US 20030028111A1

a2 Patent Application Publication (0 Pub. No.: US 2003/0028111 A1

ao United States

Vaezy et al.

(43) Pub. Date: Feb. 6, 2003

(54) NOISE-FREE REAL TIME ULTRASONIC
IMAGING OF A TREATMENT SITE
UNDERGOING HIGH INTENSITY FOCUSED
ULTRASOUND THERAPY

(75) Inventors: Shahram Vaezy, Seaitle, WA (US);
Roy W. Martin, Redmond, WA (US);
Stephen J. Carter, La Conner, WA
(US); George W. Keilman,
Woodinville, WA (US); Victor Y.
Fujimoto, Seattle, WA (US); Lawrence
A. Crum, Bellevue, WA (US)

Correspondence Address:

LAW OFFICES OF RONALD M. ANDERSON
Suite 507

600 - 108th Avenue N.E.

Bellevue, WA 98004 (US)

(73) Assignee: The University of Washington
(21) Appl. No.: 10/166,795
(22) Filed: Jun. 7, 2002

Related U.S. Application Data

(62) Division of application No. 09/397,471, filed on Sep.

17, 1999, now Pat. No. 6,425,867.

(60) Provisional application No. 60/100,812, filed on Sep.

18, 1998.

Publication Classification

(1) It CL oo AG1B. 8/00
(52) US. CL oo 600/439

(57) ABSTRACT

Method and apparatus for the simultancous use of ultra-
sound on a probe for imaging and therapeutic purposes. The
probe limits the effects of undesirable interference noise in
a display by synchronizing high intensity focused ultrasound
(HIFU) waves with an imaging transducer to cause the noise
to be displayed in an area of the image that does not overlap
the treatment site. In one embodiment, the HIFU is first
energized at a low power level that does not cause tissue
damage, so that the focal point of the HIFU can be identified
by a change in the echogenicity of the tissue caused by the
HIFU. Once the focal point is properly targeted on a desired
treatment site, the power level is increased to a therapeutic
level. The location of each treatment site is stored and
displayed to the user to enable a plurality of spaced-apart
treatment sites to be achieved. As the treatment progresses,
any changes in the treatment site can be seen in the real time,
noise-free image. A preferred application of the HIFU waves
is to cause lesions in blood vessels, so that the supply of
nutrients and oxygen to a region, such as a tumor, is
interrupted. The tumor will thus eventually be destroyed. In
a preferred embodiment, the HIFU is used to treat disorders
of the female reproductive system, such as uterine fibroids.
The HIFU treatment can be repeated at spaced-apart inter-
vals, until any remaining fibroid tissue is destroyed.
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NOISE-FREE REAL TIME ULTRASONIC
IMAGING OF A TREATMENT SITE UNDERGOING
HIGH INTENSITY FOCUSED ULTRASOUND
THERAPY

RELATED APPLICATIONS

[0001] This application is based on U.S. provisional patent
application Serial No. 60/100,812; filed on Sep. 18, 1998,
the benefit of the filing date of which is hereby claimed
under 35 U.S.C. §119(e).

GOVERNMENT RIGHTS

[0002] This invention was made under contract with the
United States Department of Defense, under Contract Num-
ber N00014-96-0630, and the United States government
may have certain rights in the invention.

FIELD OF THE INVENTION

[0003] The present invention relates to ultrasonic imaging
and therapy apparatus and method incorporating both ultra-
sonic observation and therapeutic waves, and more specifi-
cally to apparatus and method designed to allow real time,
noise-free imaging of a treatment site to which high intensity
focused ultrasound is directed.

BACKGROUND OF THE INVENTION

[0004] Ultrasound has gained acceptance as an imaging
technique particularly well suited to providing information
about a patient’s internal structures without risk of exposure
to potentially harmful radiation, as may occur when using
X-ray imaging techniques. The first recorded use of ultra-
sound as an imaging technique was by Dr. Karl Dussik, a
Psychiatrist at the hospital in Bad Ischl, Austria; who tried
to locate brain tumors using ultrasound. He used two
opposed probes, including one that transmitted ultrasound
waves, while the other probe received them. With these
probes, he transmitted an ultrasound beam through a
patient’s skull, and used the received signal to visualize the
cerebral structure by measuring the ultrasound beam attenu-
ation. He published his technique in 1942, in an article
entitled, “Hyperphonography of the Brain.”

