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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to sys-
tems for performing noninvasive surgical procedures us-
ing focused ultrasound, and more particularly to systems
for reducing secondary hot spots created by a focused
ultrasound transducer array.

BACKGROUND

[0002] High intensity focused acoustic waves, such as
ultrasonic waves (acoustic waves with a frequency great-
er than about 20 kilohertz), may be used to therapeuti-
cally treat internal tissue regions within a patient. For ex-
ample, ultrasonic waves may be used to ablate tumors,
thereby obviating the need for invasive surgery. For this
purpose, piezoelectric transducers driven by electric sig-
nals to produce ultrasonic energy have been suggested
that may be placed external to the patient but in close
proximity to the tissue to be ablated. The transducer is
geometrically shaped and positioned such that the ultra-
sonic energy is focused at a "focal zone" corresponding
to a target tissue region within the patient, heating the
targettissue regionuntilthe tissue is necrosed. The trans-
ducer may be sequentially focused and activated at a
number of focal zones in close proximity to one another.
This series of sonications is used to cause coagulation
necrosis of an entire tissue structure, such as a tumor,
of a desired size and shape.

[0003] A spherical cap transducer array, such as that
disclosed in U.S. Patent No. 4,865,042 issued to
Umemura et al., has been suggested for this purpose.
This spherical cap transducer array includes a plurality
of concentric rings disposed on a curved surface having
a radius of curvature defining a portion of a sphere. The
concentric rings generally have equal surface areas and
may also be divided circumferentially into a plurality of
curved transducer elements or sectors, creating a sector-
vortex array. The transducer elements are driven by radio
frequency (RF) electrical signals at a single frequency
offset in phase and amplitude. In particular, the phase
and amplitude of the respective drive signals may be con-
trolled so as to focus the emitted ultrasonic energy at a
desired "focal distance," i.e., the distance from the trans-
ducerto the center of the focal zone and provide a desired
energy level in the target tissue region.

[0004] Although the transducer elements are focused
at a desired primary focal zone, there may also be one
or more secondary focal zones at locations other than
the intended primary focal zone. For example, spaces
between the concentric rings may contribute to such "hot
spots," particularly in the "near field," i.e., the region be-
tween the transducer and the primary focal zone. Such
secondary hot spots may lead to undesired heating, pain
for the patient, and/or possibly necrosis of tissue in the
near field. Because the transducer is made up of a finite
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number of rings, the step function used to change the
phase between the rings may also contribute to the cre-
ation of secondary hot spots.

[0005] To minimize the effects of secondary hot spots,
one proposed solution has been to use a wide-band fre-
quency signal to drive the transducer elements, such that
the location of the secondary hot spots may be "smeared"
by this wide-band signal, i.e., the energy diffused within
tissue regions at different locations within the patient,
thereby reducing the risk of heating the tissue regions
sufficiently to necrose them. This solution, however, may
be limited by the transducer bandwidth and may require
special complicated electronics. Wide-band drive signals
may also smear the primary focal zone, thereby requiring
increased ultrasonic energy delivery to ablate the target
tissue at the primary focal zone. The smearing of the
primary focal zone may be at least partially corrected by
introducing appropriate delays in the signals, but this may
substantially complicate control of the phased array, for
example, requiring additional electronic phasing and fo-
cusing.

[0006] inWO-A-9940847, there is described a system
for performing a therapeutic procedure in a target tissue
region of a patient using focused ultrasound within a pri-
mary focal zone according to the preamble of claims 1
and 9. Specifically, WO-A-99 40847 discloses such a
system compiling an array of transducer elements, and
drive circuitry coupled to the transducer elements, the
drive circuitry configured to provide respective drive sig-
nals to the transducer elements at, at least, first and sec-
ond discrete frequencies.

[0007] Accordingly, it would be desirable to provide
systems and methods for treating a tissue region using
ultrasound energy at one or several discrete frequencies
that reduces secondary hot spots, without substantially
reducing the intensity at the primary focal zone.

[0008] The object of the presentinvention is to provide
a system for performing a therapeutic procedure using
focused ultrasound that substantially minimizes the ef-
fects of secondary hot spots, without adversely impacting
on the energy delivered to the primary focal zone.
[0009] To achieve this, the system of the invention is
characterized by the features claimed in the character-
izing part of claim 1 or 9.

