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DEVICE FOR DRUG ADMINISTRATION
AND/OR MONITORING THE STATUS OF A
PATIENT

This invention is in the field of devices for the analysis of a
patient as well as devices for drug administration, especially
for hypertension treatment.

The concept of homeostasis stipulates that there is con-
stancy of the endogenous compounds in blood. This is a most
powerful construct in biology, and has influenced not only the
teaching and understanding of the medical sciences but also
the practice of clinical medicine. According to this concept,
the risk of the occurrence and exacerbation of disease is
independent of the time of day, day of month, and month of
year, as is the response of patients to diagnostic tests and
medications. However, most biological functions and pro-
cesses are anything but constant; findings from the field of
biologic rhythm study (chronobiology) challenge the concept
of homeostasis, as well as many of the assumptions and
procedures of clinical medicine.

Many biological functions wax and wane in cycles that
repeat on a daily, monthly or annual basis. Such patterns do
not reflect simply an organism’s passive response to environ-
mental changes, such as daily cycles of light and darkness.
Rather, they reflect the organism’s biological rhythms, that is,
its ability to keep track of time and to direct changes in
function accordingly.

Especially in the field of hypertension it has been found
that the chronobiological aspect may play an important role
when analyzing hypertension and applying the correct drug
treatment.

Due to neurohormonal changes, the typical circadian varia-
tion in blood pressure for the majority of hypertensive
patients follows a nadir occurring during the nighttime hours
and a surge during the early morning period.

It is therefore an object of the present invention to provide
adevice for the analysis and/or drug administration for hyper-
tension which is adapted to take into account the circadian
rhythm of a patient.

This object is achieved by a device according to claim 1 of
the present invention. Accordingly, a device for drug admin-
istration is provided, comprising
a) a measuring means, which measures at least one first body
parameter of a patient for at least 1 measuring cycle and at
least 1 monitoring cycle,

b) a normalizing means, which generates a normalized curve
for each of the measured body parameters of the patient from
the data obtained in the measuring cycles and adjusts the data
obtained in the at least one monitoring cycle to normalized
data based on the normalized curve to obtain normalized
monitoring data,

¢) a second measuring means which measures at least one
second body parameter in response to the output of the nor-
malizing means of the at least one first body parameter,

d) optionally, a comparison means which compares the sec-
ond body parameter data with pre-stored comparison data,
e) optionally, a drug delivery device which comprises a drug
release means, which starts a drug release program based
upon the comparison between the second body parameter
data and the pre-stored comparison data.

As a result, at least one of the following advantages is
achieved for most of the applications within the present
invention:

Due to the presence of two measuring means, of which the
second measuring means measures data based (?) upon the
data of the first measuring means, the status of the patient can
be controlled more reliably, while harming and/or disturbing
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the patient with measurements whose results are of less use
can be avoided in most applications.

The type of patient can be determined in home situations
and under ambulant conditions.

The daily amount of a drug to be administered outside the
effective window may be lowered, thus limiting side effects
of the drug.

The release of the drug can be personalized/individualized
according to the patient’s needs based on the patient’s own
rhythm.

The term “measuring cycle” means and/or includes espe-
cially that a body parameter of the patient is measured which
is known to behave in a cyclic and/or periodic manner, e.g. the
body temperature. A measuring cycle in the sense of the
present invention may last a day (circadian), however, also
longer (e.g. infradian) and/or shorter cycles (ultradian) are
feasible and also embodiments of the present invention.
According to an embodiment of the present invention, no
drug is dispensed by the device during the measuring cycle.

The term “normalized curve” means and/or includes espe-
cially that the data derived from the measuring cycles is used
to calculate the normalizing curve by means of the equation:

Z=(X-mean(X))/standard deviation* 100%

with X (also written as X,) being the body parameter and
mean(X) being the mathematical average of X, over a defined
period. It should be noticed that usually X may have both
positive and negative values.

However, in case the first body parameter includes activity,
for a wide range of applications within the present invention
the normalizing curve is calculated by:

Taking the average diurnal activity, taking the actual aver-
age (measured at intervals of 10 to 30 minutes) activity and
dividing the actual average activity by the average diurnal
activity.

