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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to the deposition of ultra-
sonic energy into a subject using a catheter, in particular
the guidance of the catheter using acoustic radiation
force imaging.

BACKGROUND OF THE INVENTION

[0002] Non or minimally invasive treatment of prostate
tumors is a field of increasing interest. High-intensity fo-
cused ultrasound (HIFU) therapy of prostate tumors has
shown great promise in reducing the side effects of well-
established treatments, while still treating the tumor ef-
fectively. Most of the clinical cases performed to date
have been under ultrasound guidance, but MR guidance
holds several benefits that may further improve the clin-
ical outcome of the procedures. In addition to tempera-
ture imaging, MR guidance also allows for using MRI for
planning of the procedure.

[0003] Magnetic resonance acoustic radiation force
imaging is a Magnetic Resonance technique which is
able to map displacements produced by focused ultra-
sound pulses. The journal publication McDonnold et al.
Med. Phys. 35 (8), August 2008, pages 3748 to 3758
provides a review of magnetic resonance acoustic radi-
ation force imaging and how to apply the technique.
[0004] In Holbrook et. al., Med. Phys. 38 (9), Septem-
ber 2011, pages 5081 to 5089 discloses the use of Mag-
netic Resonance acoustic radiation force imaging to pro-
vide a method of visualizing the transducer focus quickly,
for High Intensity Focused Ultrasound (HIFU), without
damaging tissue to allow accurate execution of a treat-
ment plan. Document US2011270136 discloses: a med-
ical apparatus comprising:- a magnetic resonance imag-
ing system for acquiring magnetic resonance data from
a subject;- an ultrasonic system with an ultrasound array,
comprising multiple ultrasound elements, wherein the ul-
trasonic system is operable for driving the ultrasound ar-
ray;- a memory for storing machine executable instruc-
tions;- a processor for controlling the medical apparatus,
wherein execution of the machine executable instruc-
tions cause the processor to:- control the ultrasonic sys-
tem to generate at least one acoustic radiation impulse
with the ultrasonic system, wherein the generated ultra-
sound energy is below a predetermined level;- acquire
the magnetic resonance data by controlling the magnetic
resonance imaging system with a pulse sequence at
least partially during the generation of the at least one
acoustic radiation impulse, wherein the pulse sequence
is an acoustic radiation force imaging pulse sequence;-
reconstruct at least one acoustic radiation force pulse
image using the magnetic resonance data; and- deter-
mine an energy deposition zone for the catheter using at
least partially the at least one acoustic radiation force
pulseimage and accurately targetor direct the ultrasound
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array to deposit ultrasound energy into a target zone with-
in the subject by controlling the phases of the ultrasound
elements. The said document also discloses a corre-
sponding method and computer program product.

SUMMARY OF THE INVENTION

[0005] Theinvention provides for a medical apparatus,
amethod of operating the medical apparatus, and a com-
puter program product in the independent claims. Em-
bodiments are given in the dependent claims.

[0006] As will be appreciated by one skilled in the art,
aspects of the present disclosure may be embodied as
an apparatus, method or computer program product. Ac-
cordingly, aspects of the present disclosure may take the
form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident soft-
ware, microcode, etc.) or an embodiment combining soft-
ware and hardware aspects that may all generally be
referred to herein as a "circuit," "module" or "system."
Furthermore, aspects of the present disclosure may take
the form of a computer program product embodied in one
or more computer readable medium(s) having computer
executable code embodied thereon.

[0007] Anycombination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or
acomputerreadable storage medium. A’computer-read-
able storage medium’ as used herein encompasses any
tangible storage medium which may store instructions
which are executable by a processor of a computing de-
vice. The computer-readable storage medium may be
referred to as a computer-readable non-transitory stor-
age medium. The computer-readable storage medium
may also be referred to as a tangible computer readable
medium. In some embodiments, a computer-readable
storage medium may also be able to store data which is
able to be accessed by the processor of the computing
device. Examples of computer-readable storage media
include, but are not limited to: a floppy disk, a magnetic
hard disk drive, a solid state hard disk, flash memory, a
USB thumb drive, Random Access Memory (RAM), Read
Only Memory (ROM), an optical disk, a magneto-optical
disk, and the register file of the processor. Examples of
optical disks include Compact Disks (CD) and Digital Ver-
satile Disks (DVD), for example CD-ROM, CD-RW, CD-
R, DVD-ROM, DVD-RW, or DVD-R disks. The term com-
puter readable-storage medium also refers to various
types of recording media capable of being accessed by
the computer device via a network or communication link.
For example a data may be retrieved over a modem, over
the internet, or over a local area network. Computer ex-
ecutable code embodied on a computer readable medi-
um may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the fore-
going.

[0008] A computer readable signal medium may in-
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clude a propagated data signal with computer executable
code embodied therein, for example, in baseband or as
part of a carrier wave. Such a propagated signal may
take any of a variety of forms, including, but not limited
to, electro-magnetic, optical, or any suitable combination
thereof. A computer readable signal medium may be any
computer readable medium that is not a computer read-
able storage medium and that can communicate, prop-
agate, or transport a program for use by or in connection
with an instruction execution system, apparatus, or de-
vice.

[0009] ’‘Computer memory’ or 'memory’ is an example
of a computer-readable storage medium. Computer
memory is any memory which is directly accessible to a
processor. ‘Computer storage’ or ’storage’ is a further
example of a computer-readable storage medium. Com-
puter storage is any non-volatile computer-readable stor-
age medium. In some embodiments computer storage
may also be computer memory or vice versa.

[0010] A ’processor’ as used herein encompasses an
electronic component which is able to execute a program
or machine executable instruction or computer executa-
ble code. References to the computing device comprising
"a processor" should be interpreted as possibly contain-
ing more than one processor or processing core. The
processor may for instance be a multi-core processor. A
processor may also refer to a collection of processors
within a single computer system or distributed amongst
multiple computer systems. The term computing device
should also be interpreted to possibly refer to a collection
or network of computing devices each comprising a proc-
essor or processors. The computer executable code may
be executed by multiple processors that may be within
the same computing device or which may even be dis-
tributed across multiple computing devices.

[0011] Computer executable code may comprise ma-
chine executable instructions or a program which causes
a processor to perform an aspect of the present disclo-
sure. Computer executable code for carrying out opera-
tions for aspects of the present disclosure may be written
in any combination of one or more programming languag-
es, including an object oriented programming language
such as Java, Smalltalk, C++ or the like and conventional
procedural programming languages, such as the "C" pro-
gramming language or similar programming languages
and compiled into machine executable instructions. In
some instances the computer executable code may be
in the form of a high level language or in a pre-compiled
form and be used in conjunction with an interpreter which
generates the machine executable instructions on the fly.
[0012] The computer executable code may execute
entirely on the user’s computer, partly on the user’'s com-
puter, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or en-
tirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the us-
er's computer through any type of network, including a
local area network (LAN) or a wide area network (WAN),
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or the connection may be made to an external computer
(for example, through the Internet using an Internet Serv-
ice Provider).

[0013] Aspects ofthe presentdisclosure are described
with reference to flowchart illustrations and/or block dia-
grams of methods, apparatus (systems) and computer
program products and are in accordance with embodi-
ments of the invention. It will be understood that each
block or a portion of the blocks of the flowchart, illustra-
tions, and/or block diagrams, can be implemented by
computer program instructions in form of computer exe-
cutable code when applicable. It is further understood
that, when not mutually exclusive, combinations of blocks
in different flowcharts, illustrations, and/or block dia-
grams may be combined. These computer program in-
structions may be provided to a processor of a general
purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via
the processor of the computer or other programmable
data processing apparatus, create means forimplement-
ing the functions/acts specified in the flowchart and/or
block diagram block or blocks.

[0014] These computer program instructions may also
be stored in a computer readable medium that can direct
a computer, other programmable data processing appa-
ratus, or other devices to function in a particular manner,
suchthatthe instructions stored in the computerreadable
medium produce an article of manufacture including in-
structions which implement the function/act specified in
the flowchart and/or block diagram block or blocks.
[0015] The computer program instructions may also
be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series
of operational steps to be performed on the computer,
other programmable apparatus or other devices to pro-
duce a computer implemented process such that the in-
structions which execute on the computer or other pro-
grammable apparatus provide processes for implement-
ing the functions/acts specified in the flowchart and/or
block diagram block or blocks. A 'user interface’ as used
herein is an interface which allows a user or operator to
interact with a computer or computer system. A ’user
interface’ may also be referred to as a 'human interface
device.’ A user interface may provide information or data
to the operator and/or receive information or data from
the operator. A user interface may enable input from an
operator to be received by the computer and may provide
output to the user from the computer. In other words, the
user interface may allow an operator to control or manip-
ulate a computer and the interface may allow the com-
puter indicate the effects of the operator’s control or ma-
nipulation. The display of data or information on a display
or a graphical user interface is an example of providing
information to an operator. The receiving of data through
a keyboard, mouse, trackball, touchpad, pointing stick,
graphics tablet, joystick, gamepad, webcam, headset,
gear sticks, steering wheel, pedals, wired glove, dance
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pad, remote control, and accelerometer are all examples
of user interface components which enable the receiving
of information or data from an operator.