[0010] According to the invention, the system further
comprises a controller coupled to the drive circuitry, the
controller configured for periodically changing the fre-
quency of the respective drive signals provided by the
drive circuitry between at least the first and second fre-
quencies as often as every 0.2-0.5 seconds while sub-
stantially maintaining focus at the primary focal zone dur-
ing a single sonication.

[0011] In a preferred embodiment, a focused ultra-
sound system includes a transducer formed from piezo-
electric material that includes a plurality of transducer
elements. The transducer elements may be provided in
a variety of arrays or geometries. For example, in one
exemplary embodiment, the transducer may be a sub-
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stantially concave phased array, including a plurality of
concentric rings. Each transducer ring may be divided
circumferentially into a plurality of curved elements or
"sectors." Alternatively, a linear array of transducer ele-
ments may be provided. Other arrangements or ge-
ometries of transducer elements may also be provided,
such as a checkerboard pattern, a hexagonal lattice, or
a random pattern of transducer elements, and the inven-
tion should not be limited to any one particular geometry.
[0012] Drive circuitry is coupled to each of the respec-
tive transducer elements for providing drive signals to
each transducer element at one of a plurality of discrete
frequencies, preferably at radio frequencies. A controller
is coupled to the drive circuitry for periodically changing
afrequency of the drive signals during a single sonication
between one of the plurality of discrete frequencies. In
particular, the controller determines a phase component
for each of the respective drive signals provided, such
that a primary focal zone of a given size and shape results
at a predetermined distance from the transducer.
[0013] The transducer is preferably adjustably mount-
ed within a casing, such as a fluid-filled table, onto which
a patient may be disposed. During use of the system, the
plurality of transducer elements may be activated with a
set of drive signals, each at a single frequency, while
focusing ultrasonic energy produced by the transducer
elements at the primary focal zone, corresponding to the
location of a target tissue region in a patient. Periodically,
the frequency of the respective drive signals may be
changed, while substantially maintaining the focus at the
primary focal zone. Preferably, this is achieved by con-
trolling the phase component of the drive signals when
the frequency of the drive signals is changed.

[0014] The series of drive signals is provided to the
transducer to create a single sonication that substantially
ablates the tissue at the target tissue region, while min-
imizing the effects of secondary focal zones or "hot
spots." As the frequency is changed, the location of the
secondary hot spots may change, thereby dispersing the
ultrasonic energy at the secondary hot spots to several
locations within the patient’s body. Thus, while the target
tissue region receives sufficient energy to substantially
necrose the tissue there, the tissues at the secondary
hot spots do not.

[0015] Otherobjects and features of the presentinven-
tion will become apparent from consideration of the fol-
lowing description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Preferred embodiments of the present inven-
tion are illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings,
inwhich like reference numerals refer to like components,
and in which:

FIG. 1A is a schematic diagram of one embodiment
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of a focused ultrasound system, in accordance with
the present invention.

FIG. 1B is a top view of the transducer array of the
focused ultrasound system of FIG. 1A.

FIG. 2 is a schematic side view of a patient on a
water-filled table having an ultrasound transducer ar-
ray therein.

FIG. 3 is a graph showing the locations of secondary
hot spots for various frequency signals used to drive
an ultrasound transducer focused at a fixed primary
focal zone.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] Turning now to the drawings, FIGS. 1A, 1B, and
2 show a preferred embodiment of a system 10 for per-
forming a therapeutic procedure using focused ultra-
sound, in accordance with the presentinvention. The sys-
tem 10 generally includes a transducer 12, drive circuitry
14 for providing electrical drive signals 15 to the trans-
ducer 12, and a controller 16 for controlling the drive sig-
nals 15 provided by the drive circuitry 14. The transducer
12 is preferably a phased array ultrasound transducer
formed from piezoelectric material, constructed as is
known to those skilled in the art.

