information about
which initial data entry is to be selected by the selecting means of the device from the
initial data matrix for each parameter set, namely separate for each parameter set, or
as a reference to a template containing the information for more than one or all pa-
rameter sets. Alternatively or additionally, via one of the above-mentioned interfaces
a universal code for multi-use as well as a single-use code may be transmitted as
security data. Those codes may be handed out or directly typed in on the user inter-
face by the authorized HCP. It is also possible that the initialization means generate a
code/question during activation from which a remote computer calculates a response
which then has to be entered via the user interface as confirmation. The remote com-
puter could be contacted e.g. via telephone or internet. Also smartphones solutions
(for example an app with internet access) may be possible. Another possibility would
be to use a time-based system like secure ID.

Further, the ownership of the software may be used as authorization. The software
may create a response as code as described above. Another option would be the di-
rect connection between the device and a computer via cable for activation. Then the
software needs to be secured by the security data.

The above problem is further solved by a medical system with the features of claim 8.

In particular the system comprises a medical device as it is described above and a
hardware key or other device comprising second storage means arranged to store
initialization data and/or security data and transmitting means arranged to transmit
the initialization data and/or the security data stored in the second storage means to
the receiving means of the medical device.



10

15

20

25

30

35

WO 2014/023834 16 PCT/EP2013/066754
In particular by using a separate hardware key it is easy for the HCP to initialize or

activate the dose helper functionality as described above.

As it is explained above, the second storage means, may comprise an expiration date
or validity data in an embodiment of the present invention.

It is preferred if the system comprises a set of at least two hardware keys, preferably
of at least three hardware keys, wherein each hardware key of the set comprises dif-
ferent initialization data and/or also different security data. This set of hardware keys
allows the HCP to better adapt the dose helper functionality of the device to different

patients with different disease patterns.

With the same advantages as the device above, the method with the features of claim

11 solves the problem mentioned above.

In particular the method comprises the steps of:

receiving initialization data and/or security data preferably from a second storage

means, for example provided by a hardware key;

selecting based at least in part on the initialization data one data entry of each initial
parameter set of an initial data matrix as initial data or one initial parameter template
containing a reference to one data entry for each initial parameter set of the initial data

matrix as initial data; and

activating, preferably based at least in part on the security data, execution of the dose

helper functionality based on the selected initial data.

Preferably, the method comprises the further step of activating and/or controlling of ex-
ecution of initialization of the dose helper functionality based at least in part on the ini-

tialization data or the security data.

For the same reasons it is advantageous to run a computer program for providing
information for glycemic control at a processor, wherein the computer program com-

prises:
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code for receiving initialization data and/or security data preferably from a second stor-

age means, for example provided by a hardware key;

preferably code for activating and/or controlling of execution of initialization of the dose
helper functionality based at least in part on the initialization data or the security data;

code for selecting based at least in part on the initialization data one data entry of each
initial parameter set of an initial data matrix as initial data or one initial parameter tem-
plate containing a reference to one data entry for each initial parameter set of the initial

data matrix as initial data; and

code for activating, preferably based at least in part on the security data, execution of
the dose helper functionality based at least in part on the selected initial data.

Further, a computer program product, comprising a computer-readable medium bear-
ing a computer program code embodied therein, for use with a computer, wherein the
computer program code comprises the computer program as described above.

In another embodiment, in particular in the case in which the dose helper functionality
(titration method) is realized as an app within a smartphone, an internet connection, a
GSM connection, a GPS receiver or other means for determining the actual location
and / or the time-zone of the device may be provided. Hence, the device comprises
for example a GSM receiver, a GPS receiver or module, a radio broadcast receiver
capable of interpreting an RDS signal and/or a radio clock receiver like DCF 77 in
order to determine the local time. Further, in case that the method is realized as an
app within a smartphone a built-in GPS module may determine its location using pub-
lic hotspots. The dose helper functionality of the device may provide a warning dis-
play and/or may not calculate a dose suggestion or dose increase in case that these
means for determining the location of the device assess that the location of the de-
vice has changed to a time zone, where the time change is more than a predefined
maximum time change value, for example more than three hours. A patient facing a
time change larger than the predefined maximum time change is assumed to have

difficulties meeting the requirements of dose administration intervals for long-acting
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insulin and fasting time for determining correct FBG values and the patient may be

locked out from the dose helper functionality.

In case that the patient faces the situation that he/she is locked out from using the
dose helper functionality, in particular in an app, for several reasons, for example if
the device may not have been activated and the glucose readings logbook does not
have a sufficient number of glucose readings to carry out an adequate calculation, or
if the patients has travelled over time zones with a time change more than a prede-
fined maximum time change, the patient may become frustrated or afraid because he
or she may not know how to handle this situation. In order to encourage the patient to
be confident, i.e. seek the advice of his/her predefined HCP (the contact information
of the at least one predefined HCP are saved in the memory of the device), the app
may pull the HCP's phone number or another contact information and may offer the
patient to get into contact with HCP by just pressing at least one button that is dis-
played on the same screen. The direct contact may be established by a phone call or
by sending a message, e.g. a text message, or e-mail to the HCP, for example re-
questing the HCP to get in touch with the patient.