[0016] A ’hardware interface’ as used herein encom-
passes an interface which enables the processor of a
computer system to interact with and/or control an exter-
nal computing device and/or apparatus. A hardware in-
terface may allow a processor to send control signals or
instructions to an external computing device and/or ap-
paratus. A hardware interface may also enable a proc-
essor to exchange data with an external computing de-
vice and/or apparatus. Examples of a hardware interface
include, but are notlimited to: a universal serial bus, IEEE
1394 port, parallel port, IEEE 1284 port, serial port, RS-
232 port, IEEE-488 port, Bluetooth connection, Wireless
local area network connection, TCP/IP connection, Eth-
ernet connection, control voltage interface, MIDI inter-
face, analog input interface, and digital input interface.
[0017] A ’display’ or ’'display device’ as used herein
encompasses an output device or a user interface adapt-
ed for displaying images or data. A display may output
visual, audio, and or tactile data. Examples of a display
include, but are not limited to: a computer monitor, a tel-
evision screen, a touch screen, tactile electronic display,
Braille screen, Cathode ray tube (CRT), Storage tube,
Bistable display, Electronic paper, Vector display, Flat
panel display, Vacuum fluorescent display (VF), Light-
emitting diode (LED) displays, Electroluminescent dis-
play (ELD), Plasma display panels (PDP), Liquid crystal
display (LCD), Organic light-emitting diode displays
(OLED), a projector, and Head-mounted display.
[0018] Magnetic Resonance (MR) data is defined
herein as being the recorded measurements of radio fre-
quency signals emitted by atomic spins by the antenna
of a Magnetic resonance apparatus during a magnetic
resonance imaging scan. A Magnetic Resonance Imag-
ing (MRI) image is defined herein as being the recon-
structed two or three dimensional visualization of ana-
tomic data contained within the magnetic resonance im-
aging data. This visualization can be performed using a
computer.

[0019] A’pulse sequence’ as used herein encompass-
es a set of sequential commands used to control a mag-
netic resonance imaging system in order to perform a
particular imaging protocol. An acoustic radiation force
imaging pulse sequence is a pulse sequence is a pulse
sequence which enables the magnetic resonance imag-
ing system to acquire magnetic resonance data that can
be used to produce maps of displacements caused by
ultrasound pulses.

[0020] A ’'capacitive micromachined ultrasonic trans-
ducer’ (CMUT) as used herein encompasses a capacitive
ultrasound transducer that has been manufactured using
micromachining technologies. Micromachining technol-
ogies are thin film manufacturing techniques; typically
they are performed using processes identical to or similar
to those used for manufacturing integrated circuits.
[0021] Recent developments have led to the prospect
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that medical ultrasound transducers can be manufac-
tured by semiconductor processes. These processes
may be the same ones used to produce the circuitry need-
ed by an ultrasound probe such as a CMOS process.
These developments have produced micromachined ul-
trasonic transducers or MUTs. MUTs have been fabri-
cated in two design approaches, one using a semicon-
ductor layer with piezoelectric properties (PMUTs) and
another using a diaphragm and substrate with electrode
plates that exhibit a capacitive effect (CMUTs). The
CMUT transducers are tiny diaphragm-like devices with
electrodes that convert the sound vibration of a received
ultrasound signal into a modulated capacitance. For
transmission the capacitive charge applied to the elec-
trodes is modulated to vibrate the diaphragm of the de-
vice and thereby transmit a sound wave.

[0022] Since these devices are manufactured by sem-
iconductor processes the devices generally have dimen-
sions in the 10-200 micron range, but can range up to
device diameters of 300-500 microns. Many such indi-
vidual CMUTs can be connected together and operated
in unison as a single transducer element. For example,
four to sixteen CMUTSs can be coupled together to func-
tion in unison as a single transducer element. A typical
two dimensional transducer array currently may have
2000-3000 piezoelectrictransducer elements. When fab-
ricated as a CMUT array, over one million CMUT cells
may be used. Surprisingly, early results have indicated
that the yields, from a semiconductor fabrication plant,
of CMUT arrays of this size should be markedly improved
over the yields for lead zirconate titanate (PZT) arrays of
several thousand transducer elements.

[0023] Inoneaspectthe disclosure provides for a med-
ical apparatus comprising a magnetic resonance imaging
system for acquiring magnetic resonance data from a
subject. The medical apparatus further comprises an ul-
trasonic system operable for connecting to a catheter
with an ultrasound array. The ultrasonic system is oper-
able for driving the ultrasound array. Driving the ultra-
sound array as used herein encompasses providing elec-
trical power to the ultrasound array such thatitis able to
generate ultrasound. The medical apparatus further
comprises a memory for storing machine-executable in-
structions. The medical apparatus further comprises a
processor for controlling the medical apparatus. Execu-
tion of the machine-executable instructions cause the
processor to control the ultrasonic system to generate at
least one acoustic radiation impulse by the ultrasonic sys-
tem at a location of a target zone. The generated ultra-
sound is below a predetermined level. The predeter-
mined level may be selected such that the generated
ultrasonic energy does not cause damage locally in the
subject.

[0024] For instance the predetermined may be set
such that the heating of the subject in the target zone or
in the vicinity around the target zone is such that tissue
necrosis does not occur. Execution of the machine-exe-
cutable instructions further cause the processor to ac-



7 EP 2 981 210 B1 8

quire the magnetic resonance data by controlling the
magnetic resonance imaging system with a pulse se-
quence at least partially during the generation of the at
leastone acousticradiationimpulse. The pulse sequence
is an acoustic radiation force imaging pulse sequence.
Execution of the machine-executable instructions further
cause the processor to reconstruct at least one acoustic
radiation force pulse image using the magnetic reso-
nance data. Execution of the machine-executable in-
structions further cause the processor to determine an
energy deposition zone for the catheter using at least
partially the at least one acoustic radiation force pulse
image.

[0025] This embodiment may have the benefit that the
determination of where the energy deposition will be per-
formed by the catheter can be done very rapidly and very
efficiently using acoustic radiation force imaging or also
known as acoustic radiation force impulse imaging.
[0026] Acoustic radiation force impulse imaging is ap-
plied using focused ultrasound pulses using transducer
arrays that direct ultrasound to a focus. The images cre-
ated from the acoustic radiation force imaging are typi-
cally stiffness weighted and are used to provide informa-
tion about local mechanical tissue properties. In this em-
bodiment the similar technique is used, however not with
a high intensity focused ultrasound system but with the
use of a catheter. By its nature the catheter does not
necessarily direct the ultrasound to a focused point. This
achallenge is using catheters for ultrasound therapy. Us-
ing acoustic radiation force imaging, the overall distribu-
tion of where the ultrasound energy will go can be accu-
rately predicted. When a catheter is used the ultrasound
energy will not just to a maximum or a focal point, but
may be distributed throughout the subject. The acoustic
radiation force imaging may enable the essentially unfo-
cused ultrasound from a catheter to be more accurately
targeted or directed within a subject. A technique like
magnetic resonance thermometry could be used for tar-
geting the ultrasound also, however the tissue would
need to be heated a measureable amount. Acoustic ra-
diation force imaging has the advantage over magnetic
resonance thermometry in that it gives faster results and
only minimal heating occurs.

[0027] The determination of the energy deposition
zone may be determined for instance by noting where
the maximum radiation force produced by the ultrasound
is. This may produce more rapid and accurate informa-
tion than performing say for instance a test pulse. In this
embodimentthe energy may be much lower than is need-
ed to be detected by say a test pulse. When performing
a test pulse a reduced energy may be used and an in-
crease in the temperature may be noted. In the present
embodiment the tissue displacement can be caused by
a much smaller ultrasound impulse. This may enable
more rapid or more frequent testing of the location of the
energy deposition zone for the catheter. This may enable
more accurate targeting using the catheter than with tra-
ditional test pulse protocols.
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[0028] Inanotherembodiment, the catheter comprises
multiple ultrasound elements. Each of the multiple ultra-
sound elements is operable for producing ultrasound at
multiple frequencies. The ultrasonic system is operable
for controlling each of the ultrasound elements to gener-
ate ultrasound at the multiple frequencies. The at least
one acoustic radiation impulse comprises multiple pulses
or impulses with ultrasound generated using at least
some of the multiple frequencies. Execution of the in-
structions further causes the processor to reconstruct
multiple acoustic radiation force image pulse images us-
ing magnetic resonance data acquired at least partially
during the multiple pulses.

[0029] Execution of the machine-executable instruc-
tions further causes the processor to receive a treatment
plan descriptive of a target zone within the subject. The
energy deposition zone may be determined as a function
of the ultrasound frequency generated by the ultrasound
elements. Execution ofthe instructions may further cause
the processor to to determine a sonication frequency for
each of the ultrasound elements using this frequency de-
pendent energy deposition zone.

[0030] Depending upon the construction of the cathe-
ter the multiple ultrasound elements may have several
or arange of frequencies which itis capable of generating
ultrasound at. For instance if piezoelectric elements are
used then there may be a discreet number of frequencies
which are practical to use. If a so called CMUT capacitive
micromachined ultrasonic transducer is used then the
frequency may be freely selectable within a range that is
determined by the structure of the CMUT transducers.
In this embodiment the procedure is repeated using mul-
tiple frequencies and then frequencies are chosen for the
various ultrasound elements such that the ultrasound is
directed to the target zone.

[0031] This embodiment may be particularly beneficial
because the determination of the energy deposition zone
can be made for different frequencies and individual or
groups of ultrasound elements using acoustic radiation
force imaging. A large number of such images can be
constructed very rapidly and without the use of effectively
heating the tissue very much. This may enable more re-
fined targeting of the target zone than would be possible
if say a conventional test pulse were used with thermal
imaging.

[0032] In another embodiment the multiple ultrasound
elements comprise at least one capacitive microma-
chined ultrasonic transducer array. The arrays may be
operated in a variety of ways. For instance the array may
be operated as a single ultrasound element in some em-
bodiments where all of the capacitive micromachined ul-
trasonictransducers are operated at the same frequency.
In other embodiments the frequency may be varied
acrossone CMUT array. In other embodiments the phase
produced by the individual capacitive micromachined ul-
trasonic transducers may also be controlled. This may
enable more accurate or more precise targeting using
the catheter.
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[0033] In another embodiment the ultrasound system
is operable for adjusting the focus of the at least one
capacitive micromachined ultrasonic transducer array by
controlling the phase of electrical power supplied to ca-
pacitive elements of the at least one capacitive microma-
chined ultrasonic transducer. Execution of the machine-
executable instructions causes the processor to control
the phase of the electrical power supplied to capacitive
elements of the at least one capacitive micromachined
ultrasonic transducer to control the location of the energy
deposition zone. In this embodiment controlling the fre-
quency the phase of electrical power is also performed.
This may enable a form of targeting of the target zone
and reduce the amount that the catheter needs to be
manipulated.