The data used in this application is presented in % on a
normalized scale; however it goes without saying that this is
merely for the sake of a better understanding and any person
skilled in the art may easily transform the data to any given
scale known in the field.

The term “monitoring cycle” means and/or includes espe-
cially that during this cycle the second measuring means is
started (possibly after a certain delay). A monitoring cycle in
the sense of the present invention may last a day (circadian),
however, also longer (e.g. infradian) and/or shorter cycles
(ultradian) are feasible and also embodiments of the present
invention.

It goes without saying that the data obtained in this moni-
toring cycle may be used for normalization of the curve as
well, so that in an embodiment of the present invention some
of the monitoring cycles are measuring cycles and vice versa.

According to an embodiment of the present invention, the
at least one first body parameter includes body temperature,
core body temperature, skin surface temperature, activity
(body or brain), heart rate, melatonin level, triacylglycerol
level, cortisol level.

According to an embodiment of the present invention, the
at least one second body parameter includes blood pressure.

It should be noted that “blood pressure” means and/or
includes diastolic as well as systolic blood pressure, and
either one or both may be measured.

According to an embodiment of the present invention, the
second measuring means starts measuring when during the at
least 1 monitoring cycle a change in the normalized monitor-
ing data is observed of 240%/hour (on the normalized scale)
over z1 hours.
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According to an embodiment of the present invention, the
second measuring means starts measuring when during the at
least 1 monitoring cycle a change in the normalized monitor-
ing data is observed of =60%/hour (on the normalized scale)
over =1 hours.

It should be noted that a “change” (of one or more moni-
tored parameters of a first measuring means) according to the
present invention includes especially a rise and/or a decline in
the normalized curve. Depending on the actual indication, the
measurement of the second body parameter may start when
only arise is detected or only a decline, or on both occasions.

According to an embodiment of the present invention, in
case that several body parameters are measured by the mea-
suring means of the first body parameter, the measuring
means for the second body parameter may be started when all
body parameters show a change as described above. How-
ever, according to an embodiment of the present invention,
the measuring means for the second body parameter is started
when only one (or more) of the first body parameters, but not
necessary all, show the change as described above.

According to an embodiment of the present invention, the
second measuring means starts measuring when during the at
least 1 monitoring cycle a drop in the normalized monitoring
data is observed of =40%/hour (on the normalized scale) over
=1 hours.

According to an embodiment of the present invention, the
second measuring means starts measuring when during the at
least 1 monitoring cycle a drop in the normalized monitoring
data is observed of =40%/hour (on the normalized scale) over
=1 hours and/or the normalized data falls under (the absolute
value of) 50%.

It should be noted that for a wide range of applications
within the present invention, this embodiment is used when
the first body parameter includes body temperature, core
body temperature, skin surface temperature, activity (body or
brain).

According to an embodiment of the present invention, the
second measuring means starts measuring when during the at
least 1 monitoring cycle a drop in the normalized monitoring
data is observed of =40%/hour (on the normalized scale)
over =1 hours and/or the normalized data falls under (the
absolute value of) 40%.

It should be noted that for a wide range of applications
within the present invention, this embodiment is used when
the first body parameter includes body temperature, core
body temperature, skin surface temperature.

According to an embodiment of the present invention, the
second measuring means starts with a pre-selected delay in
the range of 20.5 and <3 hours when during the at least 1
monitoring cycle the first normalized monitoring data devi-
ates from the maximum point of the first normalized curve by
a threshold value of =5%.

It should be noted that for a wide range of applications
within the present invention, this embodiment is used when
the first body parameter includes body temperature, core
body temperature, skin surface temperature.

According to an embodiment of the present invention, the
second measuring means is stopped within 1 hour when dur-
ing the at least 1 monitoring cycle the normalized monitoring
data deviates from the normalized 0%-point of the normal-
ized curve by a threshold value of <5% and is increasing.