The HCP's contact information may be programmed into the app by the time the dose
helper functionality is initialized by the HCP. For example, during initialization proce-
dure the HCP may be asked for his/her telephone number or other contact infor-
mation. Alternatively, the HCP's contact information is required to be entered on the

app's first start-up just after activation.

The above-mentioned advantages as well as other advantages of various aspects of
the present invention will become apparent to those of ordinary skill in the art by
reading the following detailed description with the explanation of the accompanying
drawings. All features described above and below and/or illustrated per se or in any
combination form the subject-matter of the invention, independent of their inclusion in
the claims or their back-reference. Exemplary embodiments of the present invention

are described herein with reference to schematic drawings, in which

Figure 1 is a diagram of the medical device according to a preferred embodiment

of the invention;
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Figure 2 is another diagram of the medical device shown in Figure 1;

Figure 3 is a flow diagram illustrating steps of operation of the medical device ac-
cording to a preferred embodiment of the invention;

Figure 4 is a flow diagram illustrating steps of another operating procedure of the

medical device according to a preferred embodiment of the invention;

Figure 5 is a flow diagram illustrating steps of a further operating procedure of the
medical device according to a preferred embodiment of the invention;

Figure 6 is a diagram illustrating the medical system according to a preferred em-
bodiment of the invention; and

Figure 7 is another diagram showing the medical system depicted in Figure 6.

The following paragraphs will describe various embodiments of the invention. For ex-
emplary purpose only, most of the embodiments are outlined in relation to a medical
device or system providing glycemic control and the respective method. However, the
used terminology and the description of the embodiments with respect to the medical
device and system are not intended to limit the principles and ideas of the invention
to such a single device or system.

Also, the detailed explanations given in the background of the invention section
above are merely intended to better understand the constraints of an insulin treat-
ment or a treatment with other hormones. Furthermore, the titration methods de-
scribed herein can be applied to basal, premixed and mealtime insulin. In the follow-
ing, the term insulin is used for all kinds of insulin, including long-acting insulin, and

insulin glargine unless otherwise stated.

Figure 1 is a schematic diagram of the medical device according to a preferred em-
bodiment of the invention. Preferably, the medical device 100 comprises a blood glu-
cose measurement unit 110, which is arranged to measure the blood glucose level
e.g. of the user of the medical device for example by means of a measurement strip

in a well-known way. In this case the measurement unit 110 comprises an interface



10

15

20

25

30

35

WO 2014/023834 20 PCT/EP2013/066754
and a slot for the test strip with e.g. leads. The blood glucose measurement unit 110

is connected to a receiving unit 120, which is arranged to forward e.g. blood glucose
value data received from blood glucose measurement unit 110 to the storage unit
130. Alternatively, the receiving unit 120 may retrieve stored data such as e.g. blood
glucose value data from the storage unit 130 and forward it to a determining unit 140.
Alternatively, the receiving unit 120 directly forwards the blood glucose value data

received from the blood glucose measurement unit 110 to the determining unit 140.

Receiving unit 120 is further connected to user input unit 150 (user interface). The
user input unit 150 is arranged to receive input from the user of the medical device
100 for example by keys. The user input data are forwarded from the user input unit
150 to the receiving unit 120, which either forwards it to the determining unit 140 or to
the storage unit 130.

Furthermore, the medical device 100 preferably comprises a display unit 160, which
is connected to the receiving unit 120 as well. Preferably, the display unit 160 re-
ceives data to be displayed from the receiving unit 120. Preferably, the medical de-
vice 100 additionally comprises a further interface 170, for example a wired interface
such as a serial port, a USB interface, a mini-USB interface, or a wireless interface
such as an IRDA interface, Bluetooth™ interface, etc., in order to receive data and /
or to transmit data. The interface 170 is preferably connected to the receiving unit
120 in order to receive data from the receiving unit 120 and to forward data to the

receiving unit 120.

As outlined above, the medical device 100 preferably comprises a blood glucose
measurement unit 110. Preferably, the blood glucose measurement unit 110 is ar-
ranged to measure the blood glucose level in the blood of e.g. the user by testing a
drop of blood on the above mentioned test strip. The measured blood glucose value
is then transformed to blood glucose value data and forwarded preferably immediate-
ly or on demand to the receiving unit 120. Alternatively, the blood glucose measure-
ment unit 110 is arranged to measure the blood glucose level of e.g. the user via in-

frared diagnosis or an alternative contactless measurement method.

According to a further alternative the blood glucose measurement unit 110 is implant-

ed in the body of the user of the medical device 100 and forwards the data to the re-
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ceiving unit 120 either via a wired connection or via a wireless connection. Preferably,

such an implanted blood glucose measurement unit 110 is a continuous measure-
ment sensor e.g. based on a bio chip which allows a continuous closed loop control.
In the latter case the blood glucose measurement unit 110 preferably forwards the
blood glucose measurement value data to the receiving unit 120 via interface 170.
According to a further alternative the medical device 100 does not comprise a blood
glucose measurement unit 110 which measures the blood glucose values, but re-

ceives blood glucose value data from an external unit.

The measurement of the blood glucose measurement is preferably triggered by the
receiving unit 120 which sends a respective signal to the blood glucose measurement
unit 110. According to one preferred alternative the receiving unit 120 receives a trig-
ger signal generated based on user input which is received via user input unit 150.
Alternatively, the trigger signal is generated automatically by a timer unit or by deter-

mining unit 140.