[0034] In another embodiment the multiple ultrasound
elements comprise piezoelectric transducers.

[0035] Inanother embodiment execution of the instruc-
tions further causes the processor to control the ultra-
sonic system to generate ultrasound above the prede-
termined threshold in the energy deposition zone. For
instance once the location of the energy deposition zone
is known accurately the catheter may then be used for
ablating tissue or for locally heating a portion of the sub-
ject.

[0036] In another embodiment the ultrasound system
is operable for controlling the phase of electrical power
supplied to the ultrasound array. Execution of the ma-
chine-executable instructions further causes the proces-
sor to adjust the phase of the multiple ultrasound trans-
ducer elements to modify the location of the energy dep-
osition zone to match the target zone.

[0037] In another embodiment execution of the ma-
chine-executable instructions further causes the proces-
sor to perform a beam path evaluation using the at least
one acoustic radiation force pulse image. The beam path
as is used herein encompasses a path which the ultra-
sound takes between the transducer and the energy dep-
osition zone. This embodiment may be beneficial be-
cause using the acoustic radiation force imaging the in-
tensity of the ultrasound which will be generated between
the transducer and the energy deposition zone can be
estimated accurately by the displacement generated.
This may be useful in avoiding such effects as near field
heating or the burning of the surface of a subject due to
high intensity ultrasound in the near field.

[0038] In another embodiment execution of the ma-
chine-executable instructions further causes the proces-
sor to determine a distance between the energy deposi-
tion zone and a predetermined volume in the subject.
This for instance may be considered to be equivalent as
performing a test shot using the system. The energy dep-
osition zone is where the energy during a sonication will
likely go and the predetermined volume may be a volume
which is desired to be targeted within the subject. Deter-
mining the distance between the two may be useful be-
cause then a physician or other operator can reposition
the catheter or electrical targeting can be changed within
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the catheter to reduce the distance between the energy
deposition zone and the predetermined volume.

[0039] In another embodiment the medical apparatus
comprises the catheter.

[0040] In another embodiment the catheter is a
transurethral catheter.

[0041] In another embodiment the catheter is an inter-
stitial catheter.
[0042] In another embodiment the catheter is an es-

ophageal catheter.

[0043] In another aspect the disclosure provides for a
method of operating a medical apparatus. The medical
apparatus comprises a magnetic resonance imaging
system for acquiring magnetic resonance data from a
subject. The medical apparatus further comprises an ul-
trasonic system operable for connecting to a catheter
with an ultrasound array. The ultrasonic system is oper-
able for driving the ultrasound array. The method com-
prises the step of controlling the ultrasonic system to gen-
erate at least one acoustic radiation impulse with the ul-
trasonic system. The generated ultrasound energy is be-
low a predetermined level.

[0044] The method further comprises the step of ac-
quiring the magnetic resonance data by controlling the
magnetic resonance imaging system with a pulse se-
quence at least partially during the generation of the at
leastone acoustic radiationimpulse. The pulse sequence
is an acoustic radiation force imaging pulse sequence.
The method further comprises the step of reconstructing
at least one acoustic radiation force pulse image using
the magnetic resonance data. The method further com-
prises determining an energy deposition zone for the
catheter using at least partially the at least one acoustic
radiation force pulse image.

[0045] Inanother embodimentthe method further com-
prises the step of determining a distance between the
energy deposition zone and a predetermined volume in
the subject.

[0046] In another aspect the disclosure provides for a
computer program product comprising machine-execut-
able instructions for execution by a processor controlling
the medical apparatus. The medical apparatus compris-
es a magnetic resonance imaging system for acquiring
magnetic resonance data from a subject. The medical
apparatus further comprises an ultrasonic system oper-
able for connecting to a catheter with an ultrasound array.
The ultrasonic system is operable for driving the ultra-
sound array. Execution of the machine-executable in-
structions causes the processor to control the ultrasonic
system to generate at least one acoustic radiation im-
pulse with the ultrasonic system. The generated ultra-
sound energy is below a predetermined level.

[0047] Execution of the machine-executable instruc-
tions further cause the processor to acquire the magnetic
resonance data by controlling the magnetic resonance
imaging system with a pulse sequence at least partially
during the generation of the at least one acoustic radia-
tionimpulse. The pulse sequence is an acoustic radiation
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force imaging pulse sequence. Execution of the machine-
executable instructions further cause the processor to
reconstruct at least one acoustic radiation force pulse
image using the magnetic resonance data. Execution of
the machine-executable instructions further cause the
processor to determine an energy deposition zone for
the catheter using at least partially the at least one acous-
tic radiation force pulse image.

[0048] It is understood that one or more of the afore-
mentioned embodiments of the disclosure may be com-
bined as long as the combined embodiments are not mu-
tually exclusive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] In the following preferred embodiments in ac-
cordance with the invention will be described, by way of
example only, and with reference to the drawings in
which:

Fig. 1 shows a flow diagram which illustrates an ex-
ample of a method;

Fig. 2 shows aflow diagram whichillustrates a further
example of a method;

Fig. 3 shows a block diagram which illustrates an
example of a medical apparatus;

Fig. 4 illustrates several examples of ultrasound el-
ements.

Fig. 5 illustrates an example of a catheter;

Fig. 6 illustrates a further example of a catheter;
Fig. 7 illustrates a catheter to explain the functioning
of a medical apparatus; and

Fig. 8 illustrates a catheter to explain the further func-
tioning of a medical apparatus;

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0050] Like numbered elements in these figures are
either equivalent elements or perform the same function.
Elements which have been discussed previously will not
necessarily be discussed in later figures if the function is
equivalent.

[0051] Fig. 1 shows a flow diagram which illustrates a
method according to an embodiment of the disclosure
and in accordance with the invention. In step 100 an
acoustic radiation impulse is generated. This may be
done using an ultrasonic system to control a catheter with
an ultrasound array. Next in step 102 magnetic reso-
nance data is acquired by controlling the magnetic res-
onance imaging system with a pulse sequence at least
partially during the generation of the at least one acoustic
radiation impulse. The pulse sequence is an acoustic ra-
diation force imaging pulse sequence. Next in step 104
an acoustic radiation force pulse image is reconstructed
using the magnetic resonance data. Finally in step 106
an energy deposition zone is determined using acoustic
radiation force pulse image. By looking at the displace-
ment of the subject’s internal structure it can be deter-
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mined where the majority of the energy deposition would
be if for instance a sonication were performed.

[0052] Fig. 2 shows a flow diagram which illustrates a
further method according to an embodiment of the dis-
closure and in accordance with the invention. Firstin step
200 a target zone is received. It may for instance be in
the form of a treatment plan. The target zone is descrip-
tive of a position inthe internal anatomy of a subject which
may be desired to be sonicated. Nextin step 202 acoustic
radiation impulses are generated at multiple frequencies.
Next in step 204 magnetic resonance data is acquired
using acoustic radiation force imaging pulse sequences
and this is performed at least partially during the gener-
ation of the radiation pulses at multiple frequencies. Next
in step 206 multiple acoustic radiation force pulse images
are reconstructed using the magnetic resonance data.
Next in step 208 the energy deposition zone is deter-
mined using the acoustic radiation force pulse images.
Essentially this is a frequency-dependent energy depo-
sition zone. When there are multiple transducers multiple
frequencies may be used so that by controlling which
transducers are used and/or which frequencies are used
the location of the energy deposition zone can be con-
trolled. Finally in step 210 a sonication frequency is de-
termined for the transducer elements using the frequen-
cy-dependent energy deposition zone and the target
zone. A frequency can be chosen for each of the trans-
ducer elements such that the energy deposition zone
overlaps the target zone sufficiently well so that a soni-
cation can be performed.

[0053] Fig. 3 shows a medical apparatus 300 accord-
ing to an embodiment of the disclosure and in accordance
with the invention. The magnetic resonance imaging sys-
tem comprises a magnet 304. The magnet 304 is a cy-
lindrical type superconducting magnet. The magnet has
a liquid helium cooled cryostat with superconducting
coils. It is also possible to use permanent or resistive
magnets. The use of different types of magnets is also
possible for instance it is also possible to use both a split
cylindrical magnet and a so called open magnet. A split
cylindrical magnetis similar to a standard cylindrical mag-
net, except that the cryostat has been split into two sec-
tions to allow access to the iso-plane of the magnet, such
magnets may for instance be used in conjunction with
charged particle beam therapy. An open magnet has two
magnet sections, one above the other with a space in-
between that is large enough to receive a subject: the
arrangement of the two sections area similar to that of a
Helmholtz coil. Open magnets are popular, because the
subject is less confined. Inside the cryostat of the cylin-
drical magnet there is a collection of superconducting
coils. Within the bore of the cylindrical magnet there is
an imaging zone where the magnetic field is strong and
uniform enough to perform magnetic resonance imaging.
[0054] Within the bore 306 of the magnet 304 there is
a magnetic field gradient coil 308 which is supplied cur-
rent by a magnetic field gradient coil power supply 310.
The magnetic field gradient coil 308 is used to spatially
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encode magnetic spins within an imaging zone of the
magnet during the acquisition of magnetic resonance da-
ta. The magnetic field gradient coil 308 is intended to be
representative. Typically magnetic field gradient coils
contain three separate sets of coils for spatially encoding
in three orthogonal spatial directions. The current sup-
plied to the magnetic field coil 308 is controlled as a func-
tion of time and may be ramped or pulsed.

[0055] Within the bore of the magnet 306 is an imaging
zone 316 where the magnetic field is uniform enough for
performing magnetic resonance imaging. Adjacent to the
imaging zone 316 is an antenna 312. The antenna 312
is connected to a transceiver 314. The radio frequency
antenna 316 is for manipulating the orientations of mag-
netic spins within the imaging zone 316 and for receiving
radio transmissions from spins also within the imaging
zone. The radio frequency antenna may contain multiple
coil elements. The radio frequency antenna may also be
referred to as a channel. The radio frequency coil is con-
nected to a radio frequency transceiver 314. The radio
frequency coil 312 and radio frequency transceiver 314
may be replaced by separate transmit and receive coils
and a separate transmitter and receiver. The radio fre-
quency antennais intended to also represent a dedicated
transmit antenna and a dedicated receive antenna. Like-
wise the transceiver 314 may also represent a separate
transmitter and receivers.

