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(57) ABSTRACT

A medical imaging apparatus and a device to detect the posi-
tion of a moving part of the body of a patient. The detection
device includes a management module including electronic
and electric components including a differential pressure sen-
sor linked to a measuring device that generates a differential
pressure representative of the respiration flow rate of the
patient, the management module being organized so as to
perform at least: one acquisition and processing of the data
produced by the differential pressure sensor for the genera-
tion of data representative of the respiratory volume and for
the generation of an outgoing digital synchronization signal;
the reception of an incoming digital synchronization signal;
the generation of an outgoing digital signal of data represen-
tative of the respiratory volume in line with one of the two
synchronization signals.
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Fig.2
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MEDICAL IMAGING APPARATUS TO
DETECT A MOVING PART OF A PATIENT’S
BODY

[0001] The technical scope of the present invention is that
of apparatus used for medical purposes. The present invention
namely relates to devices to detect the position of a moving
part of a patient’s body analysed by medical imaging.
[0002] Medical imaging devices are apparatus subjected to
stringent standards which enable complex data to be obtained
using elaborate processes such as positron emission tomog-
raphy (PET), computed tomography acquisition (CT) or
magnetic resonance imaging (MRI). During the acquisition
of medical images, the patient’s health must be protected and
any interaction likely to perturb the medical imaging devices
and increase the risk of accident as such images are taken
prevented.

[0003] For safety reasons, a CT imaging device which
emits X-rays to the patient is not able to receive a communi-
cation signal from another apparatus. According to current
applicable standards, no input for receiving data is allowed in
a CT imaging device namely to avoid their causing errors in
the X-ray emission control. A CT imaging device generally
only comprises a single output supplying an outgoing digital
synchronization signal.

[0004] For safety reasons, a PET imaging device generally
only comprises one input of a digital synchronization signal,
no other data exchange being permitted according to current
standards.

[0005] The complex imaging data supplied by the different
imaging devices may be combined and processed so as to
extract new information.

[0006] A PET examination, for example, enables the posi-
tion of high activity cells to be detected with the aid of a
radioactive marker. Cancerous cells are namely detected in
this way. A CT scan enables the PET examination to be
completed by supplying the position of the patient’s organs.
Thus, the compilations of the two types of information enable
the cancerous cells to be located in the patient’s organs.
[0007] One problem arises, however, in the case of medical
imaging applied to moving organs, such as, for example, the
lungs. A patient is not able to remain immobile and to stop
breathing during an examination which may last for more
than ten minutes. It is necessary, in that case, to detect the
positions of the patient’s body and to compile the data sup-
plied by the imaging devices in correlation with the data
representative of the position of the patient’s body. The data
representative of the position of the patient’s body is gener-
ally supplied by a device to visualize the patient’s diaphragm
which comprises a camera in whose field a marker is posi-
tioned, attached to the diaphragm. Each position of the patient
may then be determined by image analysis.

[0008] However, analyses performed with this type of
device to detect the position of the patient’s diaphragm are
generally lacking in accuracy. The failure rate depending on
the patient is of 30% or even 66% according to the different
clinical studies performed. It is, in fact, difficult to determine
the positions of moving organs in a three-dimensional space
based on a movement detected in two dimensions. The slight-
est measuring error generally causes the data representative
of the position of the organs to be invalidated.

[0009] Another problem lies in that the imaging devices
used with a device to visualize the patient’s diaphragm
requires a data acquisition that is approximately 20% longer.
In the case of an X-ray imaging device, the patient is exposed
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to X-rays at a 20% higher rate. Therefore, for each patient, the
chances of successfully achieving the data acquisition for the
medical imaging must be evaluated in view of the expected
benefit. If successful, this enables the more accurate detec-
tion, on the one hand, of any tumour activity and, on the other,
of the pathological volumes.

[0010] There thus appears a need to enhance the reliability
of the detection of the position of a moving body for physi-
ological measuring apparatus and namely for medical imag-
ing devices.

[0011] The aim of the present invention is to overcome
several of the drawbacks to prior art by supplying a new
device to detect the position of a moving part of a patient’s
body analysed by medical imaging.

[0012] The invention thus relates to a device to detect the
position of at least one moving part of a patient’s body analy-
sed by medical imaging, wherein it comprises a management
module comprising electronic and electric components
including at least one differential pressure sensor linked to a
measuring device generating a representative differential
pressure of the patient’s respiratory flow rate, the manage-
ment module being organised to perform at least:

[0013] the acquisition and processing of data produced
by the differential pressure sensor for the generation of
data representative of the respiratory volume and for the
generation of an outgoing digital synchronization sig-

nal,

[0014] thereception of an incoming digital synchroniza-
tion signal,

[0015] the generation of an outgoing digital signal of

datarepresentative of the respiratory volume in line with

one of the two incoming or outgoing digital synchroni-

zation signals.
[0016] According to one characteristic of the invention, the
outgoing digital synchronization signal is representative of
the detection of extremes with respect to the respiratory
movement corresponding to the minimum or maximum res-
piration flow rate of a defined portion of the respiratory cycle.
[0017] According to another characteristic of the invention,
the management module is adapted for the reception of a
selection command for one of the two incoming or outgoing
digital synchronization signals for the generation of the out-
going digital signal of the data representative of the respira-
tory volume in line with one of the two incoming or outgoing
digital synchronization signals.
[0018] According to another characteristic of the invention,
the management module is organized so as to generate the
digital signal of the data representative of the respiratory
volume in line with the incoming or outgoing digital synchro-
nization signal, with a response time of less than or equal to 30
msor 15 ms or even 12 ms with respect to the variation in data
produced by the differential pressure sensor.

