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Description

Field of the invention

[0001] The present invention relates to the medical
field, and, in particular, itrelates to a device for measuring
a plurality of parameters of a patient subject to a treat-
ment with radiopharmaceuticals.

State of the art

[0002] As well known, substances like radiopharma-
ceuticals are administered to patients, usually intrave-
nously but also orally, for diagnostic and/or therapeutic
purposes.

[0003] Mainly, radiopharmaceuticals are largely used
in oncology, but they are also used in cardiology and
neurology, in particular for studying Parkinson and Alzhe-
imer diseases.

[0004] Radiopharmaceuticals are molecules contain-
ing at least one radionuclide, i.e. containing radioactive
isotopes. Because of radioactive isotopes, radiopharma-
ceuticals, once administered in a patient can be moni-
tored from the outside, during their specific biological
path, by means of specific apparatus. The instruments
for detecting the activity make it possible to collect a plu-
rality of consecutive images that depict the radiopharma-
ceutical distribution in the body, and show the progres-
sion of metabolism.

[0005] Normally a radiopharmaceutical has two com-
ponents: the carrier, i.e. a molecule having biological
functions of carrying, and the radioactive nuclide. The
carrier allows guiding the radionuclide up to a target or-
gan, or a target system. Through the use of specific di-
agnostic tools, the nuclides can be followed to determine
the distribution of the radiopharmaceutical in the body,
evaluating its affinity with target body parts and any var-
iations of the cell biological functions. The radiopharma-
ceuticals of "diagnostic" type allow then localizing pre-
cisely tumour targets and deducting its biological behav-
iour, and then searching and starting customized thera-
pies.

[0006] In particular, for nuclear medicine, examina-
tions instruments are used capable of detecting the gam-
ma radiations emitted by the nucleotides and precisely
positioning the pulses responsive to their source. These
instruments are called gamma cameras.

[0007] The technology of the gamma cameras has
been developed progressively. From the first analogic
systems, which allowed only to record planar images on
a plate, recent systems have been developed that are
completely digital, which carry out all the planar scinti-
graphic examinations, static and dynamic, and tomoscin-
tigraphy (SPECT) of high quality and equipped with very
fast and powerful processors.

[0008] The instruments that are at present available
are single-headed gamma cameras for general use or
multiple-headed (double, or triple headed). These are
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normally preferred since they are able to carry out all the
scintigraphic exams, segmental planar and total body
and SPECT examinations.

[0009] From the results thus obtained, it is possible to
obtain morphological indications of the organs, and data
on their functionality. The data that are collected by an-
alysing the image can be used for performing a clinical
diagnosis.

[0010] The patients to whom the radiopharmaceuticals
have been administered, must remain in insulation for a
certain number of days, usually from one to five days,
and during their hospitalization they cannot come into
contact with their relatives, in particular children and peo-
ple who are not in perfect health conditions since the
radiopharmaceutical is gradually swallowed from the
body and therefore the patient’'s body continues to emit
radiations for a determined time from the supply of the
same. During the insulation period only the qualified staff
of the structure where the patientis hospitalized, i.e. doc-
tors and nurses, have access to the protected chambers
of staying in hospital. The radiopharmaceutical is grad-
ually eliminated from the patient’s body also owing to its
radioactive decay. During the period of time of its decay,
small amount are eliminated through the sweat and
through the micturition.

[0011] During this period of insulation, the patient is
monitored, in such a way to be sure that the radiophar-
maceutical is correctly disposed from his/her body and
thatthen he/she is discharged from the structure in which
it is hospitalized. Presently, the monitoring of the patient
provides some periodic visits that are carried out by a
staff member, a nurse, or a doctor, who measures the
radiations emitted by the patient’s body using a radiation
dosimeter, usually a portable Geiger counter,. More in
detail, at present, in order to carry out the measurements,
the staff uses a probe that positions at a certain distance
from the patient’s body, usually 1.0 m - 1.5 m for safety
reasons.

[0012] This represents a first limit of this type of detec-
tion. In fact, as well known, the intensity of the radiations
decreases with the square of the distance. Therefore,
this type of procedure is not capable of ensuring a high
level of precision in the measuring.

[0013] In addition, in order to avoid that the staff can
absorb high amount of radiations, it is necessary to limit
to one, two times a day this type of detection. Since the
staff members have to check and monitor also other pa-
rameters such as arterial pressure, temperature, cardiac
frequency, ECG, etc. it is clear that in order to limit the
contact of the staff members to the radiations a lot of
people have to be involved, or, if this is not possible, the
number of the daily detections has to be reduced.
[0014] Therefore, the available data for foreseeing the
time of discharge of the patient are few. This makes the
forecast not much reliable and, therefore, the time of hos-
pitalization is precautionarily extended and the patient is
discharged only when the measured data ensure thatthe
decay proceeding of the radiations is below a predeter-
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mined threshold level calculated through tables and sta-
tistic measurements.

[0015] For example, in order to increase the number
of available data and, therefore to have a more precise
picture of the situation, environmental radiation detectors
can also be used, i.e. configured to measure the trend
of the radiation decay in the room in which the patient is
hospitalized.

[0016] A further drawback of the difficulty of determin-
ing when the patient subject to treatment with radiophar-
maceuticals can be discharged is that it is not possible
to optimize the management of the insulation chambers
and, then, to extend the waiting time for the patients that
must be subject to this type of treatment.

[0017] US5007427 describes a method and an appa-
ratus for determining the exact position of the left ventricle
of the heart of a patient. In particular, a device provides
monitoring the heart arranged on a flexible vest that is
worn by the patient during the studying period. More in

detail, the device for monitoring comprises a main detec-
tor of gamma rays and a secondary detector of gamma
rays of the type used in the field of the nuclear medicine
for monitoring, or diagnosing, the physiological activities
of a patient during a predetermined period of time. The
procedure described in US5007427, thus, provides to
inject a radiopharmaceutical in the circulatory system of
the patient to provide an output signal representative of
the activity of the left ventricle of the heart. The main
detector is adapted to measure the output signal for pro-
ducing a signal representative of the activity with time of
the left ventricle of the heart. Therefore, the system de-
scribed in US5007427, is not used for determining the
time of discharge of a patient subject to radiopharmaceu-
ticals, but has a completely different object.

[0018] In WO2009/127954, in the name of the same
applicant, a device is described for supporting a prede-
termined number of sensors of determined physiological
parameters of a patient, such as the arterial pressure.
However, W0O2009/127954 does not provide a sensor
for measuring the radiations emitted by a radiopharma-
ceutical, nor the document describes a criteria to estab-
lish the time of discharge of a patient subject to treatment
with radiopharmaceuticals.

[0019] Other apparatuses or methods for measuring
the radiations emitted by the body of a patient subject to
treatment with radio-drugs are also described in
US2005/287065, US2008/146892, US5647363 and in
the articles "Remotely Pollable Geiger-Miiller Detector
for Continuous Monitoring of lodine-1 31 Therapy Pa-
tients", and "Estimation of the Release Time from Isola-
tion for Patients with Differentiated Thyroid Cancer Treat-
ed with High-dose 1-1 31". The mentioned articles also
disclose in particular the estimation

of the time of discharge of a patient subject to a pharma-
cological treatment.
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Summary of the invention

[0020] Itis then a feature of the invention to provide a
device for measuring a plurality of parameters of a patient
subject to treatment with radiopharmaceuticals for car-
rying out measurements highly precise and ensuring a
repeatability of the measure.