[0056] A subject 318 can be seen as reposing on the
subject support 320. The subject is partially within the
imaging zone. A catheter 324 is inserted into the subject
318. There is an energy deposition zone 326 which is
shown as adjacent to the catheter 324. The catheter 324
is connected to an ultrasonic system 322 which provides
electrical power for powering ultrasonic transducer ar-
rays on the catheter 324. The energy deposition zone
326 is within the imaging zone 316.

[0057] Thetransceiver 314, the magneticfield gradient
coil power supply 310, and the ultrasonic system 322 are
shown as being connected to a hardware interface 332
of a computer system 330. The computer 330 also com-
prises a processor 334. The processor 334 is in commu-
nication with the hardware interface 332 which enables
the processor 334 to control the operation and function
of the medical apparatus 300. The processor 334 is also
shown as being in communication with a user interface
336, computer storage 338, and computer memory 340.
[0058] The computer storage is shown as containing
a treatment plan 342. The treatment plan 342 is a plan
for sonicating a portion of the subject 318. It contains a
target zone 344 which is descriptive of the anatomical
position which may be desirous to sonicate. The compu-
ter storage 338 is shown as further containing a pulse
sequence 346. The pulse sequence 346 contains a set
of controls or commands which are executed in a time
sequence which enables the magnetic resonance imag-
ing system 302 to acquire magnetic resonance data us-
ing an acoustic radiation force imaging protocol. As such
the pulse sequence 346 may also be used to control the
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ultrasound system 322. Computer storage 338 is further
shown as containing magnetic resonance data 348 that
was acquired using the pulse sequence 346. The com-
puter storage 338 is further shown as containing acoustic
radiation force pulse image that was reconstructed from
the magnetic resonance data 348. The computer storage
338 is further shown as containing a location of the en-
ergy deposition zone 352 that was determined using the
acoustic radiation force pulse image 350.

[0059] The computer memory 340 is further shown as
containing a control module 354. The control module 354
contains computer-executable code which enables the
processor 334 to control the operation and function of
the medical apparatus 300. For instance it may enable
the processor 334 to acquire the magnetic resonance
data 348 using the pulse sequence 346. The computer
memory 340 is further shown as containing an image
reconstruction module 356. The image reconstruction
module 356 contains computer-executable code which
enables the processor 334 to reconstruct the acoustic
radiation force pulse image 350 from the magnetic res-
onance data 348. The computer memory 340 further con-
tains imaging processing module 358. The imaging
processing module 358 contains computer-executable
code which enables the processor 334 to determine the
location of the energy deposition zone 352 from the
acoustic radiation force pulse image 350.

[0060] Fig. 4 shows several examples of transducer
elements 400, 402, 404 that could be used in an embod-
iment. In Fig. 4 a conventional piezoelectric element 400
is shown. Next to the piezoelectric element 400 are two
arrays 402, 404 of capacitive micromachined ultrasound
transducers. The piezoelectric element400 has two elec-
trical connections 406 for driving the element 400.
[0061] The capacitive micromachined ultrasound
transducer array 402 has first 408 and second 410 elec-
trical connections. Array 402 is wired so that it functions
as a single transducer element in the way that the pie-
zoelectric element 400 does. This demonstrates how an
array 402 may be used as a replacement for an entire
piezoelectric element 400. Drawing 412 shows a blowup
of array 402. The individual capacitive micromachined
ultrasound transducers 414 can be seen. It can be seen
that each of the transducers 414 is connected to the first
408 and second 410 electrical connections. The array
404 of capacitive micromachined ultrasound transducers
is arranged as linear arrays. There is a set of first 416
and second 418 electrical connections for each row of
transducers. Drawing 420 is a blowup detail of the array
404. An individual capacitive micromachined ultrasound
transducer 422 can be shown as being connected to a
first 424 and second 426 electrical connection. The con-
nections 424 and 426 are chosen from the first 416 and
second 418 sets of electrical connections.

[0062] In addition to wiring the capacitive microma-
chined ultrasound transducers in large block arrays or in
linear arrays the individual micromachined ultrasound
transducers may also be individually driven by their own
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source.
[0063] Fig. 5 shows a top view 500 and a side view
502 of a catheter 504. This is purely an example of one
way in which a catheter could be built. There is the flat
surface 506 upon which is mounted a number of ultra-
sound transducers 508. In this example the transducers
are arranged as a linear array. There are electrical con-
nections 510 which provide electrical power to each of
the ultrasound transducers 508. The ultrasound trans-
ducers 508 could be piezoelectric transducers or they
may even be individual arrays of CMUTs.

[0064] Fig. 6 shows a distal end 600 of a catheter in
accordance with the disclosure. In this embodiment there
is a forward-looking ring array 602. There is an array of
capacitive micromachined ultrasound transducers sur-
rounding a hole 608. Behind the ring array 602 are panels
of sideways-looking arrays 604. The arrays 604 form a
ring around the shaft of the catheter. Shown in this Fig.
are various electrical connections 606. The forward-look-
ing ring array 602 may be used for such things as pro-
viding three dimensional imaging. The sideways-looking
arrays 604 may be used for ultrasound ablation and mon-
itoring. The individual capacitive micromachined ultra-
sound transducers can be used for beam steering during
ultrasound ablation. Benefits of this embodiment may in-
clude that there is no or minimal need for mechanically
rotating the catheter. The hole 608 can be used for ad-
ditional instruments or for water irrigation. The embodi-
ment shown in Fig. 6 can focus in multiple directions so
for such things as ablating a prostrate the entire 360 de-
grees around the probe may be performed simultane-
ously. This would result in less treatment time and thus
also reduce costs.

[0065] Fig. 7 is used to illustrate the functioning of a
medical apparatus. Shown is a sketch of a catheter 700
with a number of transducer elements 702 mounted on
the surface. For this example only the middle transducer
element 702 is activated. The line 704 outlines the rough
position of the radiation field from the ultrasound trans-
ducer 702. Within the ultrasound radiation field 704 mag-
netic resonance data has been acquired using an acous-
tic radiation force imaging protocol and the arrows 706
indicate a rough measure of displacement of tissue within
the subject due to ultrasound. By looking at the magni-
tude of the arrow 706 it can be determined that the max-
imum deposition is at point 708. This may then be deter-
mined to be an energy deposition zone.

[0066] In addition to locating the maximum regions of
the radiation field 704 can also be identified. For instance
there is a beam path between the transducer element
702 and the maximum 708. Closer to the element 702 is
the near field 712 of the ultrasound radiation field. In ad-
dition to just telling the maximum there is a large amount
of information which will be descriptive of how the energy
will be distributed to the subject by the transducer ele-
ments 702 when a sonication is performed. Such meas-
urements can be performed for a single element, multiple
elements, or even at different frequencies. For instance
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a map such as shown in Fig. 7 could be repeated for a
variety of frequencies and this could be used then for
accurately targeting ultrasound using the catheter 700.

[0067] Fig. 8 shows a further example of the catheter
700. In this example the ultrasound is generated by the
three middle transducer elements 702. Again the energy
deposition zone 708 can be seen. In addition a target
zone 800 is marked on the diagram. This Fig. shows that
the deposition zone 708 is not necessarily in the proper
position for the target zone 800. Such a diagram could
be displayed on the display of the medical instrument
and can be used as a guide for a physician or other op-
erator to position the catheter better or else also elec-
tronic steering techniques may be used, for instance dif-
ferent of the transducer elements 702 could be activated,
or also the phase and/or frequency of the ultrasound gen-
erated could be changed such that the energy deposition
zone 708 more closely matches the position of the target
zone 800.

[0068] Acoustic radiation force imaging (ARFI) may be
used for evaluating the acoustic environment and esti-
mate the thermal damage that a sonication is likely to
inflict without actually inducing any damage. This in turn
allows for fine tuning the procedure before ablation that
might further improve the safety and efficacy of the treat-
ment.

[0069] HIFU therapy of prostate cancer is increasingly
being used as a non-invasive alternative with the poten-
tial to reduce side effects such as impotence and incon-
tinence, while still offering an efficient treatment. Most
procedures to date have been made under ultrasound
guidance. MR guidance offers several advantages such
as temperature imaging, but also offers improvements
during the planning stage.

[0070] One of the improvements that MRI offers is the
potential to use acoustic radiation force imaging (ARFI)
in the pre-planning step of these prostate cancer thera-
pies. HIFU therapy of the prostate can be done either
trans-rectal or sonicating through the rectal wall, or the
HIFU device is transurethral and sonication occurs
through the urethra wall. ARFImay in both cases be used
with only minor total energy to ensure acoustic coupling
from the HIFU device to the prostate. This is particularly
a concern for trans-rectal HIFU as the rectal wall is very
sensitive and may be damaged if the contact is poor,
which would result in a local absorption of the HIFU en-
ergy potentially resulting in damaging of the rectal wall.
This is less of a problem for the urethra, but will never-
theless hamper therapy if energy cannot be transmitted
to where it should.