[0018] In one preferred embodiment, shown in FIGS.
1A and 1B, the transducer 12 may have a concave or
bowl shape, such as a "spherical cap" shape, i.e., having
a substantially constant radius of curvature 18 such that
the transducer 12 has an inside surface 20 defining a
portion of a sphere. The transducer 12 may be divided
into a plurality of concentric rings 22-1 to 22-n (where n
is the total number of rings), for example, by cutting con-
centric circles through a piezoelectric shell (not shown).
Preferably, each of the rings 22-1 to 22-n has substan-
tially the same surface area, and thus, the widths of the
rings 22 are progressively smaller from the innermost
ring 22-1 outward to the outermost ring 22-n. Alternative-
ly, the rings 22 may have equal widths (not shown), such
that the area of each ring 22 is progressively larger from
the innermost ring to the outermost ring. Any spaces (not
shown) between the rings 22 may be filled with silicone
rubber and the like to substantially isolate the rings 22
from one another. Each ring 22 may also be divided cir-
cumferentially into curved elements or "sectors" 23
(23-1ato 23-1h are illustratively shown for the innermost
ring 22-1in FIG. 1B), for example, by removing thin radial
strips of electrode (not shown) from the back of the trans-
ducer 12 between each sector 23. In a preferred embod-
iment, the transducer 12 has an outer diameter of be-
tween about 8-12 cm, a radius of curvature 18 between
about 8-16 cm, and includes between about ten and thirty
rings 22, each of which is divided into 4-16 sectors 23.
[0019] Additional information on the construction of a
phased array transducer appropriate for use with the
present invention may be found, for example, in T.Fjield
and K. Hynynen, "The Combined Concentric-Ring and
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Sector-Vortex Phased Array for MRI Guided Ultrasound
Surgery," |IEEE Transactions on Ultrasonics, Ferroe-
lectrics, and Frequency Control, vol. 44, no. 5, pages
1157-1167 (Sept 1997). Alternatively, a concentric-ring
transducer may be provided that is not divided into cir-
cumferential sectors (not shown). Such a concentric-ring
transducer is shown, for example, in C. Cain and S.
Umemura, "Concentric-Ring and Sector-Vortex Phased-
Array Applicators for Ultrasound Hyperthermia," Trans-
actions on Microwave Theory and Techniques, vol. MTT-
34, no. 5, pages 542-551 (May 1986).

[0020] In another preferred embodiment (not shown),
a linear array of transducer elements may be provided
that may be focused at a primary focal zone having a
desired shape, such as a linear focal zone. Alternatively,
other arrangements or geometries of transducer ele-
ments may be provided, such as a checkerboard pattern
or a hexagonal lattice. The transducer elements may be
provided on a curved, spherical cap transducer, a sub-
stantially flat transducer, and the like, that may be fo-
cused at a primary focal zone.

[0021] Returning to FIG. 1B, each of the sectors 23 of
the rings 22 is individually coupled to the drive circuitry
14 in a conventional manner. The drive circuitry 14 is
configured to provide electrical drive signals 15 to the
sectors 23 at a plurality of discrete frequencies, prefera-
bly atradio frequencies (RF), forexample, between about
0.5-10 MHz, and more preferably between about 1.0 and
2.0 MHz. When electrical drive signals 15 are provided
to the sectors 23, the transducer 12 emits ultrasonic en-
ergy from its inside surface 20, as is known to those
skilled in the art.

[0022] The controller 16 is coupled to the drive circuitry
14 for controlling several aspects of the drive signals 15
generated by the drive circuitry 14, such as the frequency,
phase, and amplitude. First, the controller 16 may control
the amplitude of the drive signals 15, for example, to con-
trol the intensity of ultrasonic energy delivered by the
transducer 12. In addition, the controller 16 may control
the phase between each of the concentric rings 22 and
between each of the sectors 23. By shifting the phase
between the concentric rings 22, a "focal distance," i,e.,
the distance from the transducer 12 to the center of the
focal zone, may be adjusted along the z axis, as is know
to those skilled in the art.

[0023] Shifting the phase between the sectors 23 al-
lows control of the size and shape of the focal zone of
the ultrasonic energy, or "mode" of the transducer 12, as
is also known to those skilled in the art. Further informa-
tion on phase shifting of phased array transducers may
be found in the Fjield and Cain articles referenced above,
aswellasinU.S. PatentNo. 4,865,042 issued to Umemu-
ra et al..

[0024] The controller 16 also preferably controls the
frequency of the drive signals 15 provided to the trans-
ducer 12. The drive signals 15 supplied to the transducer
12 at one time are all preferably provided at the same
discrete frequency. During a single sonication, which
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may have a duration of between about 5-20 seconds,
and more preferably about 10 seconds or more, the con-
troller 16 periodically changes the frequency of the drive
signals 15 as often as every 0.2-0-5 seconds. At the same
time, the controller 16 controls the phase and/or ampli-
tude of the drive signals 15 to maintain the focal zone of
the resulting ultrasonic energy generated by the trans-
ducer 12 ata desired region within a patient’s body. Thus,
the controller 16 may direct the drive circuitry to provide
a plurality of sequential sets of drive signals 15, each set
being at a discrete frequency different from the previous
set.