[0021] It is also a feature of the invention to provide
such a device to avoid that qualified staff, such as nurses,
can be hit by the radiations emitted by the patient’s body
during the detection step.

[0022] Itis a further feature of the invention to provide
such a device for investigating specific areas of the pa-
tient’s body, in order to determine in a precise way the
status of advancing of the decay of the radioactive par-
ticles at the specific investigated area.

[0023] Itis a still a feature of the invention to provide
such a device to overcome the difficulties of the devices
of the state of the art.

[0024] These and other objects are achieved by a mul-
ti-parametric device for measuring a plurality of param-
eters of a patient subject to a treatment with radiophar-
maceuticals according to claim 1,

whose main feature is that at least one measurement
module of said plurality is a measurement module of ra-
diations equipped with a radiation sensor configured to
measure said radiations in a predetermined time range
At; and that of a control unit arranged to carry out a
processing procedure of the data for determining the time
of discharge of the patient subject to the pharmacological
treatment, as recited in claim 1.

[0025] The technical solution provided by the present
invention of using a multi-parametric device avoids that
medical, or paramedical, staff enters frequently in the
room where the patient is hospitalized for carrying out
the measurementof the parameters to be monitored such
as arterial pressure, temperature, cardiac frequency, etc.
This way, therefore, it is avoided that the staff can be
repeatedly hit by the radiations emitted by the patient’s
body. Furthermore, the possibility to avoid the use of
medical and paramedical staff for carrying out the meas-
urements carries out frequently such detection without
the drawback to put to risk the safety of the staff.
[0026] In particular, the radiation sensor is adapted to
emit an impulse, or "spike", for each detection of radia-
tions emitted by the patient. More in detail, the radiation
sensor emits a pulse when detects a radiation associated
with an energy higher than a predetermined value.
[0027] In particular, the microprocessor, operatively
connected to the sensor, is adapted to count the number
of pulses emitted by the radiation sensor in a predeter-
mined time range At1 obtaining the number of pulses in
time range n(At1).

[0028] Then, the number of pulses n(At;) that have
been counted by the microprocessoris sentto the remote
control unit by the wireless transmission. The control unit
is adapted to associate a point P(At,) responsive of the
number of pulses n(At,) on a diagram n(At4) versus time
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(t). The above described succession of steps is repeated
a predetermined number of times up to cover a prede-
termined time of observation. More in detail, once that
the overall time of observation t;; has benne decided,
for example 24 hours, and the detection time Aty, the time
range At, between a detection and the following one is
established. For each range Ati the number of pulses
emitted by the radiation sensor is calculated when radi-
ations higher than a predetermined energy value are de-
tected and plotted on a diagram.

[0029] In particular, the control unitis arranged to carry
out a processing procedure comprising the steps of:

- constructing a characteristic curve y representative
of the number of radiations detected by said sensors
of radiations in function of the time;

- determining the time t at which said curve yassumes
a value equal, or lower, than a predetermined lower
threshold value t*, said time t corresponding to the
time of discharge of the patient.

[0030] In particular, the construction of the character-
istic curve y provides the steps of:

- counting the number of pulses emitted by said radi-
ation sensor to detect said radiations in a predeter-
mined time range At1 obtaining the number of pulses
in said time range n(At1);

- identifying a point representative of said number of
pulses n(At1) on a diagram n(At1) versus time (t);

- repeating said counting step and said identifying step
for a predetermined number k of time ranges At1
spaced from the following of a second predetermined
time range At, for an overall time of detection At,y,
at the end of said repeating step being determined
of the number k of particles radioactive in a prede-
termined time range ni(At4), with i=1...k and defined
on said graph a corresponding number k of points Pi;

- constructing on said graph said characteristic curve
¥ through said plurality of points Pi, each point Pi of
said plurality corresponding to a number of pulses
n;(Aty) counted at the i-th second time range Ati,;

- determining said time of discharge td of the patient
from said characteristic chart y, through the steps of:

- comparing said characteristic chart y built with
a plurality of predetermined calibration curve;

- selecting among said plurality of calibration
curve of the curve y* that better approximates
said built characteristic chart y,

- identifying on said selected calibration curve »*
the time tatwhich said curve * assumes a value
equal, or lower, than said predetermined lower
threshold value n*(At,).

[0031] Advantageously, the engagement means of
each measurement module and the engagement means
of the main body are adapted to provide a matching form.
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In particular, the engagement means is configured to rec-
ognizing each module.

[0032] In particular, in addition to the measurement
module of the radiations emitted by the patient’s body,
at least one measurement module is provided selected
from the group consisting of:

- a measurement module configured to measure the
arterial pressure;

- a measurement module configured to measure the
cardiac frequency;

- a measurement module configured to measure
Sp0O2;

- a measurement module configured to measure the
position;

- a measurement module configured to measure the
temperature;

- a measurement module configured to measure the
ECG 4 derivations;

- a measurement module configured to measure the
breath frequency;

- or a combination thereof.

[0033] Advantageously, the control unit is adapted to
carry out a digital filtering of said plurality of data trans-
mitted via wireless communication by said microproces-
sor. This way, it is possible to reduce, through a digital
filtering, noises of the signal, i.e. the possible distortion
owing to the wireless transmission.

[0034] Advantageously, the measurement module of
the radiations has a shielding element arranged to insu-
late said radiation sensor from said wireless transmission
means. In fact, the wireless transmission could interfere
with the detection of the radiations by the radiation sen-
sor. Instead, the technical solution of providing the shield-
ing element makes it possible to insulate the sensor from
the wireless transmission means and therefore to avoid
said drawbacks.

[0035] Inparticular, the shielding elementis athin plate
of predetermined thickness of a metal material, for ex-
ample aluminium.

[0036] Preferably, the radiation sensor is a solid state
sensor. Such a solution allows reducing its size and en-
suring in the meantime precise measurements of the en-
ergy associated with the radiations emitted by the pa-
tient’s body. Therefore, the choice of using a solid state
sensor is particularly advantageous in the case of a
measurement device of wearable type.

[0037] In a advantageous exemplary embodiment the
measurement device comprises:

a first measurement module of radiations, said
measurement module equipped with a first radiation
sensor configured to measure a first plurality of ra-
diation data at a first analysis zone of the patient’s
body;

- atleastasecond measurement module of radiations,
said second measurement module equipped with a
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second radiation sensor configured to measure a
second plurality of radiation data at a second zone
of analysis of the patient’s body.

[0038] This exemplary embodiment allows, in particu-
lar, of monitoring with a single multi-parametric device
the radiations emitted by the patient’s body in two differ-
entpoints, in particular atafirstorgan and a second organ
of the patient, for example at the thyroid and the liver.
This way, it is also possible to evaluate if the radiations
induced by the radiopharmaceutical involves in addition
to the element subject to treatment with radiopharma-
ceuticals also other areas, i.e. organs, or tissues of the
patient's body, by the measurement of the radiations
emitted near the parts of interest. This allows to have a
more complete picture of the physical conditions of the
patient.

[0039] According to another aspect of the invention a
measurement module of the radiations emitted by the
body of a patient subject to treatment with radiopharma-
ceuticals, said modular portion comprises:

- aradiation sensor configured to measure said radi-
ations in a predetermined time range;

- engagement means arranged to engage said mod-
ule to respective engagement means of a multi-par-
ametric modular device, said multi-parametric mod-
ular device being configured to be worn by a patient
in such a way that said radiation sensor is adapted
to measure the radiations emitted by the patient’s
main body maintaining substantially fixed the dis-
tance from the source of radiations, said multi-par-
ametric modular device comprising:

- a microprocessor configured to process said
plurality of radiation data measured by said
measuring module obtaining a plurality of proc-
essed data;

- wireless transmission means arranged to send
via wireless communication said data computed
by said microprocessor to a remote control unit;

- asupplier arranged to supply said microproces-
sor and said radiation sensor.