[0071] Often, HIFU therapy of prostate cancer is done
as a whole gland therapy where the entire prostate is
ablated. If the location of the cancer can be determined
successfully within the prostate gland (a topic of active
research in the MRl community) one can also do so called
focal therapy where only the parts of the prostate thought
to have cancer are treated. This is likely to reduce mor-
bidity even further.
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[0072] Another advantage given by ARFI, is that the
pressure field can be estimated via the radiation force
that the HIFU exerts on the tissue. The local pressure
field is also the mechanisms via which the HIFU heats
the tissue. Hence, an estimate of the distribution of the
pressure field will give an idea of the distribution of the
heating that may result. This can be used for improving
the understanding of what is likely to happen close to
sensitive structures such as the rectal wall, and in par-
ticular the nerve bundles (which are thought to control
the penile functionality as well as bladder functionality).
Moreover, if the transducer is capable of generating dif-
ferent frequencies the pressure fields of these different
frequencies may be evaluated and compared using this
ARFI method. This may aid in choosing the most appro-
priate frequency for the different parts of the prostate,
thereby providing an even further improved safety.
[0073] Both piezo- and CMUT transducers can benefit
from ARFI, although CMUTs can also have the benefit
of optimizing the pressure field near the sensitive struc-
tures so that if cancer is found close to the nerve bundles
(for example) the transducer angulation (CMUTSs can be
made mechanically steerable that is they can be control-
lably bent), frequency, and phase of the elements can
be chosen so as for the pressure field to be high near
the edge of the prostate but drop as fast as possible to-
wards the sensitive nerve bundles.

[0074] ARFI of the prostate would allow for validating
the acoustic path. For example, for a transurethral device
(normally only around 10 elements whose individual
pressure fields can be seen) one would expect to find
some radiation force being exerted at the front face of
each element. If not or there is a large difference between
the elements, then there is likely an air pocket or similar
within the urethra or catheter preventing the transducer
element from performing as well as it could. This could
damage the urethra (not such a big problem), damage
the transducer, or lead to a suboptimal therapy if the prob-
lem is not seen and fixed. For the transrectal device, the
benefits are outlined above.

[0075] The therapy planning would further be aided by
allowing for a better understanding of the pressure field,
and if the frequency can be changed then which frequen-
cy might be best suited to ablate which parts of the pros-
tate. This is important for whole gland therapies as one
would ideally like to fully ablate all of the prostate but
nothing outside of the prostate (particularly not the nerve
bundles). For focal therapy, one can analyse the different
focal regions to be ablated separately.

[0076] All this can be done with ARFI at a fraction of
the energy that would be needed for a test sonication.
Also, ARFI can be done much more rapidly than a test
sonication.

[0077] In one example, the sonication can be coupled
with motion sensitizing gradients one can obtain a dis-
placement image. Often, another image is needed with
inverse motion sensitizing gradients in order to remove
background information. These displacement values are
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dependent on the local radiation force, which are in turn
dependent on the local pressure field.

[0078] While embodiments in accordance with the in-
vention, and aspects of the disclosure have been illus-
trated and described in detail in the drawings and fore-
going description, such illustration and description are to
be considered illustrative or exemplary and not restric-
tive; the invention is not limited to the disclosed embod-
iments.

[0079] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an"does not exclude a plurality. A single processor
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate thata combination of these measured cannot
be used to advantage. A computer program may be
stored/distributed on a suitable medium, such as an op-
tical storage medium or a solid-state medium supplied
together with or as part of other hardware, but may also
be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

LIST OF REFERENCE NUMERALS

[0080]

300 medical apparatus

302 magnetic resonance imaging system
304 magnet

306  bore of magnet

308 magnetic field gradient coll

310  magnetic field gradient coil power supply
312  antenna

314  transceiver

316  imaging zone

318  subject

320  subject support

322  ultrasonic system

324  catheter

326  energy deposition zone

330 computer

332  hardware interface

334  processor

336  userinterface

338 computer storage

340 computer memory

342  treatment plan

344  target zone

346  pulse sequence

348 magnetic resonance data

350 acoustic radiation force image
352  location of energy deposition zone
354  control module

356  image reconstruction module

358 image processing module



400
402

404

406
408
410
412
414
416
418
420
422
424
426
500
502
504
506
508
510
600
602
604
605
606
608
700
702
704
706
708
710
712
800
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piezo element

array of capacitive micromachined ultrasound
transducers

array of capacitive micromachined ultrasound
transducers

electrical connections

first electrical connection

second electrical connection

blowup view of array 402

capacitive micromachined ultrasound transducer
set of first electrical connections

set of second electrical connections

blowup view of array 404

capacitive micromachined ultrasound transducer
first electrical connection

second electrical connection

top view

side view

catheter

flat surface

ultrasound transducers

electrical connections

distal end of catheter

forward looking ring array

sideward looking array

shaft

electrical connection

hole

catheter

transducer elements

ultrasound radiation field

displacement data

energy deposition zone

beam path

near field

target zone

Claims

1.

A medical apparatus (300) comprising:

* a magnetic resonance imaging system (302)
for acquiring magnetic resonance data (348)
from a subject (318);

* an ultrasonic system (322) operable for con-
necting to a catheter (324, 504, 600) with an
ultrasound array (400, 402, 404, 508, 602, 604),
comprising multiple ultrasound elements, each
of the multiple ultrasound elements being oper-
able for producing ultrasound at multiple fre-
quencies and wherein the ultrasonic system is
operable for driving the ultrasound array;
+amemory (340) for storing machine executable
instructions (354, 356, 358);

+ a processor (334) for controlling the medical
apparatus, wherein execution of the machine
executable instructions cause the processor to:
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- control (100, 202) the ultrasonic system to
generate at least one acoustic radiation im-
pulse with the ultrasonic system, wherein
the generated ultrasound energy is below a
predetermined level,

- acquire (102, 204) the magnetic reso-
nance data by controlling the magnetic res-
onance imaging system with a pulse se-
quence (346) at least partially during the
generation of the at least one acoustic ra-
diation impulse, wherein the pulse se-
quence is an acoustic radiation force imag-
ing pulse sequence;

- reconstruct (104, 206) at least one acous-
tic radiation force pulse image using the
magnetic resonance data; and

- determine (106, 208) an energy deposition
zone for the catheter using at least partially
the at least one acoustic radiation force
pulse image and accurately target or direct
the ultrsound array to deposit ultrasound
energy into a target zone within the subject
by controlling the phases of the ultrasound
elements and, wherein the ultrasonic sys-
tem is operable for controlling each of the
ultrasound elements to generate ultrasound
at the multiple frequencies, wherein the at
least one acoustic radiation impulse com-
prises multiple impulses with ultrasound
generated using at least some of the multi-
ple frequencies, wherein execution of the
instructions causes the processor to recon-
struct multiple acoustic radiation force pulse
images using magnetic resonance data ac-
quired at least partially during the multiple
pulses, wherein the execution of the ma-
chine executable instructions further cause
the processor to receive (200) a treatment
plan descriptive of a target zone within the
subject, and wherein the energy deposition
zone is further determined at least partially
using the multiple radiation force pulse im-
ages, and wherein execution of the instruc-
tions further cause the processor to to de-
termine (210) a sonication frequency for
each of the ultrasound elements to control
the location of the energy deposition zone
such that the energy deposition zone over-
laps with the target zone.

The medical apparatus of claim 1, wherein the mul-
tiple ultrasound elements comprise at least one ca-
pacitive micromachined ultrasonic transducer array
(402, 404).

The medical apparatus of claim 2, wherein the ultra-
sonic system is operable for adjusting the focus of
the at least one capacitive micromachined ultrasonic
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transducer array by controlling the phase of a elec-
trical power supplied to capacitive elements of the
at least one capacitive micromachined ultrasonic
transducer, wherein execution of the machine exe-
cutable instructions causes the processor to control
the phase of electrical power supplied to capacitive
elements of the at least one capacitive microma-
chined ultrasonic transducer to control the location
of the energy deposition zone.

The medical apparatus of any one of claims 1, 2 or
3, wherein the multiple ultrasound elements com-
prise piezoelectric transducers.

The medical apparatus of any one of any one of
claims 1 to 4, wherein the ultrasonic system is oper-
able for controlling the phase of electrical power sup-
plied to the ultrasound array, wherein execution of
the machine executable instructions further causes
the processor to adjust phase of multiple ultrasound
transducer elements to modify the location of the en-
ergy deposition zone to match the target zone.

The medical apparatus of any one of any one of the
preceding claims, wherein execution of the instruc-
tions causes the processor to control the ultrasonic
system to generate ultrasound above the predeter-
mined threshold in the energy deposition zone.

The medical apparatus of any one of any one of the
preceding claims, wherein execution of the machine
executable instructions further causes the processor
to perform a beam path evaluation using the at least
one acoustic radiation force pulse image.

The medical apparatus of any one of any one of the
preceding claims, wherein execution of the machine
executable instructions further causes the processor
to determine a distance between the energy depo-
sition zone and a predetermined volume in the sub-
ject.

The medical apparatus of any one of the preceding
claims, wherein the medical apparatus comprises
the catheter.

The medical apparatus of claim 9 wherein the cath-
eter is any one of the following: a transurethral cath-
eter, interstitial catheter and an esophageal catheter.

A method of operating a medical apparatus (300),
wherein the medical apparatus comprises a magnet-
ic resonance imaging system (302) for acquiring
magnetic resonance data (348) from a subject (318),
wherein the medical apparatus further comprises an
ultrasonic system (322) operable for connecting to
a catheter (324, 504, 600) with an ultrasound array
(400, 402, 404, 508, 602, 604), comprising multiple
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12.

13.

22

ultrasound elements, each of the multiple ultrasound
elements being operable for producing ultrasound
at multiple frequencies and wherein the ultrasonic
system is operable for driving the ultrasound array,
wherein the method comprises the steps of:

- controlling (100, 102) the ultrasonic system to
generate at least one acoustic radiation impulse
with the ultrasonic system, wherein the gener-
ated ultrasound energy is below a predeter-
mined level, such that the generated ultrasonic
energy does not cause damage locally in the
subject;

- acquiring (102, 204) the magnetic resonance
data by controlling the magnetic resonance im-
aging system with a pulse sequence atleast par-
tially during the generation of the at least one
acoustic radiation impulse, wherein the pulse
sequence is an acoustic radiation force imaging
pulse sequence;

- reconstructing (104, 206) at least one acoustic
radiation force pulse image using the magnetic
resonance data; and

- determining (106, 208) an energy deposition
zone for the catheter using at least partially the
at least one acoustic radiation force pulse im-
age,

- controlling each of the ultrasound elements to
generate ultrasound at the multiple frequencies,
- generate multiple impulses with ultrasound us-
ing at least some of the multiple frequencies,
wherein execution of the instructions causes the
processor to reconstruct multiple acoustic radi-
ation force pulse images using magnetic reso-
nance data acquired at least partially during the
multiple pulses,

- receive (200) a treatment plan descriptive of a
target zone within the subject, and wherein the
energy deposition zone is further determined at
least partially using the multiple radiation force
pulse images, and

- determine (210) a sonication frequency for
each of the ultrasound elements for controlling
the location of the energy deposition zone such
that the energy deposition zone overlaps with
the target zone when a sonication is performed.