According to an embodiment of the present invention, the
second measuring means is stopped immediately when dur-
ing the at least 1 monitoring cycle the normalized monitoring
data deviates from the normalized 0%-point of the normal-
ized curve by a threshold value of 5% and is increasing.
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Tt should be noted that for a wide range of applications
within the present invention, this embodiment is used when
the first body parameter includes body temperature, core
body temperature, skin surface temperature.

According to an embodiment of the present invention, the
second measuring means is stopped when during the at least
1 monitoring cycle an average increase in the normalized
monitoring data is observed of =25%/hour (on the normalized
scale) over =5 hours.

It should be noted that for a wide range of applications
within the present invention, this embodiment is used when
the first body parameter includes body temperature, core
body temperature, skin surface temperature.

According to an embodiment of the present invention, the
second measuring means is stopped when during the at least
1 monitoring cycle an average increase in the normalized
monitoring data is observed of =40%/hour (on the normalized
scale) over =1 hours and the normalized data rises above (the
absolute value of) 40%.

According to an embodiment of the present invention, the
second measuring means is stopped when during the at least
1 monitoring cycle an average increase in the normalized
monitoring data is observed of =40%/hour (on the normalized
scale) over =1 hours and the normalized data rises above (the
absolute value of) 50%

It should be noted that for a wide range of applications
within the present invention, this embodiment is used when
the first body parameter includes body temperature, core
body temperature, skin surface temperature.

According to an embodiment of the present invention, the
device furthermore comprises a fitting means which gener-
ates a fitting curve of the data of the second body parameter.

According to an embodiment of the present invention, in
case the second body parameter includes blood pressure, the
fitting means fits the second body parameter data to the fol-
lowing fitting curve

[eurve]=Mesor+41*cos(2m* (time- Acrophasel)/Pe-
riod1)+42*cos(2n* (time-Acrophase2)/Period2)

where preferably period2 is a fraction of period1.

According to an embodiment of the present invention, the
device comprises a drug delivery device which is chosen from
transdermal patches, epills, implants, especially drug deliv-
ery and/or drug releasing implants.

It should be noted that according to an embodiment of the
present invention, the measuring and normalizing means are
included in the drug delivery device, whereas according to
another embodiment of the present invention, they are sepa-
rate. In the latter case, according to an embodiment of the
present invention, the data and/or a start signal are transferred
to the drug delivery device in order to start the drug release
program when needed.

The present invention also relates to a method for the
controlled release of drugs and/or monitoring the status of a
patient, comprising the steps of
a) measuring at least one body parameter of the patient for at
least 1 measuring cycle and at least 1 monitoring cycle,

b) generating a normalized curve for each of the measured
body parameter(s) of the patient from the data obtained in the
measuring cycles and adjusting the data obtained in the at
least one monitoring cycle to normalized data based on the
normalized curve to obtain normalized monitoring data,

¢) starting and/or stopping the measurement of at least one
second body parameter in response to the output of the nor-
malizing means of the at least one first body parameter,

d) optionally, generating a fitting curve of the data of the at
least one second body parameter,
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e) optionally, starting a drug release based upon the compari-
son of the data of step ¢) and/or d) with a comparison means.

According to an embodiment of the present invention, the
drug release program includes a delay of =0 and =24 hours
prior to the release of drugs.

According to an embodiment of the present invention, the
drug release program includes a delay of 20 and <7 measuring
cycles prior to the release of drugs.

The invention furthermore relates to the use of a device for
drug administration and/or monitoring the status of a patient
of the invention for the diagnosis and/or treatment of hyper-
tension and/or normotension.

Especially in hypertension it has been shown that chrono-
biological aspects may play an important role. Without being
fixed to a certain theory, the following is believed to play an
aspect in the diagnosis and/or treatment of hypertension and/
or normotension:

Hypertensive and normotensive patients tend to display the
same circadian pattern, exhibiting a peak in blood pressure
during the morning hours and a trough at night during sleep.
There is often a rapid increase in blood pressure beginning at
approximately 6 AM, just prior to awakening. This morning
surge in blood pressure often continues for 4 to 6 hours after
awakening and is characterized by an increase in systolic
blood pressure (SBP) of approximately 3 mm Hg per hour,
and in diastolic blood pressure (DBP) of approximately 2 mm
Hg per hour. After the morning surge in blood pressure, levels
begin to decline. Between about 8 PM and 2 AM, readings fall
15 to 20 mm Hg to reach their lowest point several hours after
midnight. As a result of these fluctuations, daytime blood
pressure typically is 10% to 20% higher than nighttime blood
pressure, with the highest readings recorded during the morn-
ing surge from 6 AM until noon.

