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(57 ABSTRACT

Diagnostic ultrasound is used to measure distance from a
transducer to selected tissue structure. In one arrangement,
the focal point of a high intensity focused ultrasound trans-
ducer is adjusted in accordance with measured distance to
the selected tissue structure. In a second arrangement a
transducer transport apparatus moves a transducer to main-
tain a selected distance from tissue structure.
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ULTRASOUND METHOD AND SYSTEM

REFERENCE TO RELATED APPLICATION

[0001] This Application claims the benefit of Provisional
Application Serial No. 60/380,399, filed May 14, 2002.

BACKGROUND OF THE INVENTION

[0002] This invention was made in connection with work
supported in part by a Bioengineering Research Partnership
Grant 5R01 CA84588 from the National Cancer Institute
and the National Heart, Lung and Blood Institute.

[0003] The present invention relates to systems for diag-
nosis or therapy using ultrasound. In particular the invention
relates to systems which may use transducer assemblies of
the type described in U.S. Pat. No. 4,484,569, which is
assigned to the assignee of the present application, and
which is incorporated therein by reference.

[0004] The U.S. Pat. No. 4,484,569 describes a transducer
assembly that enables imaging of tissue and the application
of High Intensity Focused Ultrasound (HIFU) by providing
a diagnostic transducer that is mounted on a HIFU trans-
ducer and has a common radiation axis therewith.

[0005] InU.S.Pat. No. 6,039,689, which is assigned to the
same assignee as the present application, and incorporated
hereby by reference, there is described a HIFU transducer
having segmented electrodes which allow steering or refo-
cusing of the HIFU focal point by variation of the electronic
signals applied to the electrode segments.

[0006] Tt is an object of the present invention to provide
methods for ultrasound diagnosis and treatment wherein the
transducer can be located or focused according to the tissue
characteristics.

SUMMARY OF THE INVENTION

[0007] In accordance with the invention there is provided
a method for ultrasonic treatment of tissue using a trans-
ducer assembly having a first diagnostic transducer and a
second therapy transducer, each having a radiation axis with
a known orientation with respect to each other, wherein the
therapy transducer is arranged with adjustable focal dis-
tance. The transducer assembly is positioned using the
diagnostic transducer to insonify tissue to be treated in the
region of tissue structure. The tissue to be treated is insoni-
fied using the therapy transducer. Movement of the tissue
with respect to the transducer assembly is detected using the
diagnostic transducer, the focal distance of the therapy
transducer is adjusted to compensate for detected tissue
movement, and the tissue is further insonified using the
therapy transducer with adjusted focal distance.

[0008] Movement of the tissue may be determined by
measuring distance to the tissue structure using the diag-
nostic transducer. The insonifying may comprise providing
pulses of ultrasonic radiation from the therapy transducer,
and movement of the tissue may be determined by operating
the diagnostic transducer in time periods between the pulses.
The therapy transducer may be used to create a lesion in the
tissue, and position of the lesion with respect to the trans-
ducer can be determined using the diagnostic transducer.

[0009] In accordance with the invention there is provided
a method for guiding motion of an ultrasonic transducer. The
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transducer is transported in a first selected transducer path
and operated to record data corresponding to the contour of
at least one feature of tissue to be examined. The data is used
to select a second transducer path having a selected distance
from the contour. The transducer is transported along the
second transducer path while further operating the trans-
ducer.

[0010] The first selected transducer path may be a linear
path. The transducer may comprise a transducer assembly
arranged for diagnostic and therapy ultrasonic operation,
wherein the transducer is operated as a diagnostic transducer
to record the data, and wherein the further operating com-
prises operating the transducer for therapy. A desired orien-
tation of the transducer may also be determined from the
data, and orientation of the transducer may be controlled to
the desired orientation during transporting of the transducer
along the second transducer path. The transducer may be
transported along a plurality of first selected transducer
paths to record two dimensional data representing a contour
of the tissue feature, and the second transducer path may be
determined to have a selected distance from the contour.
Alternately, the transducer may be a scanning transducer for
recording two dimensional data representing a contour of a
tissue feature. A plurality of second transducer paths may be
determined using the data representing a two dimensional
contour.