[0019] According to another characteristic of the invention,
the data representative of the respiratory volume is calculated
from a memorized parameterizable model corresponding to a
curve representing the volume of air exhaled and inhaled by a
patient, the data representative of the patient’s respiratory
flow rate being processed by a parameterizing module of the
model over a pre-determined number of respiratory cycles for
a memorization of data representative of the parameterized
model, then being processed by a real-time adjustment mod-
ule of the parameterized model for the generation of respira-
tory volume data representative.
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[0020] According to another characteristic of the invention,
the detection device comprises a portable case enclosing at
least the management module and offset with respect to the
moving part being analysed.

[0021] According to another characteristic of the invention,
the detection device comprises an inhalator through which the
patient breathes, this inhalator being linked to a tube con-
nected at the inlet of the measuring device, the measuring
device being attached to the case.

[0022] Another subject of the invention relates to medical
imaging apparatus comprising at least one medical imaging
device synchronized with a device to detect the position of the
moving part of the patient’s body being analysed by medical
imaging according to the invention.

[0023] According to another characteristic of the invention,
the medical imaging apparatus comprises at least two medical
imaging devices each of a different type and being of the type
positron emission tomography (PET), computed tomography
acquisition (CT) or magnetic resonance imaging (MRI).
[0024] According to another characteristic of the invention,
the medical imaging apparatus comprises a calibration tool
for the detection device and said medical imaging devices, the
calibration tool comprising an aperture supplied by a cham-
ber and connected to the measuring device, the chamber
being delimited by a mobile wall linked to a target able to be
detected by said medical imaging devices, the target and
mobile wall being joined for the simultaneous control of their
displacement, the calibration tool ensuring a synchronization
of the timers and medical imaging devices.

[0025] A first advantage of the invention lies in the fact that
the measurement of the respiratory flow in real-time enables
a better correlation with the data supplied by the imaging
devices thereby being able to reduce the failure rate to
approximately 10% or less than 10%.

[0026] Another advantage of the invention lies in the fact
that the analysis of the data is more accurate and the tumours
detected are smaller. Accuracy is considerably improved.
This enables therapy developed on the basis of the data sup-
plied by the medical imaging device(s) to be better adapted.
[0027] Another advantage lies in the fact that the detection
device is adapted to practically all patients whatever their
respiratory mode.

[0028] Yet another advantage lies in the fact that the real-
time detection of the position of a body according to the
invention is not subject to the drifting of the respiratory signal
detected over time because, namely in the case of a detection
device using a camera, of the displacement of a sensor posi-
tioned on the patient’s body. The real-time detection device
according to the invention is thus better correlated to the
kinematic movements of the internal organs, thereby optimis-
ing the analysis of the data representative of the body’s posi-
tion, namely for the reconstruction algorithms aiming to sup-
ply a representation of the patient’s body in two or three
dimensions.

[0029] Other characteristics, advantages and particulars of
the invention will become more apparent from the additional
description hereafter of the embodiments given by way of
illustration and with reference to the drawings, in which:
[0030] FIG. 1 is a perspective view showing the top of a
patient’s body and a detection device arranged at one end of
a mobile medical table;

[0031] FIG. 2 shows a perspective view of the front of the
device to detect the position of a patient’s thorax;
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[0032] FIG. 3 is a perspective view of the rear of the device
to detect the position of a patient’s thorax;

[0033] FIG. 4is a perspective view of the inside of a device
to detect the flow rate and volumes in correlation with the
position of a patient’s thorax;

[0034] FIG. 5 shows a perspective view of a differential
pressure generating device in connection with ducts for the
pressure measurements;

[0035] FIG. 6 shows a longitudinal section view of a dif-
ferential pressure generating device;

[0036] FIG. 7 shows a perspective view of the longitudinal
section of the differential pressure generating device in FIG.
6;

[0037] FIG. 8 shows a diagram of a management module
for the processing of data and the generation of output signals;
[0038] FIG. 9 shows a perspective view of the patient lying
on the mobile medical table, with the body position detection
device, entering the medical imaging device;

[0039] FIG. 10 shows a diagram showing a patient lying on
amobile medical table arranged, with the device to detect the
position of the patient’s body, in a medical imaging device;
and

[0040] FIGS. 11 and 12 show a calibration device intended
to be introduced, with the device to detect the moving part of
a patient’s body, in a medical imaging device.

[0041] The invention will now be described in further
detail. In the Figures, the same references are used to desig-
nate the same elements.

[0042] FIG. 1 shows a patient lying on a table 59. The table
9 is, for example, able to translate horizontally so as to be
inserted into medical imaging apparatus. A detection device
is attached to the examination table 59 by means of the lower
strap 57 of the case.

[0043] The patient’s head 2 rests on foam wedge cushions
58 and between the branches ofa U-shaped shell. Throughout
the medical examination, the patient breathes through the
inhalator 51, the linking tube 52 and the measuring device
opening into a space 54 in the open air.

[0044] An area 60 being analysed during the examination is
shown on the thorax of the patient 2.