Preferably, the receiving unit 120 is represented e.g. by the input ports and output
ports of a microprocessor or a bus system managing the data handling between sev-
eral functional units. This includes bus systems, such as e.g. Advanced Microproces-
sor Bus Architecture bus systems implemented in a microprocessor or external bus
systems connected to a microprocessor. Via the receiving unit 120, data are retrieved
from the storage unit 130 on demand and forwarded to the determining unit 140, to
the display unit 160 or to the interface 170. Moreover, the receiving unit 120 forwards
control signals, such as trigger signals or control signals e.g. to the blood glucose
measurement unit 110, the display unit 160 or the interface 170.

The storage unit 130 (storage means) is arranged to store data entered via the user
input unit 150, data received by the blood glucose measurement unit 110, data pro-
cessed by the determining unit 140 and/or data received via interface 170. Further-
more, storage unit 130 is arranged to provide the stored data to the determining unit
140, to the display unit 160 and/or to the interface 170. The storage unit 130 is pref-
erably implemented as a semiconductor memory. Alternatively, it is implemented as a

hard disk memory or an on-chip memory of the determining unit 140.
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According to the invention the storage unit 130 comprises an initial data matrix with at

least one initial parameter set containing at least two initial data entries for one pa-
rameter of the dose helper functionality. Such parameters may be the initial dose or
the maximum dose, so that in this case the initial data matrix contains two initial pa-
rameter sets, one for the initial dose and one for the maximum dose, each comprising

at least two initial data entries. Further examples of such parameters are given below.

The determining unit 140 is preferably a microprocessor or any other functional unit

capable of processing data.

The user input unit 150 is preferably implemented as one or more push buttons or
alternatively as so called soft keys wherein the function of the respective soft key is
displayed on the display unit 160. Alternatively, the user input unit 150 is a key board
or a touch screen. Alternatively, the user input unit 150 comprises a microphone for

receiving speech input so that data can be entered via speech input.

The display unit 160 preferably comprises an LCD or LED display. Preferably, the
display can display a number of alphanumerical characters so that e.g. the actual
measured blood glucose value can be displayed together with additional instructions
for the user. Alternatively, the display unit 160 comprises a graphic display in order to
display graphs or graphics such as icons. Further the display of the display unit 160

may comprise a touchscreen.

The interface 170 is preferably a wireless interface, such as IRDA, Bluetooth™, GSM,
UMTS, ZigBee, or WI-FI, etc. Alternatively, the interface is a wired interface, such as
a USB port, mini-USB port, serial port, parallel port, network card, etc., for receiving
and transmitting data. In a further alternative the medical device 100 does not com-
prise an interface 170.

According to another alternative medical device 100 comprises in addition to the in-
terface 170 a memory card reader or a memory card reader interface. The memory
card reader is preferably adapted to read information from a memory card, such as a
Flash memory card, or any type of SIM card. For this, the memory card comprises a
memory, wherein preferably a selected algorithm together with corresponding param-
eters and a history of the blood glucose values and doses administered, etc. is

stored. Thus, in the case that the medical device 100 has a defect, the relevant data
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may still be stored on the memory card which can be easily removed from the

memory card reader of the medical device 100 and transferred to a new medical de-
vice 100. Moreover, the memory card 100 may be used in order to provide infor-
mation on the history of the treatment to e.g. an HCP. In an example embodiment,
the memory card is the above described hardware key. Then, the memory card com-
prises preferably only ROM.

In the case that the memory card is a SIM card providing subscriber identification for
a mobile communication network and the interface unit 170 is additionally a mobile
communication interface, the basic functions of the medical device 100 can be un-
locked by the provider of the SIM card via a telecommunication channel. This addi-
tionally offers the possibility that the medical device 100 can communicate with other
telecommunication devices via predefined channels, such as UMTS or GSM. Via the
international mobile subscriber identity, also called IMSI, stored in the SIM card, the
medical device 100 identifies itself within the network and, thus, can be addressed via
the network. In such a case the medical device 100 can be easily checked, remote
controlled, updated, monitored, etc., via interface unit 170, e.g. by addressing the

mobile communication unit with a phone number.

Furthermore, the medical device 100 is able to transmit data via SMS, e-mail or via
mobile internet connection. Moreover, this offers the possibility to locate the medical
device 100 in an emergency case.

Furthermore, the medical device 100 comprises an initialization unit 1920 capable to
communicate with the interface unit 170. The initialization unit 1920 is connected to a
dose setting unit 1930 for proposing a dose to be administered according to the sig-
nals received from the interface unit 170 and the determining unit 140. The dose set-
ting unit may be further connected to a dose delivering unit 1940. Preferably, the ini-
tialization unit 1920, the dose setting unit 1930 and — if applicable — the dose deliver-
ing unit 1940 form a functional and structural unit comprising the dose helper func-
tionality which is separated from the other components shown in Figure 1. The dose
helper functionality may be initialized and activated and deactivated as described
above without influencing the operation of the blood glucose measurement.
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In an embodiment of the present invention, the dose setting unit 1930 and the dose

delivering unit 1940 may form an insulin pen or insulin pump or an inhalator device
which receives signals from a transceiver unit in order to deliver a dose determined
by the dose setting unit 1930. According to a preferred alternative the dose delivering
unit 1940 forwards a signal to the transceiver unit that the dose set has been suc-
cessfully delivered. In an alternative embodiment the device 100 does not contain a
dose delivering unit 1940 and the dose setting unit 1930 may display the determined
insulin dose value at the display of the display unit 160. In this case the patient ad-
ministers the suggested dose or another dose by himself/herself using, for example
with an insulin pen. The patient preferably has the possibility to enter the adminis-

tered dose into the device using e.g. the user interface.