[0011] In accordance with the invention there is provided
apparatus for ultrasonic therapy. A transducer assembly
includes a first diagnostic transducer and a second therapy
transducer each having a radiation axis with a known
orientation with respect to the other. The therapy transducer
is responsive to at least two ultrasonic signals having the
same frequency and variable phase with respect to each
other, wherein variation of phase of said signals is effective
to change the focal position of radiation therefrom. A
diagnostic system is coupled to the diagnostic transducer for
determining distance to a selected reflecting portion of
tissue. A phase controller is responsive to signals from the
diagnostic system for controlling phase of the at least two
ultrasonic signals in response to a change in the distance to
the selected portion of tissue.

[0012] In accordance with the invention there is provided
apparatus for ultrasonic insonification of tissue having a
tissue contour. A transducer is provided for insonifying
tissue and mounted on a transport apparatus arranged to
move the transducer in at least two directions, including a
first direction toward and away from the tissue and a second
direction generally transverse to said first direction. A diag-
nostic system determines distance of the tissue contour from
the transducer and transport apparatus, as the transducer is
moved in the second direction to thereby determine the
tissue contour. A transport controller operates the transport
apparatus to transport the transducer in the first and second
directions to maintain a selected distance of the transducer
from the tissue contour.

[0013] The transport apparatus can be further arranged to
rotate the transducer about an axis perpendicular to the first
and second directions, and the transport controller can be
arranged to control the rotation to maintain a radiation axis
of the transducer in a direction perpendicular to the tissue
contour.

[0014] For a better understanding of the present invention,
together with other and further objects, reference is made to
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the following description, taken in conjunction with the
accompanying drawings, and its scope will be pointed out in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1 is a diagram illustrating a configuration for
practicing a first embodiment of the invention

[0016] FIG.2 isa diagram illustrating practice of a second
embodiment of the invention.

[0017] FIG. 3 is a frontal view of a transducer assembly
useful for practice of the first embodiment of the invention.

[0018] FIG. 4 is a block diagram of a system in accor-
dance with an embodiment of the present invention.

[0019] FIG. 5 is an elevation view of one arrangement of
a transducer transport apparatus in accordance with an
embodiment of the invention.

DESCRIPTION OF THE INVENTION

[0020] Referring to FIGS. 1, 3 and 4 there is shown a first
embodiment of a method and apparatus in accordance with
the invention. FIG. 1 shows an exemplary clinical arrange-
ment wherein it is desired to provide HIFU treatment to a
region 28 of tissue which is separated from transducer
assembly 10 by a tissue feature comprising boundary 26,
which may be the skin of the patient. In some clinical
situations the area around the region 28 of tissue may be
subject to movement as may be caused by breathing of the
patient, pulsatile blood flow or heart motion.

[0021] In the transducer assembly 10 depicted in FIG. 1,
there is provided a diagnostic transducer 18 connected to
diagnostic system 22, which may be an A-mode system.
Transducer 18 has an aperture 20 and is mounted within
piezoelectric shell 12 which forms a HIFU transducer for
ultrasonic therapy. An example of such transducer assembly
is described in referenced U.S. Pat. No. 4,484,569. Piezo-
electric shell transducer 12 is mounted within coupling cone
14, which is typically filled with fluid for coupling ultrasonic
signals to the patient’s tissue. A flexible bladder 16 closes
the opening of cone 14 and may be pressed against the skin
26 of a patient. Diagnostic system 22 may be any known
type of imaging system operating on pulse-echo, A-mode or
scanned B-mode, doppler imaging, contrast, harmonic imag-
ing, or tissue analysis, as described in U.S. Pat. No. 6,238,
342. The diagnostic transducer may alternatively be a one
dimensional or two dimensional array for obtaining two or
three dimensional image data.

[0022] As is well known, the piezoelectric shell transducer
12 provides ultrasonic radiation which converges to a focal
point determined by the curvature of the spherical shell. U.S.
Pat. No. 6,039,689, which is incorporated herein by refer-
ence, describes a piezoelectric shell transducer which has
segmented electrodes on one or both the internal and exter-
nal surfaces of the electrode. Providing phase shifted signals
to the shell segment enables the direction of radiation of the
transducer to be electronically steered, and in one example,
to be refocused to a point close to or further from the natural
focal point determined by the curvature of the shell.