[0045] Depending on the type of medical imaging device
used, shielding may be provided for all the electronic parts. A
shielded shell 50 may attenuate the radiation and the fields
generated during this examination, namely the magnetic
fields used in MRI imaging.

[0046] FIGS. 2 and 3 show perspective views of the front
and rear of the detection device. A set of foam wedge cushions
58 is provided on which the patient rests his or her head. The
set of foam wedge cushions 58 comprises a lower portion
extended by two lateral portions matching the shape of the
detection device’s shell 50. Two lateral portions press against
the portions of the shell 50 that form the branches of the
U-shape.

[0047] The detection device comprises a measuring device
which will be described in greater detail later. An inlet con-
nector 53 for the measuring device protrudes from the top of
the shell 50, the other elements constituting the measuring
device being arranged in the shell 50. The shell 50 also
encloses an electronic management module.

[0048] The inhalator 51 is linked to the inlet connector via
a linking tube 52. The inhalator is presented, for example, in
the form of a mask covering the nose and mouth and com-
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prising an anti-bacterial filter through which the patient
breathes. The mask is held on the patient’s head by an elastic
band.

[0049] The patient thus breathes via the inhalator linked to
the linking tube 52 and the measuring device opening into the
open air. The space 54 in the open air by which the patient
breathes is namely shown in FIG. 3. The connector 53 and
measuring device are offset with respect to the area under
analysis so as to remain outside this area but close to the
breathing source.

[0050] The portability of the detection device thus enables
the measuring device, through which the patient breathes, to
be positioned as closely to the patient as possible. Thus, the
air circuit via which the patient breathes is of a short length.
Positioning the measuring device laterally with respect to the
patient’s head further enables the air circuit via which the
patient breathes to be reduced. The reduced length of the
circuit makes it possible to have a volume of air that is not
entirely renewed but which is tolerable for the patient who
breathes through this air circuit for the full duration of the
examination.

[0051] Thelower tether strap 57 passes through the buckles
attached under the shell.

[0052] FIG. 4 shows a detection device 1 for the position of
at least one moving area, analysed by medical imaging, of a
patient’s body where the external shell 50 is shown transpar-
ently.

[0053] The shell 50 is attached to a base plate 49 to form a
housing case. Openings are arranged in the case and namely
an opening 55 to expel hot air via the vent duct 32, openings
56 for the intake of air into the inside of the case and an
opening into the open air of a space 54 through which the
patient breathes.

[0054] Thesupport plate 49 is U-shaped, the patient placing
his or her head between the branches of the U. The shell 50
extends above the support plate 49. A tether strap 57 for the
detection device 1 is attached to the edge of the support plate
49 and passes under the lower face of the support plate 49. The
strap 57 makes it possible to attach the device to a mobile
medical table, for example. The detection device is advanta-
geously portable.

[0055] The case houses the measuring device whose inlet
connector 53 protrudes with respect to the shell 50 of the case.
A tube may thus be connected by which the patient breathes.
The outlet connector 13 communicates with the space 54 in
the open air, by which the patient breathes.

[0056] Themeasuring device is attached to a base 31 which
is attached to the support plate 49. Removing the shell 50
provides access to the measuring device, which may then be
removed, namely for sterilization.

[0057] The pressure propagation ducts 33 and 34 are fully
housed in the case, as is the hot air supply duct 38. The air
intake opening 48 1s arranged inside the case. When the hot air
is directed towards the central body of the measuring device,
the air outside the shell penetrates into the shell via aeration
openings 56 and is then drawn into the air intake opening 48.
The air is made to move namely be the ventilator 43 activated
in the hot air supply duct 38. The air is heated by the resistance
46 and regulated by the temperature sensor 47.

[0058] After having circulated around the central body, the
hot air is evacuated, by the vent duct 32, outside the case.
[0059] Thecasecomprises an electronic management mod-
ule 30 arranged so as to supply data representative of the
differential pressure measurement made between the
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upstream pressure and the downstream pressure, this data
being processed to generate a digital data signal 40 represen-
tative of a respiratory volume of the patient in line with an
incoming 41 or outgoing 42 digital synchronization signal.
[0060] The management module 30 comprises, for
example, at least one printed circuit. The management mod-
ule 30 comprises, for example, a data bus, an address bus and
acontrol bus linking together the processing components, the
memorization components and the interface components.
The memory components are, for example, volatile or non-
volatile memories. The processing components are, for
example, of the FPGA (Field Programmable Gate Array),
DSP (Digital Signal Processor) or ASIC (Application Spe-
cific Integrated Circuit) type. The electrical signals are, for
example, of the TTL or CMOS type. Shall be designated by
module, such as the management module or heating module,
a functional assembly comprising a programme or sub-pro-
gramme memorized and performed to process data or pro-
duce data and able to use a working memory space.

[0061] The detection device 1 is linked to an electric power
cable 19.
[0062] The detectiondevice 1 is linked to a communication

link supplying an outgoing digital synchronization signal 42.
This synchronization signal 42 is produced by the manage-
ment module 30 using the data representative of the measured
flow rate of the air flow.

[0063] The detection device1 is linked to a communication
link receiving an incoming digital synchronization signal 41.
[0064] The detection device1 is linked to a communication
link and supplies, on this line, an outgoing digital signal 40
representative of the respiratory volume of the patient, in line
with a synchronization signal. This synchronization signal is
the incoming or outgoing synchronization signal.