In the case that the blood glucose measurement unit 110 is a continuous sensor
which is e.g. implanted and the dose delivering unit 1940 is an insulin pump an auto-
matic delivery system is provided. In the case that this full automatic delivery system
asks for a user confirmation, for example in case of a proposed dose increase, a semi

closed loop control is provided.

In another embodiment the above mentioned units of the medical device or parts of
these units may be divided and provided within at least two separate devices com-
prising separate housings which are connectable to each other. In a further embodi-
ment one or more of these units or parts of these units may be realized as an app on
a smart phone or a mobile computer, for example a tablet computer or a laptop com-

puter.

Figure 2 shows a further schematic diagram of the medical device 100 according to a
preferred embodiment of the invention. In particular, Figure 2 shows details of the
housing and the display of the medical device 100 according to a preferred embodi-
ment of the invention. The medical device 100 comprises housing 610 wherein in the
upper side of the housing 610 the display unit 160 is placed. Next to the display unit
160, the housing 610 shows a lower section wherein soft keys 620, navigation keys
630 and a back key 635 are placed. The soft keys 620 are placed directly next to the
display, preferably to the lower left and lower right side of the display. Thus, the dis-
play can show the function actually assigned to the soft keys 620. Additionally, a
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dose helper key 637 is provided which is preferably accommodated on the right hand

side of the navigation keys 630.

Preferably, a soft key is a button located alongside the display unit 160. This soft key
performs the function dependent on the text shown near it at the moment on the dis-

play.

The navigation keys 630 are used for scrolling through the menu selections displayed
in the display unit 160, navigating to the next item in a list or increasing or decreasing
the value of an editable field. Preferably, by pressing the upper navigation key 630,
one can scroll up the menu selections or increase a value, and by pressing the lower
navigation key 630, one can scroll to the lower part of the menu selections or de-
crease a displayed value. The back key 635, preferably arranged at the left hand side
of the navigation keys is used for returning the user to the previous screen shown on
display unit 160. This key may also serve as the power button if the device is off. Al-
ternatively, a navigation pad or a touch screen is used for navigation.

By pressing the dose helper key 637, which may be highlighted by a different color
compared to the other keys, the dose helper functionality of the device is started,
preferably only in case that this functionality is initialized and activated by an HCP or
the user.

Preferably, medical device 100 comprises a loudspeaker 640 connected to an acous-
tic module for output acoustic signals such as acoustic alerts or speech. Moreover,
the medical device 100 preferably also comprises a microphone 650 for speech input,

voice recognition or for communicating via a network connection.

As shown in Figure 3, the medical device 100 is preferably capable to perform a
number of operating processes. According to a preferred alternative after switching
on, e.g. by pressing the back key 635, the medical device 100 performs initialization
step 210 for initializing the functional components of the medical device 100. After
this, the different operation modes of which the medical device 100 is capable, are
displayed in the display step 220. Preferably, modes such as "Measure BG", "History"
and/or "Settings" can be selected in step 220. In step 230 the user selects one of the
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displayed operation modes via the user input unit 150. In step 240 the selected oper-

ation mode is executed.

According to an alternative version of the operation process steps 220 and 230 may
be skipped in the case that a specific operation mode is preselected. In that case,
after initialization 210, the preselected operation mode, which is either preselected by
the user or automatically selected in accordance with a specific event, the operating
process proceeds with step 240 and executes the preselected one or more operation

modes.

Depending on the operation mode, the operation process may continue after the exe-
cution of the selected mode with step 220 in order to give the user of the medical de-
vice 100 the option to choose a further operation mode or the operation process
ends. In the latter case the medical device 100 is preferably switched off automatical-

ly.

The dose helper functionality may be started by pressing the dose helper key 637 if
the device is on or off. This functionality is described by means of the diagram as de-
picted in Figure 4. After starting the functionality displays an initial screen in step 410
using display unit 160. After that in the next step 420 the user is asked at least one
question regarding for example hypoglycemia symptoms, low blood sugar measure-
ments (e.g. lower than 70 mg/dl) and/or taken insulin doses. Therein, the total num-
ber of questions depends on the answer to certain questions. After finishing question-
ing, in step 430 the device determines an insulin dose, preferably a dose of long-
acting insulin, using the dose setting unit 1930 and displays the determined dose
suggestion in the display of the display unit 160. Alternatively, in step 430 a message

is displayed that no dose suggestion can be given to the user at this time.

The dose suggestion is determined by the dose setting unit 1930 preferably based on
previous fasting FBG values and/or other measured blood glucose values, previous
administered insulin doses and other lifestyle information like hypoglycemia symp-
toms or low blood sugar values. Additionally, exercise information, nutrition facts and
additional fast-acting insulin doses as well as stress information may be considered.
In particular, it is determined whether a single value of FBG or a mean value FBG is

within a target blood glucose range which was previously defined for the certain user.
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If the single or mean FBG value is above the target range, usually a dose increase is

suggested, if the single or mean FBG value is below the target range, a dose de-

crease may be suggested.