[0005] Specially manufactured medical diagnostic equip-
ment using ultrasound became available in the 1950°s. An
ultrasound examination is a safe diagnostic procedure that
uses very high-frequency sound waves to produce an image
of the internal structures of the body. Many studies have
shown that these sound waves are harmless and may be used
with complete safety, even on pregnant women, where the
use of X-rays would be inappropriate. Furthermore, ultra-
sound examinations are sometimes quicker and typically
less expensive than other imaging techniques.

[0006] More recently, the use of high intensity focused
ultrasound (HIFU) for therapeutic purposes, as opposed to
imaging, has received significant attention in the medical
community. HIFU therapy employs ultrasound transducers
that are capable of delivering 1,000-10,000 W/cm? at a focal
spot, in contrast to diagnostic ultrasound where intensity
levels are usually below 0.1 W/cm?®. A portion of the
mechanical energy from these high intensity sound waves is
transferred to the targeted location as thermal energy. The
amount of thermal energy thus transferred can be sufficiently
intense to cauterize tissue, or to cause tissue necrosis (by
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inducing a temperature rise to beyond 70° C.) without actual
physical charring of the tissue. Tissue necrosis can also be
achieved by mechanical action alone (i.e., by cavitation that
results in mechanical disruption of the tissue structure).
Further, where the vascular system supplying blood to an
internal structure is targeted, HIFU can be used to induce
hemostasis. The focal point of this energy transfer can be
tightly controlled so as to obtain tissue necrosis in a small
target area without damaging adjoining tissue. Thus, deep-
seated tumors can be destroyed with HIFU without surgical
exposure of the tumor site.

[0007] A particular advantage of HIFU therapy over cer-
tain traditional therapies is that HIFU is less invasive. The
current direction of medical therapy is progressively toward
utilizing less-invasive and non-operative approaches, as will
be evident from the increasing use of laparoscopic and
endoscopic techniques. Advantages include reduced blood
loss, reduced risk of infection, shorter hospital stays, and
lower health care costs. HIFU has the potential to provide an
additional treatment methodology consistent with this trend
by offering a method of non-invasive surgery. HIFU enables
transcutaneous tumor treatment without making a single
incision, thus avoiding blood loss and the risk of infection.
Also, HIFU therapy may be performed without the need for
anesthesia, thereby reducing surgical complications and
cost. Most importantly, these treatments may be performed
on an outpatient basis, further reducing health care cost,
while increasing patient comfort.

[0008] The use of HIFU for the destruction of tumors is a
relatively new technique. The first clinical trials were per-
formed on patients with hyperkinetic and hypertonic disor-
ders (symptoms of Parkinson’s disease). HIFU was used to
produce coagulation necrosis lesions in specific complexes
of the brain. While the treatment was quite successful,
monitoring and guidance of the HIFU lesion formation was
not easily achieved (N. T. Sanghvi and R. H. Hawes,
“High-intensity focused ultrasound,”Gastrointestinal Fndo-
scopy Clinics of North America, vol. 4, pp. 383-95, 1994).
The problem has been that the high energy therapeutic wave
introduces a significant amount of noise into an ultrasound
imaging signal employed to monitor the treatment site,
making simultaneous imaging and treatment difficult.
Indeed, the high energy of the HIFU can completely over-
whelm conventional ultrasonic imaging systems. However,
the advancement of imaging modalities has provided
grounds for renewed research and development of HIFU-
based tumor treatment methods. In general, current methods
involve the use of discrete imaging and therapeutic steps,
i.e., a treatment site is first imaged, therapy is applied, and
the treatment site is again imaged. The therapeutic trans-
ducer is de-energized during the imaging process to elimi-
nate the noise it would otherwise produce. However, the
time required for carrying out each of these discrete steps
has prevented the significant potential of HIFU from being
fully realized, since real-time guidance and monitoring of
HIFU has not been achieved.