[0023] Ultrasonic therapy relies on a high intensity of
ultrasonic radiation within the area to be treated to enable the
modification of the tissue thereat. Accordingly, focused
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ultrasonic energy has little effect on intervening tissue
wherein the radiation passes through a larger cross section of
tissue and has modifying effect near the focal point whereat
the energy is concentrated in a small cross section.

[0024] If the tissue being treated moves, such as a result of
the patient breathing or the patient’s heartbeat or pulsating
blood flow, the focal point of the HIFU transducer may be
at a point that is in front of or behind the desired region of
treatment. The system of FIGS. 1, 3 and 4 is arranged to
modify the focal length of the HIFU transducer to compen-
sate for tissue motion during treatment.

[0025] FIG. 3 is a view of the radiation surface of trans-
ducer shell 12 with cone 14 and bladder 16 removed. The
surface includes concentric rings of metalization 30, 32 and
34 forming electrodes to which phase controlled signals to
be radiated as HIFU waves are applied. Also visible is the
radiating surface 20 of diagnostic transducer 18. By modi-
fying the relative phase of signals applied to the metallized
ring electrodes 30, 32, 34 of shell 12, the focal length can be
modified to move the focal point toward or away from the
shell. Those skilled in the art will recognize that it is
equivalent, and in some cases may be advantageous, to place
ring electrodes 30, 32, 34 on the exterior surface of shell 12.
It will also be recognized that the number and size of the ring
electrodes may be different than the example shown, and
that the electrode segments may form a two dimensional
array to provide beam scanning as well as focus control.

[0026] Referring to FIG. 4 there is shown a system for
ultrasound treatment wherein movement of patient tissue is
detected and compensated for by refocusing the HIFU
transducer 12. A diagnostic imaging system 22 includes an
A-mode system 22A and an echo gate control and display
22B connected to diagnostic transducer 18. The sub-units
22A and 22B make up image system 22 as shown in FIG.
1. The diagnostic imaging system is used to measure the
distance to a feature of the tissue as it moves during
insonification. The feature can be identified, for example, by
manually placing an overlaid mark on the feature as dis-
played on the diagnostic image display using a computer
interface device. The system tracks the distance to a tissue
feature, such as skin 26 or a boundary of an organ, such as
the heart. The diagnostic system 22 may utilize color-flow or
power doppler techniques to locate tissues with respect to
blood vessels or contrast agents may be injected to demar-
cate blood vessels. Tracking may use threshold algorithms
or correlation analysis of sequential images. Since the diag-
nostic transducer is fixed in position with respect to the
HIFU transducer 12 in transducer assembly 10, by knowing
the distance of the tissue feature from transducer 18, the
distance from transducer 12 and its natural focal point can be
determined. In the case of tracking motion of skin 26, it may
be assumed that the position of the region 28 of tissue to be
treated is fixed with respect to skin 26. Alternately an
internal feature, such as the wall of the heart or liver can be
used to track motion.

[0027] Once position of the tracked tissue feature has been
determined the treatment region at the focus of transducer 12
can be moved to compensate for the motion by adjusting
phase and amplitude of signals supplied to rings 30, 32 and
34, thereby moving the focal point and treatment region. In
addition, a lesion can be produced by the therapy ultrasound
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system and the image of the lesion used as a fiducial marker
for tracking tissue movement and adjusting the focal length
for subsequent treatment.

[0028] In one arrangement the HIFU is applied to the
tissue in pulses, each pulse having a duration in the range of
a few milliseconds. In this case the diagnostic system can be
operated between HIFU pulses to avoid interference. Alter-
nately, the HIFU insonification can be continuous and the
diagnostic system provided with an optional filter 42 to
prevent the HIFU signals from interfering with the diagnos-
tic system receiver. Additionally, a single transducer may be
used to perform the diagnostic and therapeudic insonifica-
tions.

[0029] Referring to FIGS. 2 and 5 there will now be
described a further embodiment of a method and apparatus
in accordance with the invention. In the second embodiment
the invention compensates for movement of the transducer
instead of movement of the patient’s body. In this embodi-
ment the transducer assembly 10 as used in the first embodi-
ment may also be used, but the second embodiment also
encompasses systems that are purely diagnostic in nature
and only include a diagnostic transducer 18. The object of
the second embodiment is to maintain the focus of the
transducer on a feature of the tissue while the transducer is
moved across the tissue to obtain echo data, or to treat, a
larger sample of tissue structure.