[0040] Advantageously, the multi-parametric meas-
urement device comprises a display on which are dis-
played the main parameters measured by the sensors
to it connected.

[0041] In particular, it is possible to provide a plurality
of measurement modules of radiations of different type.
In particular, each measurement module of the radiations
is equipped with a sensor of different type, i.e. sensitive
to a predetermined range of radiations. For example, a
criteria that can be used for selecting a measurement
module of the radiation with respect to another can be to
evaluate which radiopharmaceutical has been used. In
function of the radiopharmaceutical that has been used,
in fact, the radionuclide incorporated in it, i.e. the radio-
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active isotope, has a predetermined time of decay and
firstly emits radiations in a specific range of energy.
Therefore, the radiation sensor is selected on the basis
of the type of radiopharmaceutical used.

[0042] According to a further aspect of the invention,
a measurement device of radiations emitted by the body
of a patient subject to treatment with radiopharmaceuti-
cals is configured to can be of a type wearable and pro-
vides:

- asolid state radiation sensor configured to measure
the radiations in a predetermined time range and to
provide a corresponding plurality of radiation data;

- amicroprocessor configured to process said plurality
of radiation data measured by said sensor obtaining
a plurality of processed data.

[0043] Advantageously, a transmitting means is also
provided pf wireless type arranged to send through wire-
less communication said data computed by said micro-
processor to a remote control unit.

[0044] Furthermore, the device provides a supplier ar-
ranged to supply the microprocessor and the radiation
sensor.

[0045] In particular, a support can be provided for the
measurement device arranged to be constrained to the
patient’s body and then of making the measurement de-
vice of the radiations of wearable type as described
above.

Brief description of the drawings

[0046] The invention will be now shown with the fol-
lowing description of its exemplary embodiments, exem-
plifying but not limitative, with reference to the attached
drawings in which:

- Fig. 1A diagrammatically shows a first exemplary
embodiment of a wearable device, according to the
invention, for measuring radiations emitted by a pa-
tient subject to treatment with radiopharmaceuticals;

- Fig. 2A diagrammatically shows an exemplary em-
bodiment of the device of Fig. 1A;

- Fig. 1B diagrammatically shows a first exemplary
embodiment of a multi-parametric device, according
to the invention, for measuring a plurality of param-
eters of a patient subject to treatment with radiop-
harmaceuticals;

- Fig. 2B diagrammatically shows an exemplary em-
bodiment of the multi-parametric device of Fig. 1B;

- Fig. 3 diagrammatically shows a top plan view of a
possible exemplary embodiment of the multi-para-
metric device of Fig. 1B;

- Fig. 4 shows the device multi-parametric of Fig. 3 a
perspective view of;

- Fig. 5 diagrammatically shows a block diagram in
which the main components are indicated of the mul-
ti-parametric device according to the invention;
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- Figs. 6 and 7 show in top plan views two possible
exemplary embodiments of the invention of Fig. 3;

- Fig. 8 diagrammatically shows a further exemplary
embodiment of the device of Fig. 1B applied to a
patient;

- Fig. 9 shows the exemplary embodiment of Fig. 8 in
a top plan view of highlighting some technical fea-
tures;

- Fig. 10 shows a block diagram of a procedure that
can be carried out with the device according to the
present invention in order to determine in how long
time the patient disposes the radiopharmaceutical
and then can be discharged from the building where
it is hospitalized;

- Fig. 11 shows the curve for determining the time of
discharge that can be constructed through the suc-
cession of steps shown in the block diagram of Fig.
10 reproduced on a diagram: number of pulses in
the time range in function of the time;

- Fig. 12 shows a block diagram of a procedure similar
to that one of Fig. 10 that can be carried out with the
device according to the present invention but in
which the number of pulses counted by the micro-
processor is converted in Siever/hr;

- Fig. 13 shows the curve for determining the time of
discharge that is obtained if a conversion of the data
in Siever/hr is provided according to the succession
of operations shown in Fig. 12.

Detailed description of the invention

[0047] With reference to Figs. 1A and 2A, a measure-
ment device 70 for measuring the radiations emitted by
the body of a patient 50 subject to a treatment with radi-
opharmaceuticals is configured in such a way that it can
be of wearable type and comprises, in particular, a solid
state radiation sensor 110 configured to measure the ra-
diations in a predetermined time range and to provide a
corresponding plurality of radiation data. Furthermore, a
microprocessor 150 is provided configured to process
the above described plurality of radiation data that have
been measured by the sensor 110 obtaining a plurality
of processed data. The invention provides, advanta-
geously, transmission means of wireless type arranged
to send via wireless communication the above described
data processed by the microprocessor 150 to a remote
control unit. Furthermore, the device 70 provides a sup-
plier arranged to supply the microprocessor 150 and the
solid state radiation sensor 110. In particular, a support
105 can be provided for the measurement device 70 ar-
ranged to be constrained to the patient’'s body and then
to make the measurement device of radiations of wear-
able type as above described.

[0048] As shown in detail in Figs. 1B, 2B, 3 and 4, said
measurement device 70 of radiations can be advanta-
geously configured as a module of a multi-parametric
device 100 for measuring a plurality of parameters of a
patient subject to a treatment with radiopharmaceuticals.
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More in detail, the multi-parametric device, thus obtained,
comprises a main body 101 constrained to the patient’s
body 50 in such a way that the measurement device 100
is of wearable type. For example, the main body 101 can
comprise a box-like body 102 mounted on a belt 105 that
is constrained to the thorax of the patient 50 (Fig. 1B), or
on a bracelet 105’ that is constrained to the wrist of the
patient 50 (Fig. 2B).

[0049] As shown in detail in Figs. 3 and 4, the device
100 comprises a plurality of measurement modules, for
example a first module 70 and a second module 71, each
of which has a respective sensor 110, 111, configured
to measure a predetermined parameter of the patient 50.
Even though in Figs. 3 and 4 the two measurement mod-
ules 70 and 71 are shown connected to a same side of
the measurement device 100 it is however also provided
thatthe same modules can be arranged on different sides
of the main body 101. Therefore, the device 100 is a
multi-parametric device of modular type.

[0050] The device 100 is also provided with a micro-
processor 150 configured to process a plurality of data
measured by the plurality of sensors 110, 111, obtaining
a plurality of processed data. Furthermore, a transmis-
sion means is furthermore provided of wireless type ar-
ranged to send via wireless communication the data
processed by the microprocessor 150 to a remote control
unit 250. For example, the wireless transmission can be
made by means of a Bluetooth module 75 and/or a wifi
module 85, or other types of wireless communication.
Furthermore, it is provided a supplier 160, for example a
rechargeable battery, arranged to supply the microproc-
essor 150, each sensor 110, 111, and other electronic
components.

[0051] Inparticular,each measuring module 70, 71 en-
gages with the main body 102 by engagement means
170, 171 arranged to engage with respective engage-
ment means 172 of the hollow container body 102. More
in detail, the engagement means 170, 171 and 172 are
adapted to operatively connect the microprocessor 150
with each sensor 70, 71 engaged to the main body 102.
The engagementmeans 170,171 and 172 can be electric
connection elements of known type.

[0052] According to the invention, the device 100 pro-
vides at least one measurement module of radiations 70.
This is equipped with a sensor of radiations 110 config-
ured to measure the radiations emitted by the patient’s
body in a predetermined time range At.