The screen of display unit 160 in step 430 may provide the possibility that the pro-
posed insulin dose is confirmed and saved in case the user immediately administers
the suggested dose. In this case the suggested and administered dose is saved in
storage unit 130. Alternatively, the user may change the suggested dose and save it

after administration.

Additionally, in step 410 it may be checked whether the current time is within a prede-
fined time interval from the last known dose or the last dose is entered with a time
less than the predefined time interval, preferably 18 hours, from the current time. In
this case, the step 420 may be skipped and the display of display unit 160 may show
the message that dose helper is unavailable because it is too close to the last insulin
dose, or the dose helper may ask another question regarding the time of the last
dose. In this embodiment it is assumed that the dose helper functionality is only used

in close temporal proximity of dose administration.

In another embodiment, for dose administration a certain time or time range of day
may be predefined. For example, usual dose time may be 7 p.m. and the usual dose
time range between 4 p.m. and 10 p.m. In this case, another check whether the cur-
rent time is between 4 p.m. and 10 p.m. may be performed during step 410. If the cur-
rent time is outside this range, again, step 420 may be skipped and the display of
display unit 160 may show the message that dose helper is unavailable because it

can only be run at the usual dose time.

As described above the dose helper functionality may be initialized and activated be-
fore use or for reuse after termination, preferably by an HCP, using a hardware key
as it is depicted in Figures 6 and 7. If the dose helper functionality is not active the
device 100 may be used as a regular glucose meter. Therefore interface 170 allows
the HCP to initialize the dose helper functionality of the medical device 100, for ex-
ample via remote control. This will be explained in detail further below.



10

15

20

25

30

35

WO 2014/023834 28 PCT/EP2013/066754
Further, once activated, the dose helper functionality may have an expiry date so that

after passing that date the dose helper function is no longer available to the patient
unless the patient consults the HCP to re-activate the dose helper functionality. Fur-
ther, the patient can de-activate the dose helper functionality in the settings menu if
this function is no longer needed. In addition, the dose helper functionality may be
automatically de-activated if the data collected by the device indicates that using the
dose helper functionality could not work as expected, for example if the blood glucose
level cannot be brought in a target range.

Moreover, if the dose helper functionality is already activated using a first set of initial
data entries for the parameters of the algorithm, the functionality may be modified by
the HCP to use a second set of initial data entries by, for instance, connecting a dif-
ferent hardware key 1810 to the device in order to re-initiate or re-activate the dose
helper functionality using the second set of initial data entries further on. That princi-

ple applies to other activation methods (e.g. wireless) as well.

Figure 6 shows a schematic diagram of the medical device 100 according to a pre-
ferred alternative of the preferred embodiment of the invention. The interface 170 is
e.g. a USB interface capable to receive initialization data via a hardware key 1810,
for example a mini-USB stick or via a USB link. On the hardware key 1810 initializa-
tion data are stored in a ROM. In a preferred alternative, the interface 170 requests
the initialization data continuously from the USB port while the initialization process is
running. As long as the initialization data necessary for the initialization process can
be retrieved via the USB port, the interface 170 can execute the predetermined func-
tions. In the case that the hardware key 1810 is disconnected from the medical de-
vice 100 the interface 170 can no more receive the necessary initialization data for
the initialization process. Accordingly, the display unit 160 outputs a message indicat-
ing that the initialization process was not successful.

Figure 7 is a schematic diagram showing the medical system according to Figure 6.
Preferably, the hardware key 1810 comprises a transceiver unit 1815 which is con-
nected to a storage unit 1817, preferably realized as a ROM. The transceiver unit
1815 is capable to communicate with the interface 170. Preferably, the transceiver
unit 1815 and the interface 170 communicate via a wired data connection or via a

wireless data connection.
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The storage unit 1817 of the hardware key 1810 is arranged to store initialization data
and/or security data, such as e.g. HCP initialization data, preferably in encrypted
form, which are transmitted by the transceiver unit 1815 to the interface 170 and the
initialization unit 1920. Thus, the initialization unit 1920 can configure the dose helper
functionality of the medical device 100. Preferably, the initialization unit 1920 is capa-
ble to execute a predetermined first processing function as long as the hardware key
1810 is in connection with the medical device 100. In the case that the hardware key
1810 is on a remote place, such as an office of the HCP, the HCP using the hardware
key 1810 can configure, modify and/or control the dose helper functionality of the
medical device 100. Such a medical system offers the possibility that critical functions
of the dose helper functionality of the medical device 100 are (re-)configurable via
remote control only by an authorized HCP, while other functions of the medical device
100 can still be used and modified by the user of the medical device 100. Moreover,
such a system may offer the possibility to directly forward alerts produced by a low
FBG check or a hypoglycemic check directly to the HCP as well.

Preferably, the step of controlling the execution of the predetermined function or func-
tions of the dose helper functionality differentiates between different authorization
levels for controlling the respective predetermined functions. For example, for specific
predetermined functions it is only necessary to receive the initialization and — if appli-
cable — the security data once, for example by the HCP, so that the respective specif-
ic predetermined functions of the dose setting unit 1930 can be executed always if
required, whereby other predetermined functions may be executed by the user with-
out certain security data.