[0030] Referring to FIG. 2 there is shown a clinical
arrangement wherein a transducer 10 is to be moved across
an area of a patient’s skin 26 in a path 50. In this case the
transducer can be placed directly on the skin 26 or the
patient may be immersed for examination in a bath which
will conduct the ultrasonic signals. Also shown in FIG. 2 is
a contour 54 which may be a boundary or feature of the
tissue to be examined. Moving the transducer 10 in a straight
line 50 for purposes of examination or treatment may not be
desirable. It may be desired to move the transducer directly
on or close to skin 26. Alternately it may be desired that the
focal point of the transducer be maintained at, or a known
distance from, a contour of tissue boundary or structure 54.
Maintaining the focal point at a desired location within the
tissue may be desired for treatment using HIFU or may be
desired to improve imaging of the diagnostic system.

[0031] According to the invention, there is provided a
method and apparatus wherein the transducer is moved in a
first transducer path, such as a straight line 50, and data
comprising distance to a contour or boundary is recorded.
The contour or boundary can be specified by placing an
overlay on the diagnostic image display using a computer
interface device. Thereafter the transducer can be moved in
a second transducer path which follows the contour detected
in the first movement to maintain the transducer a constant
distance from the a boundary contour or structure of interest.
A third movement is also possible. For example in a first
linear movement of the transducer, the surface of skin 26 is
mapped. A second transducer path follows a path at a
predetermined distance from skin 26 to detect internal
structure, such as a blood vessel 54 to be imaged. In a third
movement the transducer is maintained a fixed distance from
the blood vessel to achieve superior imaging thereof or to
effect HIFU treatment thereof.

[0032] In a preferred arrangement the transducer may be
rotated about an axis to maintain the beam thereof in a
direction that is perpendicular to the skin 26 or structure 54.
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[0033] FIG. 5 depicts an exemplary apparatus for trans-
porting a transducer along the first or second transducer
path. A frame 60 supports a track 62 along which a carriage
64 is moveable in direction A using a motor 66. Carriage 64
carries vertical members 70 which are vertically moveable
in direction B with respect to carriage 64 using motor 72.
Vertical members 70 carry transducer mount 76. Transducer
10 is mounted on rotary member 74 on transducer mount 76
which rotates about an axis perpendicular to directions A and
B using motor 78 to adjust the orientation of transducer 10
in rotational direction C. When the desired path and orien-
tation of transducer 10 is determined by moving the trans-
ducer along a first transducer path, the determined contour
of the tissue structure can be used to select a second
transducer path at a selected distance from the contour.
Transport controller 68 uses this data to operate motors 66,
72 and 74 to cause transducer 10 to follow the second
transducer path.

[0034] Those skilled in the art will recognize that frame 60
can be moved in a direction perpendicular to directions A
and B to obtain additional imaging or treatment scans of the
tissue. Alternately, positioning information may be obtained
if the imaging system incorporates a one or two dimensional
array that provides two or three dimensional tissue infor-
mation, which can be used to determine multiple transducer
paths. Alternatively, a single transducer may be used to
perform the diagnostic and therapeudic insonifications.

[0035] While there have been described what are believed
to be the preferred embodiments of the invention, those
skilled in the art will recognize that other and further
changes and modifications may be made thereto without
departing from the spirit of the invention, and it is intended
to claim all such changes and modifications as fall within the
true scope of the invention.

We claim:
1. Amethod for ultrasonic treatment of tissue, comprising:

providing a transducer assembly having a first diagnostic
transducer and a second therapy transducer each having
a radiation axis with known orientation with respect to
each other, said therapy transducer being arranged with
adjustable focal position;

positioning said transducer assembly to insonify tissue to
be treated in a region of tissue structure using said
diagnostic transducer;

insonifying said tissue to be treated using said therapy
transducer;

determining movement of said tissue with respect to said
transducer assembly using said diagnostic transducer;
and

adjusting said focal position of said therapy transducer to
compensate for said tissue movement and further
insonifying said tissue using said therapy transducer
with adjusted focal position.