[0025] As shown in FIG. 2, the transducer 12 is pref-
erably mounted within a fluid-filled casing, such as table
30. The table 30 includes a chamber 32 filled with de-
gassed water or similar acoustically transmitting fluid.
The transducer 12 is preferably connected to a position-
ing system 34 that moves the transducer 12 within the
chamber 32 and consequently mechanically adjusts the
focal zone 38 of the transducer 12. For example, the po-
sitioning system 34 may be configured to move the trans-
ducer 12 within the chamber 32 in any one of three or-
thogonal directions, e.g., horizontally forward and back-
ward, horizontally side-to-side, and vertically. U.S. Pat-
ent Nos. 5,247,935 issued to Cline et al. and 5,275,165
issued to Ettinger et al., disclose exemplary positioning
systems that may be used.

[0026] Alternatively, the positioning system 34 may
simply pivot the transducer 12 about a fixed point within
the chamber 45, i.e., to change the angle of the trans-
ducer 12 and consequently the focal zone 38 with respect
to a horizontal plane (not shown). In this alternative, the
focal distance of the transducer 12 may be controlled
electronically by changing the phase and/or amplitude of
the drive signals 15 provided to the transducer 12, as
described above. In further alternatives, the positioning
system 34 may move the transducer 12 in a horizontal
plane perpendicular to the line of propagation (not
shown), with the depth controlled electronically, or other
combinations of mechanical and electronic positioning
may be used.

[0027] The top of the table 30 includes a flexible mem-
brane 36 that is substantially transparent to ultrasound,
such as a mylar plastic or polyvinyl chloride (PVC) sheet.
A fluid-filled bag or cushion is generally provided along
the top of the table that may conform easily to the con-
tours of a patient placed on the table. In a further alter-
native, the transducer 10 may be mounted in a fluid-filled
bag mounted on a movable arm (not shown) that may be
placed in contact with a patient, such as that disclosed
in U.S. Patent No. 5,526,814.

[0028] In addition, the system 10 may include an im-
aging device (not shown) for monitoring the use of the
system during treatment of a patient For example, the
system 10 may be placed within a magnetic resonance
imaging (MRI) device, such as that disclosed in U.S. Pat-
ent Nos. 5,247,935, 5,291,890, 5,368,031, 5,368,032,
5,443,068 issued to Cline et al., and U.S. Patent Nos.
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5,307,812, 5,323,779, 5,327,884 issued to Hardy et al.
[0029] Returning to FIG. 2, during use, a patient 40
may be disposed on the table 30 with water, ultrasonic
conducting gel, and the like applied between the patient
30 and the bag or membrane 36, thereby acoustically
coupling the patient 30 to the transducer 12. The trans-
ducer 12 may be focused towards a target tissue region
within a tissue structure 42, which may, for example, be
a cancerous or benign tumor. The transducer 12 may be
activated by supplying a set of drive signals 15 at a dis-
crete frequency to the transducer 12 to focus ultrasonic
energy at the target tissue region 42. During the course
of the sonication, the frequency of the drive signals 15
may be changed periodically, as described above, while
maintaining the focus at the target tissue region 42. The
transducer 12 may be activated for sufficient time to sub-
stantially necrose the target tissue region 42, e.g., be-
tween about 5-20 seconds, and more preferably about
10 seconds or more.

[0030] The transducer 12 may be deactivated, for ex-
ample, for sufficient time to allow heat absorbed by the
patient’s tissue to dissipate, e.g., between about 45-90
seconds, and more preferably about 60 seconds or more.
The transducer 12 may then be focused on another target
tissue region (not shown), for example, adjacent to the
target tissue region 42, and the process repeated until
the entire target tissue structure is ablated.