The method of claim 11, wherein the method further
comprises the step of determining a distance be-
tween the energy deposition zone and a predeter-
mined volume in the subject.

A computer program product comprising machine
executable instructions (354, 356, 358) for execution
by a processor (334) controlling a medical apparatus
(300), wherein the medical apparatus comprises a
magnetic resonance imaging system (302) for ac-
quiring magnetic resonance data (348) from a sub-
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ject (318), wherein the medical apparatus further
comprises an ultrasonic system (322) operable for
connecting to a catheter (324, 504, 600) with an ul-
trasound array (400, 402, 404, 508, 602, 604), com-
prising multiple ultrasound elements, each of the
multiple ultrasound elements being operable for pro-
ducing ultrasound at multiple frequencies and
wherein the ultrasonic system is operable for driving
the ultrasound array, wherein execution of the ma-
chine executable instructions cause the processor
to:

- control (100, 102) the ultrasonic system to gen-
erate atleastone acoustic radiation impulse with
the ultrasonic system, wherein the generated ul-
trasound energy is below a predetermined level;
-acquire (102, 204) the magnetic resonance da-
ta by controlling the magnetic resonance imag-
ing system with a pulse sequence (346) at least
partially during the generation of the atleast one
acoustic radiation impulse, wherein the pulse
sequence is an acoustic radiation force imaging
pulse sequence;

- reconstruct (104, 206) at least one acoustic
radiation force pulse image using the magnetic
resonance data; and

- determine (106, 208) an energy deposition
zone for the catheter using at least partially the
atleast one acoustic radiation force pulse image
controlling each of the ultrasound elements to
generate ultrasound at the multiple frequencies,
- generate multiple impulses with ultrasound us-
ing at least some of the multiple frequencies,
wherein execution of the instructions causes the
processor to reconstruct multiple acoustic radi-
ation force pulse images using magnetic reso-
nance data acquired at least partially during the
multiple pulses,

- receive (200) a treatment plan descriptive of a
target zone within the subject, and wherein the
energy deposition zone is further determined at
least partially using the multiple radiation force
pulse images, and

- determine (210) a sonication frequency for
each of the ultrasound elements to control the
location of the energy deposition zone such that
the energy deposition zone overlaps with the tar-
get zone.

Patentanspriiche

1. Medizinische Vorrichtung (300), aufweisend:
+ ein Magnetresonanz-Bildgebungssystem
(302) zum Erfassen von Magnetresonanzdaten

(348) von einem Patienten (318);
« ein Ultraschallsystem (322), das in der Weise
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betreibbarist, sich miteinem Katheter (324, 504,
600) mit einer Ultraschallanordnung (400, 402,
404, 508, 602, 604) zu verbinden, die mehrere
Ultraschallelemente aufweist, wobei jedes der
mehreren Ultraschallelemente zum Erzeugen
von Ultraschall bei mehreren Frequenzen be-
treibbar ist, und wobei das Ultraschallsystem
zum Ansteuern der Ultraschallanordnung be-
treibbar ist;

« einen Speicher (340) zum Speichern von ma-
schinenausflihrbaren Anweisungen (354, 356,
358);

« einen Prozessor (334) zum Steuern der medi-
zinischen Vorrichtung, wobei die Ausfiihrung
der maschinenausfiihrbaren Anweisungen den
Prozessor zu Folgendem veranlasst:

- Steuern (100, 202) des Ultraschallsys-
tems, um mit dem Ultraschallsystem min-
destens einen akustischen Abstrahlimpuls
zu erzeugen, wobei die erzeugte Ultra-
schallenergie unter einem vorbestimmten
Pegel liegt;

- Erfassen (102, 204) der Magnetresonanz-
daten durch Steuern des Magnetresonanz-
Bildgebungssystems mit einer Pulsse-
quenz (346) wenigstens teilweise wahrend
der Erzeugung des mindestens einen akus-
tischen Abstrahlimpulses, wobei es sich bei
der Pulssequenz um eine akustische Ab-
strahlkraft-Bildgebungs-Pulssequenz han-
delt;

- Rekonstruieren (104, 206) von mindes-
tens einer akustischen Abstrahlkraft-Im-
pulsabbildung unter Verwendung der Mag-
netresonanzdaten; und

- Bestimmen (106, 208) einer Energiebe-
aufschlagungszone fiir den Katheter unter
wenigstens teilweiser Verwendung der min-
destens einen akustischen Abstrahlkraft-
Impulsabbildung und genaues Zielen oder
Lenken der Ultraschallanordnung, um Ul-
traschallenergie in einen Zielbereich im Pa-
tienten durch Steuern der Phasen der Ul-
traschallelemente einzubringen, und wobei
das Ultraschallsystem zum Steuern jedes
der Ultraschallelemente betreibbar ist, um
Ultraschall bei den mehreren Frequenzen
zu erzeugen, wobei der wenigstens eine
akustische Abstrahlimpuls mehrere Impul-
se mit Ultraschall umfasst, der unter Ver-
wendung wenigstens einiger der mehreren
Frequenzen erzeugt wird, wobei die Aus-
fuhrung der Anweisungen den Prozessor
dazu veranlasst, mehrere akustische Ab-
strahlkraft-Impulsabbildungen unter Ver-
wendung von Magnetresonanzdaten zu re-
konstruieren, die wenigstens teilweise wah-



25

rend der mehreren Pulse erfasst wurden,
wobei die Ausfiihrung der maschinenaus-
fihrbaren Anweisungen den Prozessor
dariiber hinaus dazu veranlasst, einen Be-
handlungsplan zu empfangen (200), der ei-
nen Zielbereich im Patienten beschreibt,
und wobei die Energiebeaufschlagungszo-
ne des Weiteren wenigstens teilweise unter
Verwendung der mehreren Abstrahlkraft-
Impulsabbildungen bestimmtist, und wobei
die Ausfiihrung der Anweisungen den Pro-
zessor dariiber hinaus dazu veranlasst, ei-
ne Beschallungsfrequenz fiir jedes der Ul-
traschallelemente zu bestimmen (210), um
die Lage der Energiebeaufschlagungszone
in der Art zu steuern, dass sich die Energie-
beaufschlagungszone mit dem Zielbereich
deckt.

Medizinische Vorrichtung nach Anspruch 1, wobei
die mehreren Ultraschallelemente wenigstens eine
kapazitive, mikromechanisch bearbeitete Ultra-
schallwandleranordnung (402, 404) aufweisen.

Medizinische Vorrichtung nach Anspruch 2, wobei
das Ultraschallsystem zum Einstellen des Fokus der
mindestens einen kapazitiven, mikromechanisch
bearbeiteten Ultraschallwandleranordnung betreib-
bar ist, indem die Phase einer elektrischen Energie
gesteuert wird, die kapazitiven Elementen des min-
destens einen kapazitiven, mikromechanisch bear-
beiteten Ultraschallwandlers zugefiihrt wird, wobei
die Ausfiihrung der maschinenausfiihrbaren Anwei-
sungen den Prozessor dazu veranlasst, die Phase
der elektrischen Energie zu steuern, die kapazitiven
Elementen des mindestens einen kapazitiven, mi-
kromechanisch bearbeiteten Ultraschallwandlers
zugeflhrt wird, um die Lage der Energiebeaufschla-
gungszone zu steuern.

Medizinische Vorrichtung nach einem der Anspri-
che 1, 2 oder 3, wobei die mehreren Ultraschallele-
mente piezoelektrische Umwandler aufweisen.

Medizinische Vorrichtung nach einem der Anspri-
che 1 bis 4, wobei das Ultraschallsystem zum Steu-
ern der Phase elektrischer Energie betreibbarist, die
der Ultraschallanordnung zugefiihrt wird, wobei die
Ausfuhrung der maschinenausfiihrbaren Anweisun-
gen den Prozessor darliber hinaus dazu veranlasst,
die Phase von mehreren Ultraschallwandlerelemen-
ten einzustellen, um die Lage der Energiebeauf-
schlagungszone so zu modifizieren, dass sie mit
dem Zielbereich Ubereinstimmt.

Medizinische Vorrichtung nach einem der vorherge-
henden Anspriiche, wobei die Ausfiihrung der An-
weisungen den Prozessor dazu veranlasst, das Ul-
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traschallsystem so zu steuern, dass es Ultraschall
Uber dem vorbestimmten Schwellenwert in der En-
ergiebeaufschlagungszone erzeugt.

Medizinische Vorrichtung nach einem der vorherge-
henden Anspriiche, wobei die Ausfiihrung der ma-
schinenausfiihrbaren Anweisungen den Prozessor
daruber hinaus dazu veranlasst, unter Verwendung
der mindestens einen akustischen Abstrahlkraft-Im-
pulsabbildung eine Strahlwegauswertung vorzuneh-
men.

Medizinische Vorrichtung nach einem der vorherge-
henden Anspriiche, wobei die Ausfiihrung der ma-
schinenausfliihrbaren Anweisungen den Prozessor
daruber hinaus dazu veranlasst, eine Entfernung
zwischen der Energiebeaufschlagungszone und ei-
nem vorbestimmten Volumen im Patienten zu be-
stimmen.

Medizinische Vorrichtung nach einem der vorherge-
henden Anspriiche, wobei die medizinische Vorrich-
tung den Katheter aufweist.