In that way it is arranged that e.g. a process for suggesting the dose to be adminis-
tered (dose helper functionality) is initialized and activated by providing the initializa-
tion and — if applicable — security data before first use or after each deactivation of
the dose helper functionality. After this initialization and activation the medical device
100 can be used for determining the respective dose to be administered, without any
further need to receive the initialization data and/or security data again unless the
functionality is not terminated or reaches the end of prescription (e.g. after half a
year). Other functions, such as modifying specific data in the storage unit 130, how-

ever, require receiving the security data, for example a password each time they are



10

15

20

25

30

35

WO 2014/023834 30 PCT/EP2013/066754
executed. Thus, it is ensured that only a specific person, such as a HCP being capa-

ble of providing the initialization data and/or security data and therefore performing

the initialization and activation procedure of this functionality.

Preferably, only one hardware key 1810 is used for initialization and/or activating the
dose helper functionality provided by the dose setting unit 1930. Alternatively, differ-
ent initialization and/or security data are used which correspond to different authori-
zation levels. For example, with a master security data or master key, which is pref-
erably available for the health care professional, all predetermined first sets of func-
tions can be initialized or/and activated. With a further security data or key, which is
for a specific user, only a second set of specific predetermined functions can be ini-
tialized or/and activated.

In another preferred embodiment, for initialization and activation of the dose helper
functionality each HCP is provided with a set of e.g. three hardware keys, each of
which refers to a different profile for different patients. The HCP chooses one of these
keys for the specific patient suitable for his/her specific disease pattern. Each key
contains different initialization data and/or security data in its respective storage unit
1817. In order to differentiate the keys visually, each key may be highlighted with a
different color and may show main initial data printed on its cover.

The initialization process with the one chosen hardware key is now described using

the diagram depicted in Figure 5.

At first a hardware key 1810, e.g. a mini USB stick comprising, e.g. HCP initialization
data, is connected by the HCP to the interface 170 in step 510. Alternatively, any

other kind of memory stick or memory card may be used.

After connection, the initialization data of the hardware key 1810 are transmitted via
transceiver unit 1815 and interface 170 to the initialization unit 1920 and preferably
encrypted. Now, the initialization unit 1920 which is connected to storage unit 130
chooses initial data from the initial data matrix comprising a set of at least two differ-
ent data entries for each parameter based on the initialization data of the hardware
key. Therefore, the initialization data of the hardware key contains the position of the

initial data entry for each initial parameter set in the initial data matrix. For example,
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the initialization data point to the first data entry of the first parameter set for the first

parameter, to the third data entry of the second parameter set for the second parame-

ter, to the second data entry of the third parameter set for the third parameter and so

on. The parameters comprise for example the following:

lower FBG limit (i.e. the lower limit of the FBG target),

titration type (e.g. normal and fast), which defines the maximal dose increase
per x days and therefore the speed of the titration,

default starting dose,

default usual dose time,

dose decrease on low blood glucose and/or hypo symptoms, which defines the
amount of dose decrease in case the patient has recorded a hypo or low blood
glucose,

out of target definitions, which defines when the dose helper shall treat the pa-
tient again as out of target once he was in target,

duration of prescription (i.e. the activation time of the dose helper functionality),
insulin brand name,

low blood glucose limit, (this parameter may define a dose decrease),

very low blood glucose limit, (this is another parameter that may define a dose
decrease, more serious than the low blood glucose limit),

definitions for patient in target, which defines when the dose helper shall treat
the patient as in target, for example a target blood glucose range,

absolute maximum dose (i.e. the upper dose limit which may not be exceeded
by the dose setting unit 1930),

maximum dose, which defines the maximum insulin dose for the patient de-
pending on his/her weight,

deactivation time, e.g. after how many days the dose helper functionality is de-

activated in case of inactivity or insufficient use).

Now the method proceeds to step 520 to display a user agreement screen on the

display unit 160. If the HCP declines the user agreement the initialization process is

terminated and the dose helper functionality is not activated. If the HCP agrees to the

user agreement preferably by pressing the respective soft key 620 the method pro-

ceeds to step 530 in which the clock and/or date of the device may be set or con-

firmed.
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In a preferred embodiment the storage unit 1817 of the of the activation key 1810
contains an expiration date which is for example 2 years after production date of the
activation key. The initialization unit 1920 of the device 100 compares in step 530 the
expiration date with the actual date of the device. If the device date is close to the
expiration date, e.g. within one month to the expiration date, a message may be dis-
played to the HCP that the key will expire shortly. If the expiration date is exceeded
the initialization and activation of the dose helper functionality will be terminated. A
plausibility check be used in reactivations of the dose helper functionality when the
device was already activated at least once in the past. The plausibility check is based
on an independent clock that cannot be changed by the user. At the moment of the
15! activation of the dose helper functionality, the independent clock is automatically
started. Therefore, the clock counts the time from the first activation until the present
time. In the case of reactivation the LTM can compare the date entered by the HCP

with its date of production plus the time elapsed since the 1% activation.

In the next step 540, FBG rules and/or the hypoglycemia rules used within the dose
helper functionality are displayed for the HCP. In an example embodiment, these
rules may now be changed by the HCP. Then, in step 550 the HCP may be required
to write the name of the patient on a label, for example on the back of the device,
and/or enter the patient’'s weight or other personal or anamnesis data of the patient,
preferably by using the navigation keys 630. The entered patient’'s weight may be
used by the initialization unit 1920 to determine a maximum insulin dose value, pref-

erably for long-acting insulin.