2. A method as specified in claim 1 wherein said deter-
mining movement of said tissue comprises measuring dis-
tance to said tissue structure using said diagnostic trans-
ducer.

3. A method as specified in claim 1 wherein said insoni-
fying comprises providing pulses of ultrasonic radiation
from said therapy transducer, and wherein said determining
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movement of said tissue comprises operating said diagnostic
transducer in time periods between said pulses.

4. A method as specified in claim 1 further comprising
using said therapy transducer to create a lesion in said tissue,
and wherein said determining movement of said tissue
comprises determining position of said lesion with respect to
said transducer assembly using said diagnostic transducer.

5. A method for guiding motion and orientation of an
ultrasonic transducer, comprising;:

transporting said transducer in a first selected transducer
path and operating said ultrasonic transducer to record
data corresponding to at least one feature of tissue to be
examined;

determining from said data a second transducer path
having a selected distance from said tissue feature; and

transporting said transducer along said second transducer

path while further operating said transducer.

6. A method as specified in claim 5 wherein said first
selected transducer path is linear.

7. A method as specified in claim 5 wherein said trans-
ducer comprises a transducer assembly arranged for diag-
nostic and therapy ultrasonic operation, wherein said trans-
ducer is operated as a diagnostic transducer to record said
data, and wherein said further operating comprises operating
said transducer for therapy.

8. A method as specified in claim 5 further comprising
determining from said data a desired orientation of said
transducer and wherein orientation of said transducer is
controlled to said desired orientation during transporting of
said transducer along said second transducer path.

9. A method as specified in claim 5 wherein said trans-
ducer is transported along a plurality of said first selected
transducer paths to record two dimensional data representing
a contour of said tissue feature, and wherein said determin-
ing of said second transducer path comprises determining
said path to have a selected distance from said contour.

10. A method as specified in claim 9 wherein said deter-
mining said second transducer path comprises determining a
plurality of second transducer paths.

11. A method as specified in claim 5 wherein operating
said transducer to record data comprises recording two-
dimensional data corresponding to a contour of said feature.

12. A method as specified in claim 11 wherein said
determining said second transducer path comprises deter-
mining a plurality of second transducer paths.

13. Apparatus for ultrasonic therapy, comprising:

a transducer assembly including a first diagnostic trans-
ducer and a second therapy transducer each having a
radiation axis with known orientation with respect to
each other, said therapy transducer being responsive to
at least two signals having the same frequency and
variable phase with respect to each other, said therapy
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transducer being responsive to variation of phase of
said signals to change focal position of radiation there-
from,;

a diagnostic system coupled to said diagnostic transducer
for determining distance to a selected reflecting portion
of tissue; and

a phase controller responsive to signals from said diag-
nostic system for controlling phase of said at least two
signals in response to a change in said distance to said
selected portion of tissue.

14. Apparatus for ultrasonic insonification of tissue hav-

ing a tissue contour, comprising:

a transducer for insonifying tissue;

a variable transport apparatus carrying said transducer and
arranged to move said tissue in at least two directions,
including a first direction toward and away from said
transducer and a second direction generally transverse
to said first direction,

a diagnostic system for determining distance of said tissue
contour from transducer and said transport apparatus as
said transducer is moved in said second direction to
thereby determine said tissue contour; and

a transport controller for operating said transport appara-
tus to transport said transducer in said first and second
directions to maintain a selected distance of said trans-
ducer from said tissue contour.

15. Apparatus as specified in claim 14 wherein said
transport apparatus is further arranged to rotate said trans-
ducer about an axis perpendicular to said first and second
directions, and wherein said transport controller is arranged
to control said rotation to maintain a radiation axis of said
transducer in a direction perpendicular to said tissue contour.

16. Apparatus for ultrasonic therapy, comprising:

a transducer assembly arranged to function as a diagnostic
transducer and a therapy transducer for emitting diag-
nostic and therapy ultrasonic beams, each having a
radiation axis with known orientation with respect to
each other;

a signal generator for supplying therapy signals to said
transducer, said signal generator being responsive to
control signals to change focal position of therapy
radiation from said transducer;

a diagnostic system coupled to said diagnostic transducer
for determining position of a selected reflecting portion
of tissue; and

a controller responsive to signals from said diagnostic
system for providing control signals in response to a
change in said position of said selected portion of
tissue.
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