It has been shown for a wide range of applications that a
device according to the present invention may take greater
account of these circadian patterns and therefore may be of
use for the diagnosis and/or treatment of hypertension and/or
normotension.

A device according to the present invention may be of use
in a broad variety of systems and/or applications, amongst
them one or more of the following:

medical devices for the administration of drugs

medical devices for treatment of chronic diseases

The aforementioned components, as well as the claimed
components and the components to be used in accordance
with the invention in the described embodiments, are not
subject to any special exceptions with respect to their size,
shape. material selection and technical concept, so that the
selection criteria known in the pertinent field can be applied
without limitations.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional details, features, characteristics and advantages
of the object of the invention are disclosed in the subclaims,
the Figures and the following description of the respective
Figures, tables and examples.

FIG. 1 shows a diagram of measurements of a first body
parameter of a patient,

FIG. 2 shows a diagram of the normalized data of the data
from FIG. 1,

FIG. 3 shows adiagram of a measurement of a second body
parameter of the same patient and fitting curves to that mea-
surement.

The invention will furthermore be better understood by
means of the following examples of some applications in
which a device according to the present invention may be
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used, but which are merely to be understood as exemplarily
and not limiting the scope of the present invention.

FIGS. 1 and 2 refer to the measurement of a first body
parameter of a patient, which in this example is body tem-
perature. The exact data are shown in Table I:

TABLE I
Averaged Normalized
time [h] °C.day 1l °C.day2 temperature data
0 36.60 36.87 36.74 -49.72
1 3630 36.78 36.54 -108.33
2 3630 36.72 36.51 -117.35
3 36.20 36.65 36.43 -142.90
4 36.20 36.68 36.44 -138.39
5 36.00 36.84 36.42 -144.40
6 36.20 36.97 36.59 -94.80
7 36.00 37.04 36.52 -114.34
8 36.20 37.06 36.63 -81.28
9 36.50 37.07 36.79 -34.69
10 36.80 37.07 36.94 10.40
11 36.80 37.10 36.95 1491
12 37.10 37.13 37.12 64.50
13 37.10 37.21 37.16 76.53
14 37.00 37.20 37.10 60.00
15 3730 37.36 37.33 129.13
16 37.00 37.42 37.21 93.06
17 37.10 37.42 37.26 108.09
18 37.10 37.46 37.28 114.10
19 3730 37.53 37.42 154.68
20 3730 37.55 3743 157.68
21 3690 37.42 37.16 78.03
22 36.80 37.13 36.97 19.42
23 36.70 37.07 36.89 -4.63
24 36.60 36.87 36.74 -49.72

FIG. 1 shows the data for day 1 (continuous line) and day
2 (dotted line). Out of this measurement a normalized curve
was generated which is shown in FIG. 2.

Using this data, a second body parameter (in this example,
blood pressure) was measured, too. In this particular
example, the second measuring means was set to measure
when during the at least 1 monitoring cycle a drop in the
normalized monitoring data was observed of =40%/hour (on
the normalized scale) over =1 hours. The second measuring
means started with a pre-selected delay of at least 1 hour.

In this particular example, the second measuring means
was set to stop immediately when during the at least 1 moni-
toring cycle the normalized monitoring data deviated from
the normalized 0%-point of the normalized curve by a thresh-
old value of <5% and was increasing.