The method proceeds to step 560 to display the default starting dose and/or a default
usual daily dose time selected by the initialization unit 1920 from the initial matrix.
The default starting dose and/or a default usual dose time may be changed by the
HCP. In a preferred embodiment a reminder is provided by the device which reminds
the user to administer the daily long-acting insulin dose. The reminder may be acti-

vated or deactivated by the user.

In the following step 570 the HCP is required to activate the dose helper functionality,
for example by pressing a soft key 620, and to remove the hardware key 1810 from

the device 100. Now the dose helper functionality is initialized and activated and the



10

15

20

25

30

35

WO 2014/023834 33 PCT/EP2013/066754
user may apply this function for example by pressing the dose helper key 637. Pref-

erably, by removing the hardware key 1810 the device is turned off.

In another embodiment a remote computer is used for initialization and activation of
the dose helper functionality, wherein the computer comprises the respective soft-
ware and is connected to the medical device by wire or wirelessly. After starting the
software and confirmation of the warning screen, the HCP or another user chooses
an initialization template stored in the computer which best fits the needs of the pa-
tient for titration. Then, the template data are transmitted to the device and the initiali-
zation unit chooses the initial data from the initial data matrix of the storage unit ac-
cording to the template which are at least partly shown on the computer screen. Now,
the HCP or user has the possibility to change one or more default initial data and af-
ter that activates the dose helper functionality using the remote computer.

In a further embodiment the HCP or another user uses an internet application for re-
ceiving security data like a security code after entering a question code received from
the medical device. The security code is entered into the medical device and allows
the user to access the initialization and activation function of the dose helper func-
tionality. Within this function the user may choose one of several templates contain-
ing initial data stored in the initial data matrix according to the needs of the patient.
After passing a change menu providing the possibility to change default initial data
and reviewing at least part of the initial data the user may confirm activation of the

dose helper functionality.

In order to run the dose helper functionality correctly and successfully it is preferred
that the blood glucose measurement values which are FBG values are identified.
Therefore these blood glucose measurement values may be tagged by the user. In
order to make the tagging easier for the patient the tagging may be realized by defin-
ing a certain predefined time interval (e.g. 5 a.m. to 11 a.m.) which is stored in the
storage unit 130 and may be changed by the user in the settings mode. A blood glu-
cose measurement value detected within this time interval receives the pre-tagging
“FBG value”. The user now only needs to confirm this tag, for example by using the
soft keys 620. Now, the measured blood glucose measurement value is stored in the
storage unit 130 as a FBG value along with the date and time of the measurement. If

the user does not confirm this pre-tagging, no tag is stored along with this value.
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Preferably, the user may choose other tags such as “pre meal” or “after meal”, for

example by using the navigation keys 630.

For further explanation and possibilities with regard to the dose helper functionality
and the blood glucose measurement the disclosure of WO 2010/89304 A1 is incorpo-

rated herein by reference.

In cases where the data set is not sufficient or inadequate to calculate an insulin dose
because, for instance, the patient does not take measurements regularly or does not
store the administered insulin doses, the dose helper functionality of the device may
display the message that no recommendation can be provided until an adequate data
set is established. Further, a dose recommendation cannot be given if the patient is in
a situation where a preemptive dose change is required based on other factors (e.g.
illness, change of other diabetes medication, change in lifestyle, exercise, vacation)
and time changes due to travelling of more than a predefined time range, for example

more than three hours.

It shall be emphasized that in a preferred embodiment the patient makes the final de-
cision on a dosing. The result of the dose setting unit 1930 may only be a suggestion
in this case. The patient may confirm this dose or change it. The inventive device is
seen as a support similar to the on-paper treatment algorithms for self-titration that
may provide a direction. Still, the patient is taught to observe other rules for taking
into account other factors like health, activity etc. in order to safely manage the insu-
lin dosing, which may lead to the patient overruling the dose suggestion or calling
their HCP if they are unsure.

In an example embodiment, device 100 is realized as a two-part device, wherein
storage unit 130, the receiving unit 120, the determining unit 140, the user input unit
150, the display unit 160, the interface unit 170, the dose setting unit 1930 and the
initiation unit 1920 are realized as a software program (application or “app”) to run on
the hardware of a smartphone. The storage unit 130 may additional store the HCP's
phone number and offers the user to call the HCP for advice if needed. The call could
be initiated by just one button click, offered by the app, for example by selection a
respective field on the display. The keys 620, 630, 635 and 637 are realized in this

case as button fields on the display of a touchscreen.



2012/114 *' ™ 35

10

15

20

25

30

WO 2014/023834 PCT/EP2013/066754
Claims:
1. A medical device for supporting health control, the device comprising:

first storage means arranged to store an initial data matrix with at least one initial pa-
rameter set containing at least two initial data entries for one parameter of a dose helper
functionality;

receiving means arranged to receive initialization data and/or security data, preferably
from a second storage means, for example provided by a hardware key;

selecting means operable to select based at least in part on the initialization data one
data entry for each initial parameter set as initial data or one initial parameter template
containing a reference to one data entry for each initial parameter set as initial data;

and first activation means arranged to activate, preferably based at least in part on the
security data, execution of the dose helper functionality based on the selected initial
data.