[0009] Two HIFU-based systems have been developed for
the treatment of benign prostatic hyperplasia (BPH) in
humans (E. D. Mulligan, T. H. Lynch, D. Mulvin, D. Greene,
J. M. Smith, and J. M. Fitzpatrick, “High-intensity focused
ultrasound in the treatment of benign prostatic hyperplasia,
”Br J Urol, vol. 70, pp. 177-80, 1997). These systems are
currently in clinical use in Europe and Japan, and are
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undergoing clinical trials in the United States. Both systems
use a transrectal HIFU probe to deliver 1,000-2,000 W/cm?
to the prostate tissue through the rectum wall. No evidence
of damage to the rectal wall has been observed during a
rectoscopy, performed immediately after HIFU treatment (S.
Madersbacher, C. Kratzik, M. Susani, and M. Marberger,
“Tissue ablation in benign prostatic hyperplasia with high
intensity focused ultrasound,”Journal of Urology, vol. 152,
pp. 1956-60; discussion 1960-1, 1994). Follow-up studies
have shown decreased symptoms of BPH (i.e., increased
urinary flow rate, decreased post-void residual volume, and
decreased symptoms of irritation and obstruction; see S.
Madersbacher, C. Kratzik, N. Szabo, M. Susani, L. Vingers,
and M. Marberger, “Tissue ablation in benign prostatic
hyperplasia with high-intensity focused ultrasound,”Euro-
pean Urology, vol. 23 Suppl 1, pp. 39-43, 1993). In this prior
art use of HIFU, ultrasound imaging is employed to obtain
pre- and post-treatment maps of the prostate and the treat-
ment area. Significantly, the noise induced in the imaging
signal by the HIFU prevents real time imaging of the
treatment site. Therefore, strict imaging requirements, such
as no patient movement during the entire procedure (thus,
the need for general or spinal anesthesia), limit the perfor-
mance of these systems. It should be noted that respiration
alone can result in sufficient patient movement so that the
HIFU is no longer targeted as precisely as would be desired.
Especially where the treatment site is adjacent to critical
internal structures that can be damaged, the lack of real time
imaging is a significant drawback to an otherwise potentially
very useful treatment methodology.

[0010] HIFU has also been studied for the de-bulking of
malignant tumors (C. R. Hill and G. R. ter Haar, “Review
article: high intensity focused ultrasound—potential for can-
cer treatment,”Br J Radiol, vol. 68, pp. 1296-1303, 1995).
Prostate cancer (S. Madersbacher, M. Pedevilla, L. Vingers,
M. Susani, and M. Marberger, “Effect of high-intensity
focused ultrasound on human prostate cancer in vivo,”Can-
cer Research, vol. 55, pp. 3346-51, 1995) and testicular
cancer (S. Madersbacher, C. Kratzik, M. Susani, M. Pedev-
illa, and M. Marberger, “Transcutaneous high-intensity
focused ultrasound and irradiation: an organ-preserving
treatment of cancer in a solitary testis,”Furopean Urology,
vol. 33, pp. 195-201, 1998) are among the cancers currently
being investigated clinically for potential treatment with
HIFU. An extensive clinical study to extracorporeally treat
a variety of stage 4 cancers is underway in England (A. G.
Visioli, L. H. Rivens, G. R. ter Haar, A. Horwich, R. A.
Huddart, E. Moskovic, A. Padhani, and J. Glees, “Prelimi-
nary results of a phase I dose escalation clinical trial using
focused ultrasound in the treatment of localized tumors,”Eur
J Ultrasound, vol. 9, pp. 11-8, 1999). The cancers involved
include prostate, liver, kidney, hipbone, ovarian, breast
adenoma, and ocular adenoma. No adverse effects, except
one case of skin burn have been observed. Significantly,
none of these studies has addressed the noise issue prevent-
ing the real time imaging of HIFU treatment.

[0011] U.S. Pat. No. 5,471,988 teaches the combination of
a HIFU therapy transducer and an imaging transducer on the
same probe. This patent points out that one of the problems
with the prior art has been obtaining scanning data in
conjunction with the therapeutic operation of the probe, due
to the noise that the therapeutic wave introduces into the
imaging signal. The reference notes that a problem with
non-simultaneous imaging is that in the time frame between
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when the image was last scen, and when the therapy
transducer is energized, it is possible that the probe will
move relative to a target area. Thus, the therapeutic energy
may be applied to an area that is not the desired target. The
patent teaches that it is desirable for the therapy and imaging
transducers operate at different frequencies, e.g., 12 MHz for
the imaging transducer and less than 2 MHz for the thera-
peutic transducer. It is also suggested that incorporating
noise reduction circuitry in the imaging system can help to
reduce the impact of the interfering noise. Unfortunately, it
has been determined that this approach does not work as
effectively as would be desired.