[0031] A systemin accordance with the presentinven-
tion uses control of the frequency of the drive signals,
preferably during a single substantially continuous son-
ication, to reduce the effects of secondary hot spots. Be-
cause the locations of both primary and secondary focal
zones vary depending upon the frequency of the drive
signals, different frequency drive signals may cause the
focal zones or "hot spots" created by the transducer to
move to different locations or focal distances within the
patient as the frequency is changed. The controller of a
system according to the present invention changes the
frequency, but substantially maintains the primary focal
zone of the ultrasonic energy at a target region within a
patient’s body by simultaneously adjusting the phase
and/or amplitude of the drive signals provided to the
transducer elements. The secondary hot spots, however,
do not remain at the same locations, but become focused
at different locations as the frequency is changed.
[0032] This s illustrated, for example, in FIG. 3, which
shows the energy intensity (in W/m2) produced by a
transducer in relation to the distance (z) from the trans-
ducer. In this example, the transducer is focused at a
focal distance of about 150 mm, while the frequency of
the drive signals is changed from 1.3 MHz, to 1.5 MHz,
to 1.7 MHz. As may be seen from the three corresponding
curves, the distances from the transducer of the second-
ary hot spots shift from about 55 mm at 1.3 MHz, to about
60 mm at 1.5 MHz, to about 65 mm at 1.7 MHz. Thus,
the energy delivered at the secondary hot spots is ab-
sorbed by different tissue regions as the frequency
changes. This diffuses the energy, substantially minimiz-
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ing the risk of heating tissue at the secondary hot spots
to an intensity level sufficient to cause pain, or damage
or necrose the tissue. Because the primary focal zone
remains substantially constant at a fixed focal distance,
the tissue at the primary focal zone may be heated suf-
ficiently to achieve necrosis.

Claims

1. A system for performing a therapeutic procedure in
a target tissue region of a patient using focused ul-
trasound within a primary focal zone, comprising:

an array of transducer elements (12);

drive circuitry (14) coupled to the transducer el-
ements (12), the drive circuitry (14) configured
to provide respective drive signals (15) to the
transducer elements (12) at, at least, first and
second discrete frequencies; and

a controller (16) coupled to the drive circuitry
(14),

characterized in that the controller (16) is config-
ured for periodically changing the frequency of the
respective drive signals (15) provided by the drive
circuitry (14) between at least the first and second
frequencies as often as every 0.2-0.5 seconds while
substantially maintaining focus at the primary focal
zone during a single sonication.

2. The system of claim 1, characterized in that the
controller (16) is further configured for changing the
respective drive signals (15) between a plurality of
discrete frequencies in a predetermined sequence
during a single, substantially continuous sonication.

3. The system of claim 1, characterized in that the
controller (16) is further configured for controlling a
phase component of the respective drive signals (15)
provided to the transducer elements (12) to provide
a predetermined size and shape of a focal zone (38)
created by the transducer elements (12).

4. The system of claim 1, characterized in that the
controller (16) is further configured for controlling a
phase component of the respective drive signals (15)
to focus the transducer elements (12) substantially
at a primary focal zone at the first and second fre-
quencies.

5. The system of claim 1, characterized in that the
array of transducer elements (12) comprises a sub-
stantially concave concentricring array of transducer
elements (12).

6. The system of claim 1, characterized in that the
array of transducer elements (12) comprises a sub-
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stantially linear array of transducer elements (12).

The system of claim 1, characterized in further com-
prising a fluid-filled casing having the transducer el-
ements (12) therein, the casing having a surface to-
wards which the transducer elements (12) are ori-
ented for acoustically coupling the transducer ele-
ments (12) to a patient in contact with the surface.

The system of claim 1, characterized in further com-
prising a positioner (34) connected to the transducer
elements (12) for mechanically moving a focal zone
(38) thereof.

A system for performing a therapeutic procedure in
a target tissue region of a patient using focused ul-
trasound within a primary focal zone, comprising:

an array of transducer elements (12);

drive circuitry (14) coupled to the transducer el-
ements (12), the drive circuitry (14) configured
to provide respective drive signals (15) to the
transducer elements (12) at, at least, first, sec-
ond and third discrete frequencies; and

a controller (16) coupled to the drive circuitry
(14),

characterized in that the controller (16) is config-
ured for periodically changing the frequency of the
respective drive signals (15) provided by the drive
circuitry (14) between at least the first, second, and
third frequencies as often as every 0.2-0.5 seconds
while substantially maintaining focus at the primary
focal zone during a single, substantially continuous
sonication.

The system of claim 9, characterized in that the
controller (16) is further configured for controlling a
phase component of the respective drive signals (15)
to focus the transducer elements (12) substantially
at a primary focal zone at the first and second fre-
quencies.