2. The medical device according to claim 1, wherein the device comprises second
activation means arranged to activate and/or control execution of initialization of the
dose helper functionality based at least in part on the initialization data or the security

data.

3. The medical device according to claim 1 or 2, wherein data processing means
are provided arranged to execute a first processing function for modifying at least one of

the selected initial data entries.

4. The medical device according to one of the preceding claims, wherein safety
means are provided arranged to control an execution of the first processing function

based at least in part on the security data.

5. The medical device according to any of the preceding claims, further comprising
blood glucose measurement means arranged for measuring a blood glucose value and
to provide blood glucose value data corresponding to the measured blood glucose val-
ue, wherein the receiving means are further arranged to receive the blood glucose value

data from the blood glucose measurement means.
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6. The medical device according to any of the claims 2 to 5, wherein the second

activation means are arranged to activate and/or control execution of initialization of a
dose helper function further dependent on an expiration date or validity data provided by
the hardware key.

7. The medical device according to any of the preceding claims, wherein the receiv-
ing means further comprises a user interface, a USB interface, a mini-USB interface, an
IEEE 1394 interface, an ISO/IEC 7810:2003 interface, an ETSI TS 102 221 interface,
an interface according to JEDEC Design Guide 4.8, SON-8 and/or a wireless interface

adapted to receive the initialization data and/or the security data.

8. A medical system for supporting health control, the system comprising:

the medical device according to any of the preceding claims;

a hardware key or other device comprising second storage means arranged to store
initialization data and/or security data and transmitting means arranged to transmit the
initialization data and/or the security data stored in the second storage means to the

receiving means of the medical device.

9. The medical system of claim 8, wherein the second storage means further com-
prises an expiration date or validity data.

10. The medical system of one of the claims 7 or 8, wherein the system comprises a
set of at least two hardware keys, preferably of at least three hardware keys, wherein
each hardware key of the set comprises different initialization data and/or security data.

11.  Method for supporting health control, the method comprising the steps of:
receiving initialization data and/or security data preferably from a second storage
means, for example provided by a hardware key;

selecting based at least in part on the initialization data one data entry of each initial
parameter set of an initial data matrix as initial data or one initial parameter template
containing a reference to one data entry for each initial parameter set of the initial data

matrix as initial data; and

activating, preferably based at least in part on the security data, execution of the dose

helper functionality based on the selected initial data.
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12. The method according to claim 10, further comprising the step of activating
and/or controlling of execution of initialization of the dose helper functionality based at
least in part on the initialization data or the security data.

13. The method according to claim 11 or 12, further comprising the step of determin-
ing a proposal for a next dose of insulin based at least in part on the information for gly-

cemic control.

14. A computer program for supporting health control, the computer program com-
prising:

code for receiving initialization data and/or security data preferably from a second stor-
age means, for example provided by a hardware key;

preferably code for activating and/or controlling of execution of initialization of the dose
helper functionality based at least in part on the initialization data or the security data;
code for selecting based at least in part on the initialization data one data entry of each
initial parameter set of an initial data matrix as initial data or one initial parameter tem-
plate containing a reference to one data entry for each initial parameter set of the initial
data matrix as initial data; and

code for activating, preferably based at least in part on the security data, execution of
the dose helper functionality based at least in part on the selected initial data.

15. A computer program product comprising a computer-readable medium bearing
computer program code embodied therein for use with a computer, wherein the com-

puter program code comprises the computer program according to claim 14.

16. A medical device for supporting health control, the device comprising:

dose helper means for providing a dose helper functionality and location means for de-
termining an actual location and / or an actual time-zone of the device, wherein the de-
termination and/or recommendation of a medicament dose value or its corrective
amount by the dose helper means is based on the determined location and/or time-zone

of the device.

17. The medical device according to claim 16, wherein in case the location means
have assessed that the location of the device has changed to a time zone, where the
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time change is more than a predefined maximum time change value, for example more

than three hours, the dose helper means provide a warning display and/or a display in-

forming the patient that no a dose suggestion or dose increase is determined.

18. A medical device for supporting health control, the device comprising:

means for directly contacting at least one predefined HCP via a call or a message, pref-
erably by pressing one button or more buttons of the device, for example preferably by
pressing one button displayed on the screen.

19. A computer program for supporting health control, the computer program com-
prising:

code of a dose helper functionality and code for determining an actual location and / or
an actual time-zone of the device, wherein the determination and/or recommendation of
a medicament dose value or its corrective amount calculated by the dose helper func-

tionality is based on the determined location and/or time-zone of the device.

20. The computer program of claim 19, wherein further code is provided which pro-
duces a warning display and/or a display informing the patient that no a dose sugges-
tion or dose increase is determined in case the dose helper functionality has assessed
that the location of the device has changed to a time zone, where the time change is
more than a predefined maximum time change value, for example more than three

hours.

21. A computer program for supporting health control, the computer program com-
prising:

code for producing a direct contact to at least one predefined HCP via a call or a mes-
sage, preferably by pressing one button or more buttons of the device, for example
preferably by pressing one button displayed on the screen.

22. A computer program product comprising a computer-readable medium bearing
computer program code embodied therein for use with a computer, wherein the com-

puter program code comprises the computer program according to claim 20 or 21.
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