[0053] The radiation sensor 110 is preferably a solid
state sensor. Such solution allows to reduce its size and
to ensure, in the meantime, precise measurements of
the energy associated with the radiations emitted by the
patient’s body. Therefore, the choice of using a solid state
sensor is particularly advantageous in case of a meas-
urement device of wearable type.

[0054] The basic idea of the present invention, i.e. of
using a measurement module 70 of radiations connected
to the main body 102 constrained to the patient’s body
50 allows to carry out a detection from a short distance
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from the patient’s body 50. Therefore, the radiation sen-
sor 110 is adapted to measure the radiations emitted by
the source of radiations from a short distance and sub-
stantially fixed and therefore highly precise, which is lo-
calized and reliable. In fact, as well known, the radiation
energy is in inverse relation with the square of the dis-
tance. Therefore, reducing, with respect to the prior art
devices, the distance between the radiation detector and
the source of radiations, i.e. the patient’s body 50 treated
with radiopharmaceuticals, it is possible to increase the
precision level of the measurement.

[0055] Stillaccording to the invention, in addition to the
measurement module of the radiations 110 emitted by
the patient’s body 50, at least one measurement module
is provided selected from the group consisting of: a mod-
ule for measuring the arterial pressure, a module for
measuring the cardiac frequency, a module for measur-
ing SpO2, a module for measuring the position, a module
for measuring the temperature, a module for carrying out
the ECG, in particular ECG 4 derivation, a module for
measuring the frequency breath or any combination
thereof. The technical solution provided by the present
invention of using a multi-parametric device 100 avoids
that medical, or paramedical, staff enters frequently in
the room in which the patient is hospitalized for carrying
out the measurement of the parameters to be monitored
such as arterial pressure, temperature, cardiac frequen-
cy, breath frequency etc. This way, therefore, it is avoided
that the staff are repeatedly hit by the radiations emitted
by the patient's body. Furthermore, the possibility to
avoid the use of medical and paramedical staff for car-
rying out the measurements carries out frequently such
detection without the drawback to put in risk the safety
of the staff.

[0056] More indetail, the radiation sensor 110is adapt-
ed to emit an impulse, or "spike", at each detection of
radiations emitted by the patient 50. More in detail, the
radiation sensor 110 emits a pulse when it detects a ra-
diation associated with an energy higher than a prede-
termined value. The microprocessor 150, operatively
connected to the sensor 110, is adapted to carry out a
count of the number of pulses emitted by the radiation
sensor 110 in a predetermined time range At1 obtaining
the number of pulses emitted by the sensor 110 in the
considered time range n(At1).

[0057] Then, the number of pulses n(At;) counted by
the microprocessor 150 is sent to the remote control unit
300 from the above described wireless transmission, for
example by means of Bluetooth, or wifi. The control unit
250 is adapted, in particular, to associate a point P(At,)
representative of the number of pulses n(At4) on a dia-
gram n(At4) versus time (t). The above described suc-
cession of steps is repeated a predetermined number of
times up to cover a predetermined time of observation.
More in detail, once the overall time of observation t;;
has been decided, for example 24 hours, and each time
of detection At4, the time range At, between a detection
and the subsequent one is decided. For each time range
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Aty the number of pulses emitted by the radiation sensor
110 is computed when radiations are detected that are
higher than a determined energy and reproduced on a
graph. An example of a graph obtainable through the
above described processing is diagrammatically shown
in Fig. 8. A further advantage of the present invention is
that it is possible to carry out many measurements, in
particular in predetermined instants, and in such a way
to have a repeatability of the measure that further in-
creases the reliability of the measure and then of the
estimate of the time of discharge of the patient that has
been measured through the procedure above described.
[0058] The mutual engagement means 170, 171 of
each measurement module 70, 71 and the mutual en-
gagement means 172 of the main body 102 can be ar-
ranged to provide a positive engagement. In particular,
the engagement means can be configured to be capable
of recognizing each module, i.e. to avoid an engagement
between a module and the main body 101 at a wrong
connection port, i.e. not adapted to operatively connect
the module connected with the main body to the micro-
processor. This can be obtained through mutual engage-
ment means that is arranged to provide a positive en-
gagement between the module and the main body. In
this case the mutual engagement means 170, 171 and
172 in addition to ensure an electric connection between
each sensor 110, 111 and the microprocessor 150 are
also adapted to ensure that the mechanical connection
between each module 70, 71 and the main body 101 of
the multi-parametric device 100 occurs correctly. This
can be made for example as described in
WO02009127954 in the name of the same applicant. The
engagement means 172 can be configured to recognize
the module 70,71, i.e. to avoid that a module 70,71 is
connected to the main body 101 at a wrong connection
port.

[0059] According to an exemplary embodiment, the
control unit 250 can carry out a digital filtering of the data
transmitted via the above described wireless communi-
cation. This way, itis possible to reduce through a digital
filtering noises of the signal, i.e. the possible distortion
delivered during the wireless transmission. In particular,
the digital filtering is adapted eliminate theirregular spike,
i.e. notcorresponding to an eventreally occurred, in other
words to a detection of radiations by the radiation sensor
110, but to a noise produced by the interference with the
signal of the wireless transmission.

[0060] Inaddition, oralternatively, to the digital filtering,
in order to remedy said disadvantage, i.e. the interfer-
ence between the signal of the wireless transmission and
the detection of the radiations by the sensor 110, the
module 70 can be equipped with a shielding element 90
arranged to insulate the radiation sensor 110 from the
wireless transmission means. Such a solution provides
then to interpose a physical barrier between the radiation
sensor 110 and the antenna that transmits the data wire-
lessly. The shielding element 90 can be a thin plate of
predetermined thickness of a metal material, for example
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aluminium.

[0061] As diagrammatically shown in Figs. 8 and 9, in
a advantageous exemplary embodiment, the measure-
ment device 100 comprises a first measurement module
70a of the radiations and at least one second measure-
ment module 70b of the radiations. Each measurement
module 70a, 70b, is equipped with a respective radiation
sensor 110a and 110b. More in detail, the sensor 110a
is adapted to measure a first plurality of radiation data at
a first zone of analysis 200a of the patient’s body 50, for
example in the zone surrounding the carotid. The second
module 70b equipped with a second radiation sensor
110b is, instead, configured to measure a second plural-
ity of radiation data at a second zone of analysis 200b of
the patient’s body 50, for example at the liver. In this
exemplary embodiment, each measurement module
70a, 70b, is advantageously connected to the main body
102 and after microprocessor 150 by a respective con-
nection cabled 87a, 87b. In this case each module 87a,
87b can be provided mounted to an adhesive element,
for example a suction cap 88a, 88b, of the type used for
ECG, in such away to be engaged at the respective area
of analysis 200a, 200b.

[0062] This exemplary embodiment allows, in particu-
lar, to monitor with a single multi-parametric device 100
the radiations emitted by the patient’s body in two differ-
ent points. This way, it is also possible to consider if the
radiations induced by the radiopharmaceutical in the pa-
tientinvolves, in addition to the organ subject to treatment
with radiopharmaceuticals, also other areas, i.e. other
organs, or tissues of the patient’s body, by the measure-
ment of the radiations emitted near the interested parts.
This way, it is possible to have a more complete picture
of the physical conditions of the patient.

[0063] The multi-parametric measurement device 100
can also have a display 95 on which the main parameters
measured by the sensors 110, 111 to it connected are
displayed. Even though in Fig. 10 the display 95 is shown
connected by a wire 87¢ to the main body 102 it is also
provided that it can be integrated in the main body 102
same.