Patentanspriiche

1.

System zum Ausflihren einer therapeutischen Pro-
zedur in einem Zielgewebsbereich eines Patienten
unter Verwendung von gebindeltem Ultraschall in
einem primaren Brennbereich, umfassend:

eine Anordnung von Transducerelementen
(12);

Treiberschaltungen (14), die mit den Transdu-
cerelementen (12) verbunden sind, wobei die
Treiberschaltungen (14) zum Bereitstellen der
jeweiligen Treibersignale (15) fiir die Transdu-
cerelemente (12) bei mindestens ersten und
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zweiten diskreten Frequenzen ausgelegt sind;
und

einen Controller (16), der mit den Treiberschal-
tungen (14) verbunden ist,

dadurch gekennzeichnet, daR der Controller
(16) zum periodischen Andern der Frequenz der
jeweiligen Treibersignale (15), die von den Trei-
berschaltungen (14) bereitgestellt werden, min-
destens zwischen der ersten und zweiten Fre-
quenz jeweils nach 0,2-0,5 Sekunden ausgelegt
ist, wahrend gleichzeitig die Fokussierung auf
den primaren Brennbereich wahrend einer ein-
zelnen Beschallung aufrechterhalten ist.

System nach Anspruch 1, dadurch gekennzeich-
net, daB der Controller (16) ferner zum Wechseln
der jeweiligen Treibersignale (15) zwischen mehre-
ren diskreten Frequenzen in einer vorgegebenen
Folge wahrend einer einzelnen, im wesentlichen
kontinuierlichen Beschallung ausgelegt ist.

System nach Anspruch 1, dadurch gekennzeich-
net, daB der Controller (16) ferner zum Kontrollieren
einer Phasenkomponente der jeweiligen Treibersi-
gnale (15) ausgelegt ist, die fiir die Transducerele-
mente (12) bereitgestellt sind, um flir eine vorgege-
bene GréfRe und Form eines Brennbereichs (38) zu
sorgen, der durch die Transducerelemente (12) er-
zeugt ist.

System nach Anspruch 1, dadurch gekennzeich-
net, daB der Controller (16) ferner zum Kontrollieren
einer Phasenkomponente der jeweiligen Treibersi-
gnale (15) ausgelegt ist, um die Transducerelemen-
te (12) im wesentlichen auf einen primaren Brenn-
bereich bei der ersten und zweiten Frequenz zu fo-
kussieren.

System nach Anspruch 1, dadurch gekennzeich-
net, daB die Anordnung von Transducerelementen
(12) eine im wesentlichen konkave konzentrische
Ringanordnung von Transducerelementen (12) um-
faft.

System nach Anspruch 1, dadurch gekennzeich-
net, daB die Anordnung von Transducerelementen
(12) eine im wesentlichen lineare Anordnung von
Transducerelementen (12) umfaidt.

System nach Anspruch 1, dadurch gekennzeich-
net, daB es ferner einen flissigkeitsgefillten Behal-
ter umfalyt, der die Transducerelemente (12) darin
enthalt, wobei der Behalter eine Flache hat, zu der
die Transducerelemente (12) fir die akustische
Kopplung der Transducerelemente (12) mit einem
Patienten in Kontakt mit der Flache ausgerichtet
sind.
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System nach Anspruch 1, dadurch gekennzeich-
net, daB es ferner einen Stellungsregler (34) umfafit,
der mit den Transducerelementen (12) zur mecha-
nischen Verschiebung eines Brennbereichs (38)
derselben verbunden ist.

System zum Ausfiihren einer therapeutischen Pro-
zedur in einem Zielgewebsbereich eines Patienten
unter Verwendung von gebilindeltem Ultraschall in
einem primaren Brennbereich, umfassend:

eine Anordnung von Transducerelementen
(12);

Treiberschaltungen (14), die mit den Transdu-
cerelementen (12) verbunden sind, wobei die
Treiberschaltungen (14) zum Bereitstellen der
jeweiligen Treibersignale (15) fur die Transdu-
cerelemente (12) bei mindestens ersten, zwei-
ten und dritten diskreten Frequenzen ausgelegt
sind; und

einen Controller (16), der mit den Treiberschal-
tungen (14) verbunden ist,

dadurch gekennzeichnet, daR der Controller
(16) zum periodischen Andern der Frequenz der
jeweiligen Treibersignale (15), die von den Trei-
berschaltungen (14) bereitgestellt sind, minde-
stens zwischen der ersten, zweiten und dritten
Frequenz jeweils nach 0,2-0,5 Sekunden aus-
gelegt ist, wahrend gleichzeitig die Fokussie-
rung auf den primaren Brennbereich wahrend
einer einzelnen, im wesentlichen kontinuierli-
chen Beschallung aufrechterhalten ist.