Medizinische Vorrichtung nach Anspruch 9, wobei
es sich bei dem Katheter um einen der folgenden
handelt: einen transurethralen Katheter, einen inter-
stitiellen Katheter oder einen 6ésophagealen Kathe-
ter.

Verfahren zum Betreiben einer medizinischen Vor-
richtung (300), wobei die medizinische Vorrichtung
ein Magnetresonanz-Bildgebungssystem (302) zum
Erfassen von Magnetresonanzdaten (348) von ei-
nem Patienten (318) aufweist, wobei die medizini-
sche Vorrichtung dartber hinaus ein Ultraschallsys-
tem (322) umfasst, das in der Weise betreibbar ist,
sich mit einem Katheter (324, 504, 600) mit einer
Ultraschallanordnung (400, 402, 404, 508, 602, 604)
zu verbinden, die mehrere Ultraschallelemente auf-
weist, wobei jedes der mehreren Ultraschalfelemen-
te zum Erzeugen von Ultraschall bei mehreren Fre-
quenzen betreibbar ist, und wobei das Ultraschall-
system zum Ansteuern der Ultraschallanordnung
betreibbar ist, wobei das Verfahren die folgenden
Schritte umfasst:

- Steuern (100, 102) des Ultraschallsystems, um
mit dem Ultraschallsystem mindestens einen
akustischen Abstrahlimpuls zu erzeugen, wobei
die erzeugte Ultraschallenergie unter einem vor-
bestimmten Pegel liegt, derart, dass die erzeug-
te Ultraschallenergie lokal keinen Schaden im
Patienten verursacht;

-Erfassen (102, 204) der Magnetresonanzdaten
durch Steuern des Magnetresonanz-Bildge-
bungssystems mit einer Pulssequenz wenigs-
tens teilweise wahrend der Erzeugung des min-
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destens einen akustischen Abstrahlimpulses,
wobei es sich bei der Pulssequenz um eine
akustische Abstrahlkraft-Bildgebungs-Pulsse-
quenz handelt;

- Rekonstruieren (104, 206) mindestens einer
akustischen Abstrahlkraft-Impulsabbildung un-
ter Verwendung der Magnetresonanzdaten;
und

- Bestimmen (106, 208) einer Energiebeauf-
schlagungszone fiir den Katheter unter wenigs-
tens teilweiser Verwendung der mindestens ei-
nen akustischen Abstrahlkraft-Impulsabbil-
dung,

- Steuern jedes der Ultraschallelemente, um Ul-
traschall bei den mehreren Frequenzen zu er-
zeugen,

- Erzeugen mehrerer Impulse mit Ultraschall un-
ter Verwendung wenigstens einiger der mehre-
ren Frequenzen, wobei die Ausfiihrung der An-
weisungen den Prozessor dazu veranlasst,
mehrere akustische Abstrahlkraft-Impulsabbil-
dungen unter Verwendung von Magnetreso-
nanzdaten zu rekonstruieren, die wenigstens
teilweise wahrend der mehreren Pulse erfasst
wurden,

- Empfangen (200) eines Behandlungsplans,
der einen Zielbereich im Patienten beschreibt,
und wobei die Energiebeaufschlagungszone
dartber hinaus wenigstens teilweise unter Ver-
wendung der mehreren Abstrahlkraft-Impulsab-
bildungen bestimmt wird, und

- Bestimmen (210) einer Beschallungsfrequenz
fur jedes der Ultraschallelemente zum Steuern
der Lage der Energiebeaufschlagungszone in
der Art, dass sich die Energiebeaufschlagungs-
zone mit dem Zielbereich deckt, wenn eine Be-
schallung vorgenommen wird.

Verfahren nach Anspruch 11, wobei das Verfahren
dartiber hinaus den Schritt umfasst, eine Entfernung
zwischen der Energiebeaufschlagungszone und ei-
nem vorbestimmten Volumen im Patienten zu be-
stimmen.

Computerprogrammprodukt mit maschinenausfihr-
baren Anweisungen (354, 356, 358) zur Ausfiihrung
durch einen Prozessor (334), der eine medizinische
Vorrichtung (300) steuert, wobei die medizinische
Vorrichtung ein Magnetresonanz-Bildgebungssys-
tem (302) zum Erfassen von Magnetresonanzdaten
(348) von einem Patienten (318) aufweist, wobei die
medizinische Vorrichtung darliber hinaus ein Ultra-
schallsystem (322) umfasst, das in der Weise be-
treibbar ist, sich mit einem Katheter (324, 504, 600)
mit einer Ultraschallanordnung (400, 402, 404, 508,
602, 604) zu verbinden, die mehrere Ultraschallele-
mente aufweist, wobei jedes der mehreren Ultra-
schallelemente zum Erzeugen von Ultraschall bei
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mehreren Frequenzen betreibbar ist, und wobei das
Ultraschallsystem zum Ansteuern der Ultraschalla-
nordnung betreibbar ist, wobei die Ausfiihrung der
maschinenausfiihrbaren Anweisungen den Prozes-
sor zu Folgendem veranlasst:

- Steuern (100, 102) des Ultraschallsystems, um
mit dem Ultraschallsystem mindestens einen
akustischen Abstrahlimpuls zu erzeugen, wobei
die erzeugte Ultraschallenergie unter einem vor-
bestimmten Pegel liegt;

-Erfassen (102, 204) der Magnetresonanzdaten
durch Steuern des Magnetresonanz-Bildge-
bungssystems mit einer Pulssequenz (346) we-
nigstens teilweise wahrend der Erzeugung des
mindestens einen akustischen Abstrahlimpul-
ses, wobei es sich bei der Pulssequenz um eine
akustische Abstrahlkraft-Bildgebungs-Pulsse-
quenz handelt;

- Rekonstruieren (104, 206) mindestens einer
akustischen Abstrahlkraft-lmpulsabbildung un-
ter Verwendung der Magnetresonanzdaten;
und

- Bestimmen (106, 208) einer Energiebeauf-
schlagungszone fiir den Katheter unter wenigs-
tens teilweiser Verwendung der mindestens ei-
nen akustischen Abstrahlkraft-Impulsabbil-
dung,

- Steuern jedes der Ultraschallelemente, um Ul-
traschall bei den mehreren Frequenzen zu er-
zeugen,

- Erzeugen mehrerer Impulse mit Ultraschall un-
ter Verwendung wenigstens einiger der mehre-
ren Frequenzen, wobei die Ausfiihrung der An-
weisungen den Prozessor dazu veranlasst,
mehrere akustische Abstrahlkraft-Impulsabbil-
dungen unter Verwendung von Magnetreso-
nanzdaten zu rekonstruieren, die wenigstens
teilweise wahrend der mehreren Pulse erfasst
wurden,

- Empfangen (200) eines Behandlungsplans,
der einen Zielbereich im Patienten beschreibt,
und wobei die Energiebeaufschlagungszone
dartiber hinaus wenigstens teilweise unter Ver-
wendung der mehreren Abstrahlkraft-Impulsab-
bildungen bestimmt wird, und

- Bestimmen (210) einer Beschallungsfrequenz
fur jedes der Ultraschallelemente zum Steuern
der Lage der Energiebeaufschlagungszone in
der Art, dass sich die Energiebeaufschlagungs-
zone mit dem Zielbereich deckt.

Revendications

Appareil médical (300) comprenant :

- un systéme d’'imagerie a résonance magnéti-
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que (302) pour faire l'acquisition des données
de résonance magnétique (348) provenant d’'un
sujet (318) ;

- un systeme ultrasonique (322) pouvant étre
actionné pour se connecter a un cathéter (324,
504, 600) avec une matrice a ultrasons (400,
402, 404, 508, 602, 604), comprenant de multi-
ples éléments ultrasoniques, chacun des multi-
ples éléments ultrasoniques pouvant étre ac-
tionné pour produire un ultrason a de multiples
fréquences et dans lequel le systéme ultrasoni-
que peut étre actionné pour I'entrainement de
la matrice a ultrasons ;

- une mémoire (340) pour mémoriser des ins-
tructions exécutables par machine (354, 356,
358) ;

- un processeur (334) pour commander 'appa-
reil médical, dans lequel I'exécution des instruc-
tions exécutables par machine améne le pro-
cesseur a :

- commander (100, 202) le systeme ultrasoni-
que pour générer au moins une impulsion de
rayonnement acoustique avec le systéme ultra-
sonique, dans lequel I'énergie ultrasonique gé-
nérée est en dessous dun niveau
prédéterminé ;

- faire I'acquisition (102, 204) des données de
résonance magnétique en commandant le sys-
teme d’'imagerie a résonance magnétique avec
une séquence d’impulsions (346) au moins en
partie pendant la génération de I'au moins une
impulsion de rayonnement acoustique, dans le-
quel la séquence d’impulsions est une séquen-
ce d’'impulsions d'imagerie a force de rayonne-
ment acoustique ;

- reconstruire (104, 206) au moins une image
d’'impulsion a force de rayonnement acoustique
a laide des données de résonance
magneétique ; et

- déterminer (106, 208) une zone de dépdbt
d’énergie pour le cathéter a I'aide au moins en
partie de 'au moins une image d’impulsion a
force de rayonnement acoustique et cibler ou
diriger précisément la matrice a ultrasons pour
déposerl'énergie ultrasonique al’intérieur d’'une
zone cible a l'intérieur du sujet en commandant
les phases des éléments ultrasoniques et dans
lequel le systeme ultrasonique peut étre action-
né pour commander chacun des éléments ultra-
soniques pour générer des ultrasons aux multi-
ples fréquences, dans lequel I'au moins une im-
pulsion de rayonnement acoustique comprend
de multiples impulsions avec des ultrasons gé-
nérés a l'aide d’au moins une partie des multi-
ples fréquences, dans lequel I'exécution des
instructions ameéne le processeur a reconstruire
de multiples images d’impulsion a force de
rayonnement acoustique a l'aide des données
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de résonance magnétique acquises au moins
en partie pendant les multiples impulsions, dans
lequel I'exécution des instructions exécutables
par machine améne en outre le processeur a
recevoir (200) un plan de traitement décrivant
une zonecible al'intérieur du sujet etdans lequel
la zone de dépdt d’énergie est en outre déter-
minée au moins en partie a 'aide des images
d’'impulsion a force de rayonnement multiple et
dans lequel I'exécution des instructions amene
en outre le processeur a déterminer (210) une
fréquence de sonication pour chacun des élé-
ments ultrasoniques pour commander I'empla-
cement de la zone de dépbt d’énergie de telle
sorte que la zone de dép6t d’énergie se chevau-
che avec la zone cible.