[0012] U.S. Pat. No. 5,769,790 describes another combi-
nation probe that includes transducers for both ultrasonic
imaging and treatment. This patent teaches that prior to the
delivery of therapy, verification of the focal point of the
therapeutic wave is needed and advocates energizing the
therapy transducer at a relatively low power level and using
the imaging transducer to detect the low power ultrasound
waves produced by the therapy transducer that are reflected
from the target site. This technique provides a B-mode
image where the only area in the image to be significantly
illuminated is the focus of the therapy transducer. The image
frame can then be interleaved with or super imposed on a
normal B-mode image frame where both transmit and
receive functions are performed using the imaging trans-
ducer. Once the focal point of the therapy transducer has
been verified in this manner, therapy can be delivered by
applying higher power, longer duration excitation to the
therapy transducer. Significantly, the *790 patent does not
teach the simultaneous scanning of the treatment area with
the ultrasonic signal transmitted by the imaging transducer
while the therapy transducer is operational, nor does the
’790 patent discuss how the noise problem can be addressed.

[0013] U.S.Pat. No. 5,895,356 is directed to a method and
apparatus optimized for the treatment of discases of the
prostate. This reference teaches that the echogenicity of
tissue heated to over 60° C. changes so that when imaged
using an ultrasonic imaging transducer, a bright spot appears
in the viewing field, and that this echogenicity is transient (it
fades with time). The patent also teaches storing the location
of this region of higher echogenicity in a memory of an
imaging system and superimposing the known focal point of
the therapeutic transducer on the display of the imaging
system, so that the therapeutic transducer can be focused on
an area of interest prior to energizing the therapeutic trans-
ducer. The patent teaches imaging using low power ultra-
sound, focusing using the known focal point, ceasing the
imaging, applying a higher power ultrasound therapy, ceas-
ing the therapy, and then using low power ultrasound to
gencrate an image of the area just treated. Significantly, the
patent does not discuss how noise produced by the simul-
taneous operation of imaging and therapeutic ultrasound can
be reduced.

[0014] While the prior art has recognizes the advantages
that real time imaging can provide, a suitable method of
achieving such imaging has not been described. It would be
desirable to provide a method in which simultaneous imag-
ing and therapy can be achieved in real time without a noise
signal degrading the image quality of the treatment site.

[0015] Furthermore, there are many medical conditions
that could benefit from simultaneous treatment and imaging
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using HIFU. In particular, it appears that the treatment of
gynecological and obstetrical disorders could be signifi-
cantly enhanced. For example, uterine fibroids, which are
benign tumors of the uterus and are found in more than half
of all women, could be treated using an image-guided HIFU
therapy system. Approximately 30% of all hysterectomies
are related to these uterine fibroids. Current treatment meth-
ods for uterine fibroids include both drug therapy and
surgery. Drug therapy has virtually a 100% rate of tumor
reoccurrence once the drug therapy has stopped, and the
drug therapy itself includes numerous negative side effects.
The rate of reoccurrence is significantly less (about 15%) for
the surgical therapy, though the surgical procedure is inva-
sive, requiring a significant recovery period, and involves
significant risks, such as blood loss, damage to related
organs, and the ever present risk of infection. It is estimated
that uterine fibroid procedures in the United States alone
account for 1.2 to 3.6 billion dollars in annual medical costs.

[0016] Thus, it would be desirable to develop simulta-
neous or real time imaging and therapeutic ultrasound
methods and apparatus. Initially, such methods and appara-
tus might be optimized for the treatment of uterine fibroids,
and other gynecological and obstetrical disorders. Such
treatment is expected to compare favorably with the costs
for the current drug related therapy for the treatment of
uterine fibroids and should compare favorably with the
higher success rate of the current surgical procedures, but
without the attendant risks.

SUMMARY OF THE INVENTION

[0017] In accord with the present invention, a method is
defined for using ultrasound to simultaneously image a
target area and to provide therapy to a treatment site within
the target area in real time. The method employs a scanning
ultrasonic transducer system adapted to scan a target area
and to provide imaging data for the target area, a processor
adapted to manipulate the imaging data, a display capable of
providing a visual representation of the imaging data to a
user to produce a displayed target area, and a therapeutic
ultrasonic transducer system adapted to provide pulsed
waves of HIFU to the treatment site within the target area.

[0018] The method includes the steps of scanning the
target area to generate the imaging data, and displaying a
visual representation of the imaging data. A treatment site is
selected from within the displayed target area; and the
therapeutic ultrasonic transducer system is energized to
produce the therapeutic waves. Synchronization of the thera-
peutic ultrasonic transducer system relative to the scanning
ultrasonic transducer system is adjusted such that any noise
within the imaging data arising from the therapeutic waves
is shifted away from the image of the treatment site. Thus,
a noise-free image of the treatment site is provided.