10. System nach Anspruch 9, dadurch gekennzeich-

net, daB der Controller (16) ferner zum Kontrollieren
einer Phasenkomponente der jeweiligen Treibersi-
gnale (15) ausgelegt ist, um die Transducerelemen-
te (12) im wesentlichen auf einen primaren Brenn-
bereich bei der ersten und zweiten Frequenz zu fo-
kussieren.

Revendications

Systéme pour effectuer une procédure thérapeuti-
que dans une région de tissu cible d’un patient en
utilisant des ultrasons concentrés a l'intérieur d’'une
zone focale principale, comprenant :

un réseau d’éléments transducteurs (12) ;

un circuit de pilotage (14) couplé aux éléments
transducteurs (12), le circuit de pilotage (14)
étant configuré pour fournir des signaux de pi-
lotage respectifs (15) aux éléments transduc-
teurs (12) a au moins une premiére fréquence
discrete et une deuxiéme fréquence discréte ; et
un contréleur (16) couplé au circuit de pilotage
(14),

10

15

20

25

30

35

40

45

50

55

caractérisé en ce que le controleur (16) est
configuré pour changer périodiquement la fré-
quence des signaux de pilotage respectifs (15)
fournis par le circuit de pilotage (14) entre au
moins la premiéere fréquence et la deuxiéme fré-
quence toutes les 0,2 a 0,5 secondes tout en
maintenant sensiblement la concentration sur la
zone focale principale au cours d’une sonication
unique.

Systéme selon la revendication 1, caractérisé en
ce que le contrdleur (16) est en outre configuré pour
changer les signaux de pilotage respectifs (15) entre
une pluralité de fréquences discrétes dans une sé-
quence prédéterminée au cours d’une seule sonica-
tion sensiblement continue.

Systéme selon la revendication 1, caractérisé en
ce que le contrdleur (16) est en outre configuré pour
commander un composant de phase des signaux de
pilotage respectifs (15) fournis aux éléments trans-
ducteurs (12) pour fournir une taille prédéterminée
et une forme prédéterminée d’'une zone focale (38)
créée par les éléments transducteurs (12).

Systéme selon la revendication 1, caractérisé en
ce que le contréleur (16) est en outre configuré pour
commander un composant de phase des signaux de
pilotage respectifs (15) pour concentrer les éléments
transducteurs (12) sensiblement sur une zone focale
principale a la premiére fréquence et a la deuxiéme
fréquence.

Systéme selon la revendication 1, caractérisé en
ce que le réseau d’éléments transducteurs (12)
comprend un réseau d’anneaux concentriques sen-
siblement concave d’éléments transducteurs (12).

Systéme selon la revendication 1, caractérisé en
ce que le réseau d’éléments transducteurs (12)
comprend un réseau sensiblement linéaire d’élé-
ments transducteurs (12).

Systéme selon la revendication 1, caractérisé en
outre en ce qu’il comprend une structure remplie
de fluide ayant les éléments transducteurs (12) a
l'intérieur de celle-ci, la structure ayant une surface
vers laquelle les éléments transducteurs (12) sont
orientés pour coupler acoustiquement les éléments
transducteurs (12) a un patient en contact avec la
surface.

Systéme selon la revendication 1, caractérisé en
outre en ce qu’il comprend un positionneur (34)
connecté aux éléments transducteurs (12) pour dé-
placer mécaniquement une zone focale (38) de ce-
lui-ci.
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9. Systéme pour effectuer une procédure thérapeuti-
que dans une région de tissu cible d’un patient en
utilisant des ultrasons concentrés a l'intérieur d'une
zone focale principale, comprenant :