[0065] Forthe generation ofthis signal 40, the management
module generates data representative of the respiratory vol-
ume of the patient using data representative of the measure
flow rate of the air flow.

[0066] Oneexample of the processing of the data produced,
namely by the differential pressure sensor 37, will be
described later with reference to FIG. 8.

[0067] FIG. 5 shows a perspective view of the measuring
device to which a duct 38 supplying air at a regulated tem-
perature, a vent duct 32 and pressure propagation ducts 33 and
34 are connected.

[0068] The exterior of the casing delimits a rectangle par-
allelepiped comprising longitudinal chamfers. The upper face
comprises an opening to access a warming space and is linked
to an attachment plate 14 for the linking duct 23. The warming
space will be described in greater detail later.

[0069] The lower face comprises an opening to access to
the warming space and is linked to the attachment plate 20 for
the vent duct 32.

[0070] The front face comprises radial passages 28 opening
opposite the upstream 10 and downstream 11 pressure mea-
suring spaces. Connectors 29 are provided to be inserted into
these radial passages 28 and attached to this front face. These
connectors 29 are of a shape intended for the connection of
two pressure propagation ducts 33 and 34 leading to the
differential pressure measuring sensor 37.

[0071] The rear face is fitted, for example, with threaded
holes for the attachment of a support stand for the measuring
device.

[0072] Thering-shaped spaces 10 and 11 for measuring the
differential pressures have been shown in dotted lines. The
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connectors 29 are arranged in the passages 28 communicating
with spaces 10 and 11 are connected to a downstream pres-
sure propagation duct 33 and to an upstream pressure propa-
gation duct 34. The two pressure propagation ducts 33 and 34
are linked to a differential pressure sensor 37 that is offset
with respect to the measuring device 3.

[0073] The pressure propagation ducts 33 and 34 are, for
example, of a length of a few centimetres to a few tens of
centimetres. The differential pressure sensor 37 closes each
of the pressure propagation ducts 33 and 34 and comprises
equipment to supply data representative of the differential
pressure. The differential pressure sensor 37 thus supplies
data representative of the difference in pressure between the
upstream pressure and the downstream pressure in the mea-
suring device. This data is given, for example, in the form of
an analogue voltage or in the form of encoded digital data.
[0074] To warm the central body, a system of pulsed hot air
enables the warming of the measuring device, the air then
being evacuation via a vent duct 32.

[0075] The hot pulsed air system, offset with respect to the
measuring device, comprises an electrical air heating resis-
tance 46 arranged in a hot air supply duct 38. The heating
resistance 46 is powered by a heating module 45. This heating
module 45 may be controlled by a management module.
[0076] The hot air supply duct 38 is, for example, made of
amaterial that is not electrically conductive so as to avoid any
risk of current leakage. This duct 38 is connected to the
linking duct 23 communicating with the warming space. The
air penetrates into the hot air supply duct 38 by an air intake
48. Advantageously, no current circulates in the vicinity of the
duct through which the patient breathes and in which the
respiratory flow is to be measured.

[0077] The air entering by the air intake 48 is driven by a
ventilator 43 set into movement by an actuator 39. The actua-
tor 39 may itself be controlled by a management module or
can be started as soon as the detection device in which the
measuring device is installed is switched on.

[0078] A temperature sensor 47 is arranged in the hot air
supply duct 38 and is linked to a temperature regulation
module 44. This regulation module 44, for example, supplies
the management module with data representative of the tem-
perature of the air directed towards the measuring device.
Regulating the heating air temperature thereby makes it pos-
sible to avoid the overheating of the measuring device thereby
avoiding overheating the air inhaled by the patient.

[0079] The management module controls, for example, the
heating module 45 to turn off the heating when the regulation
module 44 supplies data representative of the exceeding of a
safety threshold temperature stored in the memory of the
management module.

[0080] Turning off the heating may also be controlled by a
bimetallic strip acting as a temperature sensor for the air
temperature and mounted in series in the electrical power
supply circuit of the electrical heating resistance. A bimetallic
strip may also be provided that is attached to one face of the
external casing of the measuring device or in the heating air
vent duct. The short-circuit or open-circuit state of the bime-
tallic strip can also be controlled by the management module.
[0081] After the heated air has circulated in the measuring
device to warm it, the heating air is evacuated via a vent duct
32. The vent duct 32 namely enables the heating air to be
directed out of an external protective shell.

[0082] FIG. 6 shows a longitudinal section of a measuring
device 3 generating a differential pressure representative of
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the flow rate of a gaseous flow. This measuring device 3
comprises an inlet 5 and an outlet 6 for the gaseous flow
whose flow rate is to be measured.

[0083] The terms used to designate the inlet 5 and outlet 6
for the gaseous flow are not restrictive. Shall be similarly
designated the measurements made upstream or respectively
downstream performed close to the inlet or respectively out-
let. When the patient exhales, the gaseous flow enters by inlet
5 and exits by outlet 6, the flow circulates upstream to down-
stream.

[0084] On the contrary, when the patient inhales, the direc-
tion of the gaseous flow is reversed and enters by the outlet
before passing via the inlet 5.