Appareil médical selon la revendication 1, dans le-
quel les multiples éléments ultrasoniques compren-
nent au moins une matrice de transducteur ultraso-
nique micro-usiné capacitif (402, 404).

Appareil médical selon la revendication 2, dans le-
quel le systeme ultrasonique peut étre actionné pour
régler le foyer de 'au moins une matrice de trans-
ducteur ultrasonique micro-usiné capacitif en com-
mandant la phase des éléments capacitifs alimentés
en courant électrique de I'au moins un transducteur
ultrasonique micro-usiné capacitif, dans lequel I'exé-
cution des instructions exécutables par machine
ameéne le processeur a commander la phase des
éléments capacitifs alimentés en courant électrique
de 'au moins un transducteur ultrasonique micro-
usiné capacitif pour commander I'emplacement de
la zone de dépét d’énergie.

Appareil médical selon I'une quelconque des reven-
dications 1, 2 ou 3, dans lequel les multiples élé-
ments ultrasoniques comprennent des piézotrans-
ducteurs électriques.

Appareil médical selon I'une quelconque des reven-
dications 1 a 4, dans lequel le systéme ultrasonique
peut étre actionné pour commander la phase du cou-
rant électrique alimentant la matrice a ultrasons,
dans lequel I'exécution des instructions exécutables
par machine améne en outre le processeur aréguler
la phase des multiples éléments de transducteur
pour ultrasons pour modifier 'emplacement de la zo-
ne de dépét d’énergie afin de correspondre avec la
zone cible.

Appareil médical selon I'une quelconque des reven-
dications précédentes, dans lequel I'exécution des
instructions améne le processeur a commander le
systéme ultrasonique pour générer des ultrasons
au-dessus du seuil prédéterminé dans la zone de
dépdt d’énergie.
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Appareil médical selon I'une quelconque des reven-
dications précédentes, dans lequel I'exécution des
instructions exécutables par machine améne en
outre le processeur a effectuer une évaluation de
chemin de faisceau a I'aide de I'au moins une image
d’'impulsion a force de rayonnement acoustique.

Appareil médical selon I'une quelconque des reven-
dications précédentes, dans lequel I'exécution des
instructions exécutables par machine améne en
outre le processeur a déterminer une distance entre
la zone de dép6t d’énergie et un volume prédéter-
miné dans le sujet.

Appareil médical selon I'une quelconque des reven-
dications précédentes, dans lequel I'appareil médi-
cal comprend le cathéter.

Appareil médical selon la revendication 9, dans le-
quel le cathéter est un des cathéters suivants : un
cathéter transurétral, un cathéter interstitiel et un ca-
théter oesophagien.

Procédé d'utilisation d’'un appareil médical (300),
dans lequel'appareil médical comprend un systeme
d’'imagerie a résonance magnétique (302) pour faire
I'acquisition des données de résonance magnétique
(348) provenant d’'un sujet (318), dans lequel I'ap-
pareil médical comprend en outre un systéme ultra-
sonique (322) pouvant étre actionné pour se con-
necter a un cathéter (324, 504, 600) avec une ma-
trice a ultrasons (400, 402, 404, 508, 602, 604), com-
prenant de multiples éléments ultrasoniques, cha-
cun des multiples éléments ultrasoniques pouvant
étre actionné pour produire un ultrason a de multi-
ples fréquences et dans lequel le systéme ultraso-
nique peut étre actionné pour I'entrainement de la
matrice a ultrasons, dans lequel le procédé com-
prend les étapes consistant a :

- commander (100, 102) le systéme ultrasoni-
que pour générer au moins une impulsion de
rayonnement acoustique avec le systéme ultra-
sonique, dans lequel I'énergie ultrasonique gé-
nérée estendessous d’un niveau prédéterming,
detelle sorte que I'énergie ultrasonique générée
ne provoque pas localement de dommages
dans le sujet ;

- faire I'acquisition (102, 204) des données de
résonance magnétique en commandant le sys-
teme d’'imagerie a résonance magnétique avec
une séquence d'impulsions au moins en partie
pendant la génération de 'au moins une impul-
sion de rayonnement acoustique, dans lequel la
séquence d’impulsions est une séquence d’'im-
pulsions d’imagerie a force de rayonnement
acoustique ;

- reconstruire (104, 206) au moins une image
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d’'impulsion a force de rayonnement acoustique
a laide des données de résonance
magnétique ; et

- déterminer (106, 208) une zone de dép6tt
d’énergie pour le cathéter a I'aide au moins en
partie de I'au moins une image d’impulsion a
force de rayonnement acoustique ;

- commander chacun des éléments ultrasoni-
ques pour générer des ultrasons aux multiples
fréquences ;

- générer de multiples impulsions avec ultrason
a l'aide d’au moins une partie des multiples fré-
quences, dans lequel I'exécution des instruc-
tions améne le processeur a reconstruire de
multiples images d’impulsion a force de rayon-
nement acoustique a I'aide des données de ré-
sonance magnétique acquises au moins en par-
tie pendant les multiples impulsions ;

- recevoir (200) un plan de traitement décrivant
une zonecible al'intérieur du sujet etdans lequel
la zone de dépdt d’énergie est en outre déter-
minée au moins en partie a 'aide des images
d’'impulsion a force de rayonnement multiple ; et
- déterminer (210) une fréquence de sonication
pour chacun des éléments ultrasoniques pour
commander 'emplacement de la zone de dépbt
d’énergie de telle sorte que la zone de dép6bt
d’énergie se chevauche avec la zone cible lors
d’une sonication.

Procédé selon la revendication 11, dans lequel le
procédé comprend en outre I'étape de détermination
d’'une distance entre la zone de dépét d’énergie et
un volume prédéterminé dans le sujet.

Produit de programme informatique comprenant les
instructions exécutables par machine (354, 356,
358) a exécuter par un processeur (334) comman-
dantun appareil médical (300), dans lequel I'appareil
meédical comprend un systéme d’imagerie a réso-
nance magnétique (302) pour faire I'acquisition des
données de résonance magnétique (348) provenant
d’'un sujet (318), dans lequel I'appareil médical com-
prend en outre un systéme ultrasonique (322) pou-
vant étre actionné pour se connecter a un cathéter
(324, 504, 600) avec une matrice a ultrasons
(400,402,404, 508, 602,604), comprenant de multi-
ples éléments ultrasoniques, chacun des multiples
éléments ultrasoniques pouvant étre actionné pour
produire un ultrason a de multiples fréquences et
dans lequel le systéme ultrasonique peut étre ac-
tionné pour I'entrainement de la matrice a ultrasons,
dans lequel I'exécution des instructions exécutables
par machine améne le processeur a :

-commander (100,102) le systéme ultrasonique
pour générer au moins une impulsion de rayon-
nement acoustique avec le systéme ultrasoni-
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que, dans lequel I'énergie ultrasonique générée
est en dessous d’un niveau prédéterminé ;

- faire I'acquisition (102, 204) des données de
résonance magnétique en commandant le sys-
teme d’'imagerie a résonance magnétique avec
une séquence d’impulsions (346) au moins en
partie pendant la génération de I'au moins une
impulsion de rayonnement acoustique, dans le-
quel la séquence d’impulsions est une séquen-
ce d’'impulsions d'imagerie a force de rayonne-
ment acoustique ;

- reconstruire (104, 206) au moins une image
d’'impulsion a force de rayonnement acoustique
a laide des données de résonance
magneétique ; et

- déterminer (106, 208) une zone de dépdbt
d’énergie pour le cathéter a I'aide au moins en
partie de 'au moins une image d’impulsion a
force de rayonnement acoustique commandant
chacun des éléments ultrasoniques pour géné-
rer des ultrasons aux multiples fréquences ;

- générer de multiples impulsions avec ultrason
a l'aide d’au moins une partie des multiples fré-
quences, dans lequel I'exécution des instruc-
tions améne le processeur a reconstruire de
multiples images d’impulsion a force de rayon-
nement acoustique a I'aide des données de ré-
sonance magnétique acquises au moins en par-
tie pendant les multiples impulsions ;

- recevoir (200) un plan de traitement décrivant
une zone cible al'intérieur du sujet et dans lequel
la zone de dépobt d’énergie est en outre déter-
minée au moins en partie a I'aide des images
d’'impulsion a force de rayonnement multiple ; et
- déterminer (210) une fréquence de sonication
pour chacun des éléments ultrasoniques pour
commander I'emplacement de la zone de dépot
d’énergie de telle sorte que la zone de dépdbt
d’énergie se chevauche avec la zone cible.
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FIG. 1

Generate acoustic radiation impulse — 100

Acquire magnetic resonance data using acoustic 102
radiation force pulse imaging pulse sequence [

Reconstruct acoustic radiation force pulse image 104
using the magnetic resonance data T

Determine energy deposition zone using 106
acoustic radiation force pulse image T
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FIG. 2

Receive a target zone —— 200
Generate acoustic radiation impulses 202
at multiple frequencies T

Acquire magnetic resonance data
using acoustic radiation force | 204
pulse imaging pulse sequence

Reconstruct multiple acoustic radiation force
pulse images using — 206
the magnetic resonance data

Determine enegy deposition zone 208
using acoustic radiation force pulse images T

' Determine a sonication frequency for the transducer
elements using the frequency dependent — 210
enegy deposition zone and the target zone
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FIG. 5
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