From the normalized data it can be seen that the time for
measuring is between 0:00 and 10:00 hrs and between 22:00
and 24:00 hrs. However, for demonstrating the accuracy of
the fit, it was continuously measured and the data in between
this time was also used. The data is given in table II:

TABLE II
time [h] BP [mm Hg]
0 118.2
2 110.6
4 110.6
6 118.6
8 1322
10 136.6
12 1314
14 126.2
16 124.6
18 128.2
20 133.0
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TABLE II-continued
time [h] BP [mm Hg]
22 1274
24 1182

FIG. 3 shows a diagram of the data of Table II, where only
the time from 0:00 and 10:00 hrs and from 22:00 to 24:00 was
used for the fitting. The fitting curve corresponds to the equa-
tion

[curve]=Mesor+4 1*cos(2m*(time- Acrophasel )/Pe-
riod1)+42x* cos(2m* (time- Acrophase?2)/Period2)

with

Mesor=124.8 mm Hg, 41=8.7 mm Hg,
acrophasel=13.9 h, period1=24 h, 42=7.8 mm
Hg, acrophase2=9.3h, period2=12h, (time: 0-24
h)

and is shown in FIG. 3 for the blood pressure as a function
of time which was used for the fitting (“triangles”) as well as
for the blood pressure calculated as a function of time at
which no actual BP measurement was performed “between
the stated times” (“circles”).

It can be seen that although only a part of the data was used,
the fitting is quite good throughout the day. This shows that it
is possible for most applications to partially skip the measure-
ment of the second body parameter without affecting the
quality of the (daily) data.

The particular combinations of elements and features in the
above detailed embodiments are exemplary only; the inter-
changing and substitution of these teachings with other teach-
ings in this application and the patents/applications incorpo-
rated by reference are also expressly contemplated. As those
skilled in the art will recognize, variations, modifications, and
other implementations of what is described herein can occur
to those of ordinary skill in the art without departing from the
spirit and the scope of the invention as claimed. Accordingly,
the foregoing description is by way of example only andis not
intended as limiting. The invention’s scope is defined in the
following claims and the equivalents thereto. Furthermore,
reference signs used in the description and claims do not limit
the scope of the invention as claimed.

The invention claimed is:

1. A method for the controlled release of drugs and/or
monitoring the status of a patient, the method comprising:

a) measuring at least one body parameter of the patient for

at least three measuring cycles and at least one monitor-
ing cycle,

10

15

20

25

30

40

45

8

b) generating a normalized curve for each of the measured
body parameter(s) of the patient from the data obtained
in the measuring cycles and adjusting the data obtained
in the at least one monitoring cycle to normalized data
based on the normalized curve to obtain normalized
monitoring data,

¢) starting and/or stopping a measurement of at least one
second body parameter having a circadian variation in
response to observed deviations of the normalized data
on a normalized scale or observed deviations of the
normalized monitoring data,

d) generating a fitting curve of data of the at least one
second body parameter, and

e) starting a drug release by a drug release device based
upon comparison of the data of step ¢) and/or d).

2. The method according to claim 1, wherein the at least
one first body parameter includes body temperature, core
body temperature, skin surface temperature, body activity,
brain activity, heart rate, melatonin level, triacylglycerol
level, cortisol level.

3. The method according to claim 1, wherein the at least
one second body parameter is blood pressure.

4. The method according to claim 1, wherein the second
measuring means starts measuring when during the at least 1
monitoring cycle a change in the normalized monitoring data
is observed of =40%/hour on a normalized scale over =1
hours.

5. The method according to claim 1, wherein the second
measuring means starts measuring when during the at least 1
monitoring cycle a drop in the normalized monitoring data is
observed of 240%/hour on a normalized scale over =1 hours
and/or the normalized data falls under an absolute value of
50%.

6. The method according to claim 1, wherein the second
measuring means is stopped when during the at least 1 moni-
toring cycle the normalized monitoring data deviates from the
normalized 0%-point of the normalized curve by a threshold
value of 25% and is increasing.

7. The method according to claim 1, wherein the second
measuring means is stopped when during the at least 1 moni-
toring cycle an average increase in the normalized monitoring
data is observed of =40% hour on a normalized scale over
hours and/or the normalized data rises above an absolute
value of 40%.

8. The method according to claim 1, wherein the compari-
son of the data of step ¢) and/or d) comprises the comparison
of the data of step ¢) and/or d) with pre-stored comparison
data.
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