[0085] The inlet 5 of the gaseous flow is arranged towards
the patient and the outlet 6 of the gaseous flow is arranged in
a space in the open air. The shapes of the inlet 5 and outlet 6
vents are symmetrical and are tapered and of a length calcu-
lated to obtain the same flow rate measurement whether
incoming or outgoing.

[0086] The measuring device 3 comprises a central body 8
surrounded by a casing 9. The ends of the body protrude at
either end of the casing. A hollow connector 53 at the inlet 5
and a hollow connector at the outlet 6 are attached to the ends
of the hollow body 8. The hollow body 8 comprises longitu-
dinal channels 4 communicating first with the inlet 5 of the
gaseous flow and secondly with the outlet 6 of the gaseous
flow. Seals 15 are arranged between the central body 8 and the
connectors 53 and 13 at the inlet and outlet. The connectors 13
and 53 are fitted onto the body 8.

[0087] Seals 7a,7b,7¢ and 7d arranged between the casing
9 and the central body 8§ delimit a first space 10 to measure an
upstream pressure and a second space 11 to measure a down-
stream pressure. The seals 76 and 7¢ arranged between the
casing 9 and the central body 8 also delimit a third space 12
for warming the central body 8, this third space 12 being
supplied with fluid at a regulated temperature. This fluid s,
for example, air which is heated as described previously.

[0088] The seals are, for example, O-rings. Any type of
ring-shaped seal may be selected, which is to say those with
non-circular sections, such as quad-rings.

[0089] Four seals 7a, 7b, 7¢ and 7d successively delimit
between each other, the first space 10, the third space 12 and
the second space 11.

[0090] The casing 9 comprises an inner housing in which
the central body 8 is positioned, this inner housing forms
several bearings against which a seal is positioned to make an
air-tight contact. The successive bearings made in the casing
9 are made with decreasing diameters going from one end of
the casing abutting against a protruding peripheral shoulder
26 on the central body 8 to the other end of the casing 9 by
which the central body 8 protrudes. The insertion of the
central body 8 fitted with its seals is thereby facilitated.

[0091] Housing for seals 7a, 7, 7c and 7d take the form of
external peripheral grooves. The central body 8 also com-
prises housings, in the form of external peripheral grooves,
delimiting the pressure measuring spaces. External periph-
eral grooves made in the central body 8 further delimit the
cooling fins 25. The cooling fins 25 are in the warming space
12.

[0092] The central body 8 and the casing 9 fit into one
another along their longitudinal axis. The casing 9 is then
screwed to a shoulder 26 on the central body 8.
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[0093] Seals 15 are arranged in housings made in the end
collars on which the inlet and outlet connectors 13 and 53 are
fitted.

[0094] The different elements constituting the measuring
device can thus be disassembled, namely to be sterilized. In
particular, the central body 8 and the inlet and outlet connec-
tors 13 and 53 can be sterilized. The seals can be sterilized or
replaced.

[0095] The casing 9 surrounding the central body 8 forms
two points of access to the space 12 for warming up the central
body 8. Plates 14 and 20 attached to the casing 9 comprise an
opening in which a duct may be immobilised. These plates 14
and 20 are attached to the casing by screws.

[0096] The linking duct 23 is intended to be supplied with
fluid at a controlled temperature. In FIG. 6 only the linking
duct 23 is attached to the casing 9 by means of plate 14, the
access in the other plate 20 being left free, but a vent duct
linked to this other plate 20 has previously been described
with reference to FIG. 4.

[0097] Heating-conducting fins 25 are arranged in the cen-
tral body 8 and protrude into the warming space 12.

[0098] As shown in FIG. 7, these fins 25 are in the form of
parallel crowns which delimit, between each other, peripheral
grooves in the central body 8.

[0099] Warmed air is, for example, injected into the linking
duct 23 and then passes through the opening 21 made in the
casing to reach the warming space 12. The warm air thus
warms the central body 8. The fins 25 enable a better distri-
bution of the heat in the central body 8. The warming air
injected into the warming space 12 then exits via the opening
22 made in the casing 9. This evacuated warm air is channeled
into a vent duct as described previously. A vent duct is thus
attached, in the opening in attachment plate 20 and in com-
munication with the third warming space 12.

[0100] Warming the central body 8 makes it possible to
avoid the condensation of the air exhaled by the patient which
circulates in the central body 8.

[0101] The central body 8 comprises a network of parallel
channels 4. These longitudinal channels 4 are spaced over the
full diameter of the passage for the air flow arranged in the
central body.

[0102] The air flow passing through these longitudinal
channels 4 creates pressure in the longitudinal channels.
[0103] Radial ducts 17 and 18 are made in the central body
8 to link one or several longitudinal channels with spaces 10
and 11 to measure the pressures upstream and downstream.
[0104] Radial ducts 17 link the external longitudinal chan-
nels 4 with the space 11 for measuring the downstream pres-
sure. Radial ducts 18 link the external longitudinal channels 4
with the space 10 for measuring the upstream pressure.
[0105] As spaces 10 and 11 for measuring the pressure are
closed, the measurement of their internal pressure corre-
sponds to that upstream and downstream in the longitudinal
channels. These pressure measurements may thus be used to
measure the flow rate of the air flow.