[0064] With reference to the block diagram 300 of Fig.
10, the measurement device of wearable type 100, ac-
cording to the present invention as described with refer-
ence to Figs. 1 to 10, can be used for determining the
time of discharge of a patient 50 subject to a treatment
with radiopharmaceuticals.

[0065] More in detail, as shown with reference to the
scheme 300 of Fig. 10, a detecting step is provided by
the radiation sensor 110 of the radiations emitted by the
patient’s body 50 in a first predetermined time range At
obtaining a plurality of measured data, block 301.
[0066] The detected data are then processed by a mi-
croprocessor 150 that carries out the counting of the
number of pulses emitted by the detector device when
the radiations in a first predetermined time range At, are
detected, block 302. More in detail, if the first time range
Aty is chosen equal to 1 minute, the number of pulses
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n(Aty) is expressed in c.p.m., i.e. “"count for minute", or
equivalent counts. In practice the number of pulses in
said time range corresponds to the energy associated
with the detected radiations. As described above, each
datum detected by the radiation sensor 110 and proc-
essed by the microprocessor 150 is sent via wireless
communication to a control unit 250, block 303. The con-
trol unit 250 provides then to plot the received processed
data on a graph (number of pulses vs time) identifying a
corresponding point Pi, block 304 (see for example Fig.
11).

[0067] The detecting and processing steps are then
repeated for a predetermined number k of time range At1
with a delay of a second predetermined time range At,
from the following one for a predefined overall time of
observation t;, block 305.

[0068] At the end of the iteration a predetermined
number k of numbers of pulses is determined in each
predetermined time range ni(At,), with i=1...k and then a
corresponding number k of points Pi is identified on the
graph.

[0069] Oncetheabove described k points Pihave been
identified it is possible to proceed with the construction
on the graph of a characteristic chart y, block 306. By the
characteristic chart yit is possible to determine the time
of discharge td of the patient. More in detail, the deter-
mination of the time of discharge td can be carried out
identifying on the graph on which the characteristic chart
v has been reproduced, a lower threshold value n*(At,)
and then from the curve y the time of discharge t* that
corresponds to the time t at which the curve yassumes
a value equal, or less than said lower threshold value.
An example of this procedure is diagrammatically shown
in Fig. 11.

[0070] The above disclosed lower threshold value can
be for example determined through a comparison, for
example carried out by the control unit 250, of the char-
acteristic chart y constructed with a plurality of predeter-
mined calibration curve loaded in a dedicated database.
Between the above described plurality of calibration
curve is selected the curve y* that better approximates
the constructed characteristic chart y. At last, on the
above described calibration curve y* the time tis selected
at which the curve »*, and then within a certain margin of
uncertainty also the curve y, assumes a value equal, or
lower, than the predetermined lower threshold value
n*(Aty).

[0071] More in detail, the calibration curve loaded in
the database are curve constructed using known coeffi-
cient, i.e. parameters. The coefficient to be considered
can be weight of the patient, age of the patient, type of
radiopharmaceutical that has been used, type of diseas-
es of the patient, or more in general a combination of
these parameters. Therefore a first selection of the cali-
bration curve that can be used is carried out on the basis
of the identity, or the likeness, of the values of the above
described parameters, or coefficient, with those of the
patient. Then, among the curves that have passed the
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first selection it is selected the curve that has a trend
similar to that one of the characteristic chart y.

[0072] As diagrammatically shown in Fig. 11, the con-
struction step of the characteristic chart ycan provide an
interpolation step of the points Pi, in such a way that it is
possible to determine with large advance, i.e. once re-
corded the data relative to a first period of observation,
such as it is the time of discharge. Since many data are
available, the interpolation allows to provide a curve high-
ly reliable. This is a further advantage of the use of a
detector device of wearable type.

[0073] In the exemplary embodiment shown diagram-
matical view of Fig. 12 it is also provided a conversion
step of each number of pulses calculated in each time
range At1, for example 1 min, in a measure in Sievert/hr
(Svr/hr), block 303b. Such a conversion can be carried
out using the known curve of conversion. For example,
the conversion can be necessary if the lower threshold
values are expressed in Sievert/hr (Sv/hr).

[0074] In this case, therefore, the graph that is con-
structed is Sv/hr versus time (Fig. 13).

[0075] The foregoing description exemplary embodi-
ments of the invention will so fully reveal the invention
according to the conceptual point of view, so that others,
by applying current knowledge, will be able to modify
and/or adapt for various applications such embodiment
without further research and without parting from the in-
vention, and, accordingly, it is therefore to be understood
that such adaptations and modifications will have to be
considered as equivalent to the specific embodiments.
The means and the materials to realise the different func-
tions described herein could have a different nature with-
out, for this reason, departing from the scope of the in-
vention, as defined in the appended claims. It is to be
understood that the phraseology or terminology that is
employed herein is for the purpose of description and not
of limitation.

Claims

1. Multiparametric device (100) for measuring a plural-
ity of parameters of a patient (50) subject to a treat-
ment with radiopharmaceuticals, said device (100)
comprising:

- a main body (101) constrained to the patient’s
body (50), in such a way that said device (100)
for measuring, in use, is worn by the patient (50);
- a plurality of measurement modules (70,71),
each measurement module (70,71) of said plu-
rality equipped with a sensor (110,111) config-
ured to measure a predetermined parameter of
said patient (50);

- a microprocessor (150) configured to process
a plurality of data measured by said plurality of
sensors (110,111) obtaining a plurality of proc-
essed data;
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- a wireless transmission means (75,85) ar-
ranged to send via wireless communication said
data processed by said microprocessor (150) to
a remote control unit (250) ;

- a supplier arranged to supply said microproc-
essor (150) and each sensor (110,111) of said
plurality;

- engagement means (170,171) arranged to en-
gage with respective engagement means (172)
of each measurement module (70,71) of said
plurality, said engagement means arranged to
operatively connect said microprocessor (150)
with each sensor (110,111) of said plurality;
wherein at least one measurement module (70)
of said plurality is a measurement module (70)
of radiations equipped with a radiation sensor
(110) configured to measure said radiations in
a predetermined time range At; said measure-
ment module (70,71) being configured to be ar-
ranged at a short distance from the patient’s
body (50) in such a way that said radiation sen-
sor (110) is arranged to measure the radiations
emitted by the source of radiations from a short
and substantially fixed distance;

said multiparametric device characterised in that
said control unit (250) is arranged to carry out a
processing procedure of said processed data for de-
termining the time of discharge td of said patient sub-
jectto said pharmacological treatment, said process-
ing procedure comprising the steps of:

- counting the number of pulses emitted by said
radiation sensor when said radiations are de-
tected in a predetermined time range At1 obtain-
ing the number of pulses in said time range
n(At1);

- identifying a point representative of said
number of pulses n(At1) on a graph n(At1) ver-
sus time (t);

- repeating said counting step and said identify-
ing step for a predetermined number k of times
with a time delay with respect to the preceding
point of a second predetermined time range At,
for an overall time of detection At,; at the end
of said repeating step a corresponding number
k of points Pi having been identified on said
graph, each point Pi corresponding to a number
of pulses nj(At,) counted at a i-th second time
range Atiy;

- constructing a characteristic chart y on said
graph through said plurality of points Pi repre-
sentative of the number of radiations detected
by the radiation sensor in function of the time;
- comparing said constructed characteristic
chart ywith a plurality of predetermined calibra-
tion curves loaded on a dedicated database;

- selecting among said plurality of calibration
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curves the curve y* which better approximates
said constructed characteristic chart y,

- identifying on said selected calibration curve
¥ the time t at which said curve * assumes a
value equal, or lower, than a predetermined low-
er threshold value n*(Aty), said time t corre-
sponding to the time of discharge td of the pa-
tient.