un réseau d’éléments transducteurs (12);
un circuit de pilotage (14) couplé aux éléments
transducteurs (12), le circuit de pilotage (14)
étant configuré pour fournir des signaux de pi-
lotage respectifs (15) aux éléments transduc- 10
teurs (12) a au moins une premiére fréquence
discrete, une deuxiéme fréquence discréte et
une troisieme fréquence discréte ; et
un contréleur (16) couplé au circuit de pilotage
(14), 15
caractérisé en ce que le contrdleur (16) est
configuré pour changer périodiquement la fré-
quence des signaux de pilotage respectifs (15)
fournis par le circuit de pilotage (14) entre au
moins la premiére fréquence, la deuxieme fré- 20
quence et la troisieme fréquence toutes les 0,2
a 0,5 secondes tout en maintenant sensible-
ment la concentration sur la zone focale princi-
pale au cours d’une sonication unique sensible-
ment continue. 25
10. Systéme selon la revendication 9, caractérisé en
ce que le contrdleur (16) est en outre configuré pour
commander un composant de phase des signaux de
pilotage respectifs (15) pour concentrer les éléments 30
transducteurs (12) sensiblement sur une zone focale
principale a la premiéere fréquence et a la deuxieme
fréquence.

35

40

45

50

55



EP 1 274 348 B1

18
22-n
\ 20
2 221
12 22-2 22
10—"
[ \ ’
14— DRIVER | 15
CIRCUITRY
g _—t Fig. 1A
e
CONTROLLER Ig.
23-1d 23-1c
f12
23-1e
23-1b
23-1f
23-1a |
22-1
22-2
23-1g 23-1h

Fig. 1B

22-n



EP 1 274 348 B1

36

/

Fig. 2

110, focus

150, 13 rings, eps =0

R =

x10’

20 40 60 80

12
10H.___

158 ©

(Zw/m) Anisuayu

160 180 200

100 120 140

Fig. 3

10



EP 1 274 348 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be

excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  US 4865042 A, Umemura [0003] [0023]
« WO 9940847 A [0006] [0006]

«  US 5247935 A, Cline [0025] [0028]

«  US 5275165 A, Ettinger [0025]

«  US 5526814 A [0027]

«  US 5291890 A [0028]

Non-patent literature cited in the description

* T.FJIELD ; K. HYNYNEN. The Combined Concen-
tric-Ring and Sector-Vortex Phased Array for MRI
Guided Ultrasound Surgery. IEEE Transactions on
Ultrasonics, Ferroelectrics, and Frequency Control,
September 1997, vol. 44 (5), 1157-1167 [0019]

11

US 5368031 A [0028]
US 5368032 A [0028]

US 5443068 A, Cline [0028]
US 5307812 A [0028]

US 5323779 A [0028]

US 5327884 A, Hardy [0028]

C. CAIN ; S. UMEMURA. Concentric-Ring and Sec-
tor-Vortex Phased-Array Applicators for Ultrasound
Hyperthermia. Transactions on Microwave Theory
and Techniques, May 1986, vol. 34 (5), 542-551
[0019]



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCH &

CPCH¥=

LR

L M2 TF S0k

S EREESE

BEG®)

ATEAREBFHITATREFNREN T LEERMAERKRER A
BIEZMRBESRTTH |, HIANM A B9 B IR B SR BERS TT A YR R BE
3, WHEBEB/SEMAER  ATUSIERRFAR —@RAERTH
RERZES. BEEBEIRRE , ATEAHEEHRESHM
RUBNZIEBIAR— , BNZRHRESHENS BUEENT
BEHHREFNRERFEIEREX. FRLE,

ATROHEEEREEFRETN ZRARKHRE

EP1274348B1 NI (»&E)B
EP2001923937 RiEH
TXSONICS

TXSONICS LTD.

InSightecky. , LTD.

VITEK SHUKI
BRENNER NAAMA

VITEK, SHUKI
BRENNER, NAAMA

patsnap

2007-09-26

2001-04-12

A61B8/00 A61N7/02 B06B1/02 A61B18/00 A61B17/225 A61N7/00 G10K11/34 H01Q21/20 HO4R3/00

HO04R17/00

AG61N7/02 A61B8/4494 A61N2007/0065 A61N2007/0073 A61N2007/0078 A61N2007/0095 BO6B1

/0284 G10K11/346

09/556095 2000-04-21 US

EP1274348B8
EP1274348A4
EP1274348A2

Espacenet



https://share-analytics.zhihuiya.com/view/2338e30c-f9b0-40f3-9a51-61b778a8aff5
https://worldwide.espacenet.com/patent/search/family/024219875/publication/EP1274348B1?q=EP1274348B1