[0106] Spaces 10 and 11 for measuring the upstream and
downstream pressure are delimited by the central body 8 and
the casing 9 and, as described previously, ducts linked to these
spaces 10 and 11 enable the propagation of their internal
pressure. As described previously, a differential pressure sen-
sor linked to these first and second pressure measuring spaces
10 and 11, make it possible for data representative of the
differential pressure to be generated.
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[0107] Warming the central body 8 as previously described
makes it possible to avoid the condensation of the air and the
appearance of water droplets which could block the longitu-
dinal channels 4 or the radial ducts 17 and 18 thereby
adversely affecting the pressure measurements.

[0108] FIG. 8 schematically shows an example of the
organisation of the management module 30.

[0109] The management module 30 comprises a differen-
tial pressure sensor 37 linked to pressure propagation ducts 33
and 34. The differential pressure sensor 37 supplies data
representative of the measured differential pressure read by
an arithmetic calculation module 116 that supplies data rep-
resentative of the measured flow rate. The arithmetic calcu-
lation module 116 performs, for example, a multiplication of
the data representative of a differential pressure to calculate
the data representative of a flow rate. The data representative
of the measured flow rate are stored in a memory storage
space 112.

[0110] Thememory storage space 112 of the data represen-
tative of the measured flow rate is read by an outgoing syn-
chronization signal generation module 113. This module 113,
for example, performs comparisons between the successive
values and determines the maximums and minimums of mea-
sured flow rate corresponding to synchronization fronts
stored in a memory storage space 114 for the outgoing syn-
chronization signal.

[0111] The memory storage space 114 for the outgoing
synchronization signal is namely read by an interface 105
supplying the outgoing synchronization signal 42.

[0112] The memory storage space 112 for the data repre-
sentative of the measured flow rate is read by a parameterizing
module 111 for a respiration model. This parameterizing
module 111 can access a memory storage space 110 for a
non-parameterized respiration model. The respiration model
corresponds to a curve representative of a volume of inhaled
and exhaled air by a human being. The non-parameterized
mode] 110 must therefore be parameterized according to each
examination. The parameterizing module 111 of the respira-
tion model thus provides access to the data 110 representative
of the non-parameterized respiration model and to the data
112 representative of the measured flow rate to generate data
109 representative of the parameterized respiration model,
this data being stored in a memory space 109.

[0113] The parameterizing module 111 of the respiration
model performs an adjustment over a pre-determined number
of respiratory cycles. A delay of a few tens of seconds is, for
example, planned for the parameterizing of the respiration
model. A delay of a few minutes can be planned during which
the patient should fall into a regular breathing rhythm.
[0114] To adjust the parameterized respiration model, the
parameterizing module 111 namely comprises a sub-pro-
gramme to adjust the model’s parameters.

[0115] Other sub-programmes may be provided in order to
parameterize the model such as a self-learning programme to
make successive adjustments and error assessments between
each adjustment.

[0116] The respiration model is a model called a LUJAN
model, expressed as:

Z(t)=Zo-B-(Cos(mtr-¢) P~

[0117] Inthis function, the position in metres of an organ is
given by Z(t).
[0118] Zo is an adjustable parameter corresponding to the

exhalation position.



US 2015/0190095 A1

[0119] B is an adjustable parameter corresponding to the
depth of each breath.

[0120] Cos is the mathematical function, cosine.

[0121] = is the constant of a value of approximately 3.14.
[0122] tis the time variable expressed in seconds.

[0123] < is an adjustable parameter corresponding to the

period of the respiratory cycle.

[0124] ¢ is an adjustable parameter corresponding to a
phase shift.
[0125] N is an adjustable parameter corresponding to a

degree of asymmetry of the model.

[0126] Theseadjustable parameters are, forexample, deter-
mined by several samplings and one or several solutions of
equation systems.

[0127] Determination by equation systems may be com-
bined with self-learning sub-programmes or mean value cal-
culation programmes.

[0128] Other respiration models may thus be used.

[0129] After the memorizing of the parameterized respira-
tion model 109, a module 115 to generate data representative
of the respiratory volume performs a memory access to the
parameterized respiration model 109 and to the data 112
representative of the respiration rate. This module 115 gen-
erates and writes the data representative of the patient’s res-
piratory volume in a memory space 118.

[0130] For the generation of data 118 representative of the
respiratory volume, the module 115 which generates it
namely comprises a sub-programme for the digital integra-
tion of the flow rate.

[0131] The management module 30 comprises an interface
103 to receive an incoming synchronization signal 41. The
data representative of the incoming synchronization signal is
written, by this interface 103, into a memory storage space
108.

[0132] The management module 30 comprises an interface
102 to receive at least one command signal 101 for the selec-
tion of synchronization with an incoming signal or with an
outgoing signal. Other commands may be received to pilot the
management module 30. The data representative for this
selection command is written, by this interface 102, in a
memory storage space 107.

[0133] The management module 30 comprises a module
119 to generate the data representative of the patient’s respi-
ratory volume in line with an incoming or outgoing synchro-
nization signal, this data being stored in a memory space 106.
This memory space 106 is read by an interface 104 generating
the outgoing transmission signal 40 for the data representa-
tive of the respiratory volume in line with the incoming or
outgoing synchronization signal.