Device (100), according to claim 1, wherein said en-
gagement means (170,171) of each of said meas-
urement module (70,71) and said engagement
means (172) of said main body (101) are arranged
to provide a positive engagement, said engagement
means (172) being configured to recognize said
module (70,71), i.e. to avoid that a module (70,71)
can be connected to said main body (101) atawrong
connection port.

Device (100), according to claim 1, wherein, in ad-
dition to said measurement module (70) for meas-
uring the radiations emitted by the patient’'s body
(50), at least one measurement module (71) is fur-
ther provided selected from the group consisting of:

-ameasurement module configured to measure
the arterial pressure;

-ameasurement module configured to measure
the cardiac frequency;

-ameasurement module configured to measure
Sp02;

-ameasurement module configured to measure
the position;

-ameasurement module configured to measure
the temperature;

-ameasurement module configured to measure
the ECG 4 derivations;

-ameasurement module configured to measure
the frequency breath;

- or a combination thereof.

Device (100), according to claim 1, wherein said
processing procedure furthermore provides a digital
filtering of said plurality of data transmitted via wire-
less communication from said microprocessor (150),
said digital filtering arranged to reduce noises, i.e.
possible distortions owing to the wireless transmis-
sion of the signal associated with said plurality of
data.

Device (100), according to claim 1, wherein said
measurement module (70) of the radiations is pro-
vided with a shielding element (90) arranged to in-
sulate said sensor (110) of radiations from said wire-
less transmission means, in order to avoid interfer-
ences between the wireless transmission and the
detection of radiations carried out by the radiation
sensor.
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Device (100), according to claim 5, wherein said
shielding element (90) is a thin plate of predeter-
mined thickness made of a metal material.

Device (100), according to claim 6, wherein said met-
al material is aluminium.

Device (100), according to any one of the previous
claims, wherein said radiation sensor (110) is a solid
state sensor, in such a way to allow to reduce its size
and to ensure at the same time precise measure-
ments of the energy associated with the radiations
emitted by the patient’s body (50).

Device (100), according to any one of the previous
claims, wherein said plurality of measurement mod-
ules comprises:

- a first measurement module (70a) of the radi-
ations, said first module (70a) equipped with a
first radiation sensor (110a) configured to meas-
ure a first plurality of radiation data at a first zone
of analysis (200a) of the patient’s body (50);

- at least a second measurement module (70b)
of the radiations, said second measurement
module (70b) equipped with a second radiation
sensor (110b) configured to measure a second
plurality of radiation data at a second zone of
analysis (200b) of the patient’s body (50).

Device (100), according to any one of the previous
claims, wherein said radiation sensor (110) is ar-
ranged to emit an impulse, or "spike"”, at each detec-
tion of radiations emitted by the patient (50) and said
microprocessor (150) is arranged to count the
number of pulses emitted by said radiation sensor
in a predetermined time range At; obtaining the
number of pulses in said time range n(At,).

Device (100), according to any one of the previous
claims, wherein a display is furthermore provided
connected to said sensors, said display arranged to
display said main parameters measured by said sen-
sors.

Device (100), according to any one of the previous
claims, wherein a plurality of measurement modules
of radiations of different type is provided, each meas-
urement module of radiations having a radiation sen-
sor sensitive to a predetermined range of radiations
different from that one of the other sensors of radi-
ations.

Patentanspriiche

1.

Multiparametrische Vorrichtung (100) zum Messen
einer Mehrzahl von Parametern eines Patienten



19 EP 3 107 443 B1 20

(50), der einer Behandlung mit Radiopharmazeutika
unterzogen wird, wobei die Vorrichtung (100) Fol-
gendes umfasst:

- ein Hauptteil (101), das an dem Korper des
Patienten (50) festgelegt ist, derart, dass die
Vorrichtung (100) zum Messen wahrend des
Gebrauchs vom Patienten (50) getragen wird;
- eine Mehrzahl von Messmodulen (70,71), wo-
bei jedes Messmodul (70,71) der Mehrzahl mit
einem Sensor (110,111) versehen ist, der zum
Messen eines vorgegebenen Parameters des
Patienten (50) ausgebildet ist;

- einen Mikroprozessor (150), der ausgebildet
ist, um eine Mehrzahl der von der Mehrzahl von
Sensoren (110,111) gemessenen Daten zu ver-
arbeiten und eine Mehrzahl von verarbeiteten
Daten zu erhalten;

- Mittel zur drahtlosen Ubertragung (75,85), die
angeordnet sind, um durch drahtlose Kommu-
nikation die vom Mikroprozessor (150) verarbei-
teten Daten an eine Fernsteuereinheit (250) zu
senden;

- ein Versorger, der angeordnet ist, um den Mi-
kroprozessor (150) und jeden der Mehrzahl von
Sensoren (110, 111) zu versorgen;

- Eingriffsmittel (170,171), die angeordnet sind,
um jeweilige Eingriffsmittel (172) eines jeden
der Mehrzahl von Messmodulen (70,71) in Ein-
griff zu nehmen, wobei die Eingriffsmittel ange-
ordnet sind, um den Mikroprozessor (150) mit
einem jeden der Mehrzahl von Sensoren
(110,111) wirkzuverbinden;

wobei wenigstens eines der Mehrzahl von Messmo-
dulen (70) ein Strahlungsmessmodul (70) ist, das
mit einem Strahlungssensor (110) ausgestattet ist,
derausgebildetist, um die Strahlungen in einem vor-
gegebenen Zeitbereich At zu messen; wobei das
Messmodul (70,71) ausgebildet ist, um in einem ge-
ringen Abstand vom Kd&rper des Patienten (50) an-
geordnet zu werden, derart, dass der Strahlungs-
sensor (110) angeordnet ist, um die von der Strah-
lungsquelle in einem geringen und im Wesentlichen
festen Abstand emittierten Strahlungen zu messen;
wobei die multiparametrische Vorrichtung dadurch
gekennzeichnet ist, dass die Steuereinheit (250)
angeordnet ist, um ein Verarbeitungsverfahren der
verarbeiteten Daten auszuflinren, um die Entla-
dungszeit td des einer Behandlung mit Radiophar-
mazeutika unterzogenen Patienten zu ermitteln, wo-
bei das Verarbeitungsverfahren folgende Schritte
umfasst:

- Zahlen der Anzahl der von dem Strahlungs-
sensor emittierten Impulsen, wenn die Strahlun-
gen in einem vorgegebenen Zeitbereich At1 de-
tektiert werden, wodurch die Anzahl von Impul-
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sen in dem Zeitbereich n(At1) erhalten wird;

- Identifizieren eines Punktes, der reprasentativ
fur die Anzahl von Impulsen n(At1) in einem Di-
agramm n(At1) in Abhangigkeit von der Zeit (t)
ist;

- Wiederholen des Zahlschrittes und des Iden-
tifizierungsschrittes fiir eine vorgegebene An-
zahl k von Malen mit einer zeitlichen Verzége-
rung in Bezug auf den vorhergehenden Punkt
eines zweiten vorgegebenen Zeitbereiches At,
flr eine Gesamterfassungszeit At;;

wobei eine entsprechende Anzahl von Punkten Pi
ist am Ende des Wiederholungschrittes im Dia-
gramm identifiziert worden

- wobei jeder Punkt Pi einer Anzahl von Impul-
sen n;(Aty) entspricht, die in einem i-ten zweiten
Zeitbereich Ati, gezhlt wurden;

- Erstellen - in dem Diagramm - einer Merkmal-
tabelle ydurch die Mehrzahl von Punkten Pi, die
die Anzahl der vom Strahlungssensor in Abhan-
gigkeit von der Zeit detektierten Strahlungen
darstellen;

Vergleichen der erstellten Merkmaltabelle ymit einer
Mehrzahl von vorgegebenen Eichkurven, die in eine
spezielle Datenbank geladen werden;

- Auswahlen - aus der Mehrzahl von Eichkurven
- der Kurve »*, die der erstellten Merkmaltabelle
yam nachsten kommt;

- Identifizieren - in der ausgewahlten Eichkurve
y* - der Zeit t, bei der die Kurve y* den gleichen
oder einen geringeren Wert annimmt als einem
vorgegebenen  geringeren  Schwellenwert
n*(Aty), wobei die Zeit t der Entladungszeit td
des Patienten entspricht.