[0134] Module 119 namely provides access to the data 118
representative of the respiratory volume and to the incoming
synchronization data 108 or to the outgoing synchronization
data 114 to generate the respiratory volume data 106 in line
with the incoming or outgoing synchronization signal. This
generation module 119 namely comprises a data concatena-
tion sub-programme. The combination of the respiratory vol-
ume data 118 with the incoming synchronization data 104 or
with the outgoing synchronization data 114 is made as a
function of the state of the memory space 107, accessed by the
module 119 to generate the respiratory volume data 106 in
line with the incoming or outgoing synchronization signal.
The memory space 107 is put into a pre-determined state
corresponding to the incoming or outgoing synchronization
signal used.
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[0135] The response time to process a variation of differ-
ential pressure translated into data representative of a varia-
tion in synchronized respiratory volume with one of the syn-
chronization signals is, for example, less than 12 ms, which
can correspond to the normal sampling frequency for a pre-
determined pressure differential sensor. The differential pres-
sure sensor is selected according to need. Thus, the manage-
ment module may be organised so as to have this response
time of 15 ms or 30 ms. A real-time system is thus obtained.
[0136] The generation of data representative of an activa-
tion authorization for the module 119 to generate the respi-
ratory volume data 106 in line with the incoming or outgoing
synchronization signal may also be provided. Such an autho-
rization is, for example, generated by amodule 117 to manage
the operating temperature.

[0137] The module 117 to manage the operating tempera-
ture provides read and write access to the working memory
spaces of the temperature regulation module 44, the heating
module 45 and a control module 67 for the ventilator actuator
39.

[0138] The temperature regulation module 117 comprises,
for example, a delay sub-programme according to a heating
time of the measuring device and a sub-programme to control
the heating to a memorized target temperature according to a
measured temperature. The module 119 to generate the syn-
chronized respiratory volume data accesses, for example, an
authorization memory space in the temperature management
module 117.

[0139] As shown in FIG. 9, the detection device 1 attached
to the medical table 59 is moved into the medical imaging
device 35 at the same time as the patient 2. The space formed
by the shell 50 and foam wedge cushions 58 will be made
sufficient for the patient to be able to position his or her head
and hands. The positioning of the patient with his or her arms
raised and hands locked behind his or her head allows better
visualization ofthe area 60 to be analysed. The U-shape of the
detection device in no way hinders the medical imaging pro-
cess. The inlet connector 53 is namely offset with respect to
the patient’s head and to the area 60 of the patient to be
analysed by medical imaging.

[0140] FIG. 10 shows medical imaging apparatus 35 com-
prising two medical imaging devices and detection device 1
for the position of the moving area, being analysed by medi-
cal imaging, of the patient’s body 2.

[0141] Each imaging device comprises a stimulation and
detection device 61 or 120, schematised by a ring 61 or 120,
linked to an acquisition and control case 62 or 121 for the data
representative of medical images. The medical image data 64
or 122 is transmitted by a communication link to a processing
station 140 or 143. A storage space 141 or 144 is provided for
this data which will be analysed later.

[0142] The signals transmitted by each medical imaging
device and received by the processing station 140 or 143
correspond to data representative of medical images in line
with the synchronization signal 123 supplied by the detection
device or the synchronization signal 145 transmitted to it.
[0143] The communication links between the different sta-
tions or devices are coupled by an optical interface enabling
an electrical insulation.

[0144] The medical imaging devices are, for example, of
the type positron emission tomography (PET), computed
tomography acquisition (CT) or magnetic resonance imaging
(MRI).
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[0145] Each medical imaging device is linked to the detec-
tion device 1 by which a synchronization signal 123 or 145 is
transmitted.

[0146] This synchronization signal 145 is an incoming syn-
chronization signal for the detection device 1 emitted, for
example, by a computed tomography acquisition device.
[0147] The synchronization signal 123 is an outgoing syn-
chronization signal for the detection device 1, received, for
example, by a positron emission tomography device.

[0148] The detection device 1 is linked by its power cable
19 to a power supply unit 66. This power supply unit is
connected to the power grid via an isolation transformer 124.
[0149] The communication or power supply cables linked
to the detection device 1 are selected of a sufficient length to
enable the medical table to translate inside the medical imag-
ing device.

[0150] The detection device 1 is also linked to its process-
ing station 65 to which it transmits data 40 representative of
the respiratory volume in line with the incoming or outgoing
synchronization signal. A storage space 142 is provided for
this data which will be analysed later.

[0151] The processing stations 65, 140 or 143 are, for
example, computers equipped with processing programmes
and comprising user interfaces. The user interface comprises
a screen and a keyboard. The processing stations 65, 140 and
143 are powered by the grid via an isolation transformer 124.
[0152] Itis to be noted that systems 140 and 143 may be
physically accommodated in a single system, and integrated
into a control console and include 2D, 3D (and 4D with the
time component incorporated by SPI into 3D structures)
image reconstruction software.

[0153] Thesystem thus formed is often called a reconstruc-
tion console.
[0154] There may be reconstruction consoles with only

image processing software that are located in rooms at a
greater or lesser distance from the examination area and con-
nected by computer network.

[0155] FIGS. 11 and 12 show a calibration tool 68 for the
detection device 1. A chamber 127 is delimited by a piston
126 controlled in translation. Another type of mobile wall
delimiting the volume of the chamber 127 and connected to
the target 125 may be used instead of the piston.

[0156] The calibration tool 68 comprises an aperture 128
supplied by the chamber 127 and connected to the measuring
device. The chamber 127 is linked, by a linking tube 69, to the
inlet connector 53 of the detection device 1. By controlling
the movement of the piston 126 according to pre-determined
cycles producing pre-determined air flows, the detection
device 1 can be calibrated.