2. Vorrichtung (100) nach Anspruch 1, wobei die Ein-

grifismittel (170,171) eines jeden Messmoduls
(70,71) und die Eingriffsmittel (172) des Hauptteils
(101) angeordnet sind, um einen formschlissigen
Eingriff bereitzustellen, wobei die Eingriffsmittel
(172) ausgebildet sind, um das Modul (70,71) zu er-
kennen, d.h. zu vermeiden, dass ein Modul (70,71)
an einem falschen Verbindungsanschluss mit dem
Hauptteil (101) verbunden werden kann.

Vorrichtung (100) nach Anspruch 1, wobei zusatzlich
zu dem Messmodul (70) zum Messen der von dem
Korper des Patienten (50) emittierten Strahlungen
weiter wenigstens ein Messmodul (71) bereitgestellt
wird, ausgewahlt aus der Gruppe bestehend aus:

- ein Messmodul, das ausgebildet ist, um den
arteriellen Blutdruck zu messen;
- ein Messmodul, das ausgebildet ist, um die
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Herzfrequenz zu messen;

- ein Messmodul, das ausgebildet ist, um SpO2
ZU messen;

- ein Messmodul, das ausgebildet ist, um die
Position zu messen;

- ein Messmodul, das ausgebildet ist, um die
Temperatur zu messen;

- ein Messmodul, das ausgebildet ist, um die 4
EKG-Ableitungen zu messen;

- ein Messmodul, das ausgebildet ist, um die
Atemfrequenz zu messen;

- oder eine Kombination hiervon.

Vorrichtung (100) nach Anspruch 1, wobei das Ver-
arbeitungsverfahren weiter ein digitales Filtern der
Mehrzahl der durch drahtlose Kommunikation vom
Mikroprozessor (150) Ubertragenen Daten bereit-
stellt, wobei das digitale Filtern angeordnet ist, um
Gerausche, d.h. mégliche Verzerrungen durch die
drahtlose Ubertragung des mit der Mehrzahl von Da-
ten verbundenen Signals, zu reduzieren.

Vorrichtung (100) nach Anspruch 1, wobei das
Strahlungsmessmodul (70) mit einem Abschirmele-
ment (90) bereitgestellt wird, das angeordnet ist, um
den Strahlungssensor (110) von den drahtlosen
Ubertragungsmitteln zuisolieren, um Stérungen zwi-
schen der drahtlosen Ubertragung und der von dem
Strahlungssensor vorgenommenen Detektion von
Strahlungen zu vermeiden.

Vorrichtung (100) nach Anspruch 5, wobei das Ab-
schirmelement (90) eine diinne Platte aus einem Me-
tallmaterial mit einer vorgegebenen Dicke ist.

Vorrichtung (100) nach Anspruch 6, wobei das Me-
tallmaterial Aluminium ist.

Vorrichtung (100) nach einem der vorstehenden An-
spriiche, wobei der Strahlungssensor (110) ein Fest-
kérpersensorist, derart, dass es ermdglicht wird, sei-
ne GroéRe zu reduzieren und gleichzeitig prazise
Messungen der mit den Strahlungen verbundenen
Energie zu gewahrleisten, die von dem Koérper des
Patienten (50) emittiert werden.

Vorrichtung (100) nach einem der vorstehenden An-
spriiche, wobei die Mehrzahl der Messmodule Fol-
gendes umfassen:

- ein erstes Strahlungsmessmodul (70a), wobei
das erste, mit einem ersten Strahlungssensor
(110a) ausgestattete Modul (70a) ausgebildet
ist, um eine erste Mehrzahl von Strahlungsdaten
in einer ersten Analysezone (200a) des Korpers
des Patienten (50) zu messen;

- wenigstens ein zweites Strahlungsmessmodul
(70b), wobei das zweite, mit einem zweiten
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Strahlungssensor (110b) ausgestattete Mess-
modul (70b) ausgebildet ist, um eine zweite
Mehrzahl von Strahlungsdaten in einer zweiten
Analysezone (200b) des Kdrpers des Patienten
(50) zu messen.

Vorrichtung (100) nach einem der vorstehenden An-
spriiche, wobei der Strahlungssensor (110) ange-
ordnet ist, um einen Impuls oder "Anstieg" bei jeder
Detektion von Strahlungen zu emittieren, die von
dem Patienten (50) emittiert werden, und der Mikro-
prozessor (150) angeordnet ist, um die Anzahl von
Impulsen zu zahlen, die von dem Strahlungssensor
ineinem vorgegebenen Zeitbereich Aty emittiert wer-
den, wodurch die Anzahl von Impulsen in dem Zeit-
bereich n(At4) erhalten wird.

Vorrichtung (100) nach einem der vorstehenden An-
spriiche, wobei weiter eine Anzeige vorgesehen ist,
die mit den Sensoren verbunden ist, wobei die An-
zeige zum Anzeigen der von den Sensoren gemes-
senen Hauptparameter angeordnet ist.

Vorrichtung (100) nach einem der vorstehenden An-
spriiche, wobei eine Mehrzahl von Strahlungsmess-
modulen unterschiedlichen Typs vorgesehen ist,
wobei jedes Strahlungsmessmodul einen Strah-
lungssensor aufweist, der gegeniiber einem vorge-
gebenen Strahlungsbereich empfindlich ist, der sich
von dem der anderen Strahlungssensoren unter-
scheidet.