[0157] The chamber 127 is delimited by the mobile piston
126, which is also linked to a target 125. This target 125 can
be detected by both medical imaging devices.

[0158] Thetarget 125 is attached to a non-metallic rod 131,
itself attached to an actuating head 132 of the piston 126.
[0159] Thetarget 125 and mobile piston 126 are thus joined
for their simultaneous displacement control.

[0160] One detail in FIG. 11 shows the actuator 129 of the
piston. The actuator 129 comprises a control interface 130 to
receive signals to command the forward or backward move-
ment of the piston.

[0161] The rod 131 is attached to the target 125 by thread-
ing 136 made on the end of the rod 131. This threaded end is
screwed into a threaded hole in a weight 133 made of a plastic
material. This weight 133, for example spherical, comprises
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an internal housing 134 closed by a plug 135. A radioactive
liquid may be inserted into the housing in the target 125. The
radioactive liquid makes it possible for the target to be
detected by a medical imaging device of the type positron
emission tomography (PET). The material of the target makes
it able to be detected by a medical imaging device of the type
CT scan.
[0162] The calibration tool may be introduced with the
detection device 1 into a medical imaging device. The detec-
tion device 1 may thus be calibrated at the same time as one of
the medical imaging devices.
[0163] The calibration tool is advantageously used to syn-
chronize the timers of one of the imaging devices and of the
detection device. It is thus possible for the timers of the
medical imaging devices to be synchronized with respect to
one another. Indeed, although the electronic timers used are
of great accuracy, they may be slightly out of synch thereby
leading to inaccuracies in the measurements during the sub-
sequent analysis of the data supplied by the different imaging
devices.
[0164] The calibration tool may also be used in the case of
a new measuring device being installed or when software in
the detection device is updated or when the processing param-
eters are adjusted. An inspection may also be performed by
way of precaution.
[0165] It must be obvious for one skilled in the art that the
present invention enables other variant embodiments. Conse-
quently, the present embodiments must be considered as
merely illustrative of the invention defined by the attached
claims.
1. A deviceto detect the position of at least one moving part
of the body ofa patient analysed by medical imaging, wherein
it comprises a management module comprising electronic
and electric components including at least one differential
pressure sensor linked to a measuring device generating a
representative differential pressure of the patient’s respira-
tory flow rate, the management module being organised to
perform at least:
the acquisition and processing of data produced by the
differential pressure sensor for the generation of data
representative of the respiratory volume and for the gen-
eration of an outgoing digital synchronization signal,

the reception of an incoming digital synchronization sig-
nal,

the generation of an outgoing digital signal of data repre-

sentative of the respiratory volume in line with one ofthe
two incoming or outgoing digital synchronization sig-
nals.

2. A detection device according to claim 1, wherein the
outgoing digital synchronization signal is representative of
the detection of extremes with respect to the respiratory
movement corresponding to the minimum or maximum res-
piration flow rate of a defined portion of the respiratory cycle.

3. A detection device according to claim 1, wherein the
management module is adapted for the reception of a selec-
tion command for one of the two incoming or outgoing digital
synchronization signals for the generation of the outgoing
digital signal of the data representative of the respiratory
volume in line with one of the two incoming or outgoing
digital synchronization signals.

4. A detection device according to claim 1, wherein the
management module is organized so as to generate the digital
signal of the data representative of the respiratory volume in
line with the incoming or outgoing digital synchronization
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signal, with a response time of less than or equal to 30 ms or
15 ms or even 12 ms with respect to the variation in data
produced by the differential pressure sensor.

5. A detection device according to claim 1, wherein the data
representative of the respiratory volume is calculated from a
memorized parameterizable model corresponding to a curve
representing the volume of air exhaled and inhaled by a
patient, the data representative of the patient’s respiratory
flow rate being processed by a parameterizing module of the
model over a pre-determined number of respiratory cycles for
a memorization of data representative of the parameterized
model, then being processed by a real-time adjustment mod-
ule of the parameterized model for the generation of data
representative of the respiratory volume.

6. A detection device according to claim 1, wherein it
comprises a portable case enclosing at least the management
module and offset with respect to the moving part being
analysed.

7. A detection device according to claim 6, wherein it
comprises an inhalator through which the patient breathes,
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this inhalator being linked to a tube connected at the inlet of
the measuring device, the measuring device being attached to
the case.

8. Medical imaging apparatus comprising at least one
medical imaging device synchronized with a device to detect
the position of the moving part of the patient’s body being
analysed by medical imaging according to claim 1.

9. Medical imaging apparatus according to claim 8,
wherein it comprises at least two medical imaging devices
each of a different type and being of the type positron emis-
sion tomography (PET), computed tomography acquisition
(CT) or magnetic resonance imaging (MRI).

10. Medical imaging apparatus according to claim 9,
wherein it comprises a calibration tool for the detection
device and said medical imaging devices, the calibration tool
comprising an aperture supplied by a chamber and connected
to the measuring device, the chamber being delimited by a
mobile wall linked to a target able to be detected by said
medical imaging devices, the target and mobile wall being
joined for the simultaneous control of their displacement, the
calibration tool ensuring a synchronization of the timers and
medical imaging devices.
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