Revendications

Dispositif multiparamétrique (100) pour mesurer une
pluralité de parametres d’un patient (50) soumis a
un traitement avec des produits radiopharmaceuti-
ques, ledit dispositif (100) comprenant :

- un corps principal (101) fixé au corps du patient
(50), de telle maniere que ledit dispositif (100)
de mesure, durant I'utilisation, soit porté par le
patient (50) ;

- une pluralité de modules de mesure (70, 71),
chaque module de mesure (70, 71) de ladite plu-
ralité étant équipé d’un capteur (110, 111) con-
figuré pour mesurer un parametre prédéterminé
dudit patient (50) ;

- un microprocesseur (150) configuré pour trai-
terune pluralité de données mesurées par ladite
pluralité de capteurs (110, 111) en obtenant une
pluralité de données traitées ;

- un moyen de transmission sans fil (75, 85)
agencé pour transmettre par communication
sans fil lesdites données traitées par ledit micro-
processeur (150) a une unité de commande a
distance (250) ;
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- une alimentation agencée pour alimenter ledit
microprocesseur (150) et chaque capteur (110,
111) de ladite pluralité ;

- des moyens d’engagement (170, 171) agen-
cés pour s’engager avec des moyens d’enga-
gement respectifs (172) de chaque module de
mesure (70, 71) de ladite pluralité, lesdits
moyens d’engagement étant agencés pour con-
necter de maniéere fonctionnelle ledit micropro-
cesseur (150) avec chaque capteur (110, 111)
de ladite pluralité ;

dans lequel au moins un module de mesure (70) de
ladite pluralité est un module de mesure (70) de ra-
diations équipé d’un capteur de radiations (110) con-
figuré pour mesurer lesdites radiations dans une pla-
ge de temps prédéterminée At ; ledit module de me-
sure (70, 71) étant configuré pour étre disposé a une
courte distance du corps du patient (50) de telle ma-
niére que ledit capteur de radiations (110) soit agen-
cé pour mesurer les radiations émises par la source
de radiations a une distance courte et sensiblement
fixe ;

ledit dispositif multiparamétrique étant caractérisé
en ce que ladite unité de commande (250) soit agen-
cée pour exécuter une procédure de traitement des-
dites données traitées pour déterminer le temps de
décharge td dudit patient soumis audit traitement
pharmacologique, ladite procédure de traitement
comprenant les étapes suivantes :

- le comptage du nombre d’impulsions émises
par ledit capteur de radiations quand lesdites
radiations sont détectées dans une plage de
temps prédéterminée At1 en obtenantle nombre
d’'impulsions dans ladite plage de temps n(At1) ;
- l'identification d’'un point représentatif dudit
nombre d’impulsions n(At1) sur un graphique
n(At1) en fonction du temps (t) ;

- la répétition de ladite étape de comptage et de
ladite étape d’identification pour un nombre de
fois prédéterminé k avec un retard de temps par
rapport au point précédent d’'une deuxiéme pla-
ge de temps prédéterminée At, pour un temps
total de détection Aty ;

un correspondant nombre k de points Pi ayant été
identifié sur ledit graphique a la fin de ladite étape
de répétition,

- chaque point Pi correspondant a un nombre
d’impulsions nj(At;) comptées au niveau d’une
i-eme deuxiéme plage de temps Ati, ;

la construction d’un diagramme caractéristique ysur
ledit graphique par le biais de ladite pluralité de
points Pi représentant le nombre de radiations dé-
tectées par le capteur de radiations en fonction du
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temps ;

- la comparaison dudit diagramme caractéristi-
que construit ¥ a une pluralité de courbes d’éta-
lonnage prédéterminées chargées dans une ba-
se de données spéciale ;

- la sélection, parmi ladite pluralité de courbes
d’étalonnage, de la courbe y* qui se rapproche
le plus dudit diagramme caractéristique cons-
truit y;

- I'identification sur ladite courbe d’étalonnage
sélectionnée y* du temps t auquel ladite courbe
¥* prend une valeur égale, ou inférieure, a une
valeur de seuil inférieure prédéterminée n*(At,),
ledittemps tcorrespondant au temps de déchar-
ge td du patient.

Dispositif (100) selon la revendication 1, dans lequel
lesdits moyens d’engagement (170, 171) de chacun
dudit module de mesure (70, 71) e lesdits moyens
d’engagement (172) dudit corps principal (101) sont
agenceés pour fournir un engagement positif, lesdits
moyens d’engagement (172) étant configurés pour
reconnaitre ledit module (70, 71), c’est-a-dire pour
éviter qu’'un module (70, 71) puisse étre connecté
audit corps principal (101) au niveau d’un port de
connexion erroné.

Dispositif (100), selon la revendication 1, dans le-
quel, en plus dudit module de mesure (70) pour me-
surer les radiations émises par le corps du patient
(50), au moins un module de mesure (71) est en
outre prévu, sélectionné a partir du groupe
comprenant :

- un module de mesure configuré pour mesurer
la pression artérielle ;

- un module de mesure configuré pour mesurer
la fréquence cardiaque ;

- un module de mesure configuré pour mesurer
Sp02;

- un module de mesure configuré pour mesurer
la position ;

- un module de mesure configuré pour mesurer
la température ;

- un module de mesure configuré pour mesurer
les dérivations ECG 4 ;

- un module de mesure configuré pour mesurer
la fréquence respiratoire ;

- ou une combinaison de ceux-ci.

Dispositif (100), selonlarevendication 1, dans lequel
ladite procédure de traitement fournit en outre un
fitrage numérique de ladite pluralit¢ de données
transmises par communication sans fil a travers ledit
microprocesseur (150), leditfiltrage numérique étant
agenceé pour réduire des bruits, c’est-a-dire d’éven-
tuelles distorsions dues a la transmission sans fil du
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signal associé a ladite pluralité de données.

Dispositif (100), selon la revendication 1, dans lequel
ledit module de mesure (70) des radiations est muni
d'un élément de blindage (90) agencé pour isoler
ledit capteur (110) de radiations par rapport auxdits
moyens de transmission sans fil, de maniere a éviter
des interférences entre la transmission sans fil et la
détection de radiations exécutée par le capteur de
radiations.

Dispositif (100), selon la revendication 5, dans lequel
ledit élément de blindage (90) est une mince plaque
d’épaisseur prédéterminée, réalisée a partir d’'un
matériau métallique.

Dispositif (100), selon la revendication 6, dans lequel
ledit matériau métallique est I'aluminium.

Dispositif (100), selon I'une quelconque des reven-
dications précédentes, dans lequel ledit capteur de
radiations (110) est un capteur a I'état solide, de ma-
niére a permettre de réduire sa taille et a garantir en
méme temps des mesures précises de I'énergie as-
sociée aux radiations émises par le corps du patient
(50).

Dispositif (100), selon I'une quelconque des reven-
dications précédentes, dans lequel ladite pluralité de
modules de mesure comprend :

- un premier module de mesure (70a) des radia-
tions, ledit premier module (70a) étant équipé
d’un premier capteur de radiations (110a) con-
figuré pour mesurer une premiére pluralité de
données de radiations au niveaud’'une premiére
zone d’analyse (200a) du corps du patient (50) ;
- au moins un deuxiéme module de mesure
(70b) des radiations, ledit deuxieme module de
mesure (70b) équipé d’'un deuxiéeme capteur de
radiations (110b) configuré pour mesurer une
deuxiéme pluralité de données de radiations au
niveau d’'une deuxieme zone d’analyse (200b)
du corps du patient (50) .

Dispositif (100), selon I'une quelconque des reven-
dications précédentes, dans lequel ledit capteur de
radiations (110) est agencé pour émettre une impul-
sion, ou « pic », a chaque détection de radiations
émises par le patient (50) et ledit microprocesseur
(150) est agencé pour compter le nombre d’impul-
sions émises par ledit capteur de radiations dans
une plage de temps prédéterminée At; en obtenant
le nombre d’impulsions dans ladite plage de temps
n(Aty).

Dispositif (100), selon I'une quelconque des reven-
dications précédentes, dans lequel un dispositif d’af-
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fichage est prévu en outre, connecté auxdits cap-
teurs, ledit dispositif d’affichage étant agencé pour
afficher lesdits paramétres principaux mesurés par
lesdits capteurs.

Dispositif (100), selon 'une quelconque des reven-
dications précédentes, dans lequel une pluralité de
modules de mesure de radiations de différent type
est prévue, chaque module de mesure de radiations
ayant un capteur de radiations sensible a une plage
prédéterminée de radiations différente de celle des
autres capteurs de radiations.
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