[0019] In one embodiment, the therapeutic ultrasonic
transducer system is initially energized at a level that is not
energetic enough to produce a therapeutic effect at the
treatment site, but is sufficiently energetic to produce a
change in the echogenicity of tissue at the treatment site.
This change in echogenicity is detected by the scanning
ultrasonic transducer system, so that the focal point of the
therapeutic ultrasonic transducer system is clearly displayed,
enabling the therapeutic ultrasonic transducer system to be
focused at a desire position for the treatment site. Once
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properly focused, the energy level of the pulsed therapeutic
wave is increased to a therapeutic level that is sufficiently
energetic to produce a desired therapeutic effect.

[0020] In addition to monitoring for changes in the treat-
ment site, the rest of the target area can be monitored to
detect any changes to any non-treatment site area due to the
HIFU. Such a change is undesirable, and when noticed, the
therapeutic ultrasonic transducer system can be de-energized
to prevent further changes to non-treatment site areas, even
if the desired therapeutic effect has not yet been achieved at
the treatment site.

[0021] Preferably, the processor is capable of manipulat-
ing the imaging data by effecting scan conversion process-
ing, color flow processing, Doppler processing, B-mode
processing or M-mode processing. In one embodiment, the
three-dimensional (3D) location of the previously treated
sites are stored and appear on the display.

[0022] In one preferred embodiment, the target area is the
reproductive system of a mammalian female, and the desired
therapeutic effect is applied to a uterine fibroid, an endome-
trial polyp, a follicular cyst, a polycystic ovary, a dermoid
cyst, a corpus luteum cyst, an ectopic pregnancy, a cornual
pregnancy, a multifetal pregnancy, a uterine malformation,
an endometrial hyperplasia, an adenomyosis condition, and
endometriosis condition, or an excessive bleeding condition.
The treatment of disorders of the female reproductive sys-
tem using the method of the present invention can be
achieved by positioning the scanning ultrasonic transducer
system and the therapeutic ultrasonic transducer system
adjacent to the female reproductive system. Vaginal, rectal,
abdominal, and laparoscopic approaches are contemplated.
Accordingly, probes adapted for use in the vaginal canal and
the rectum are also defined. Preferably, these probes incor-
porate both the scanning ultrasonic transducer system and
the therapeutic ultrasonic transducer system. The methods
include the step of inserting the probe into the appropriate
cavity, and advancing the probe until the probe is adjacent
to a target area before energizing the scanning ultrasonic
transducer system. The focal point of the HIFU is positioned
on the pathologic tissue.

[0023] In further embodiments using the above-described
probes, the step of energizing the therapeutic ultrasonic
transducer system generates frequencies within the range of
0.5 MHz to 10 MHz. An even more preferred range for the
therapeutic ultrasonic transducer system is 1 MHz to 3.5
MHz.

[0024] In one embodiment, the therapeutic ultrasonic
transducer system includes a phased array that enables the
focal point of the therapeutic ultrasonic transducer system to
be effectively enlarged. In another embodiment, the thera-
peutic ultrasonic transducer system comprises a vibrating
element that is energized to cause a focal point of the
therapeutic ultrasonic transducer system to be varied. The
step of energizing the vibrating element causes the thera-
peutic ultrasonic transducer system to vibrate with a fre-
quency in the range of 1 to 5 Hz, thereby avoiding the
heating of tissue not associated with the treatment site in the
unfocused regions of the HIFU beam. Alternately, the vibrat-
ing element causes the therapeutic ultrasonic transducer
system to vibrate with a frequency in the range of 10 to 50
Hz, thereby increasing an amount of energy applied to the
treatment site, while avoiding undesired cavitational effects.
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[0025] The method enables HIFU to be used to cause the
cauterization of tissue at the treatment site for arresting
bleeding, preventing bleeding, or causing tissue necrosis.
The HIFU can also be used to cause the necrosis of tissue at
the treatment site by cavitation or thermal effects, or to
ablate tissue at the treatment site.

[0026] Another aspect of the present invention is a method
for treating a tumorous growth by damaging only selected
regions within the tumorous growth. The steps of the method
involve using the scanning ultrasonic transducer system to
produce an image of the target area on the display as a visual
representation of the target area. A selected region from
within the tumorous growth is then selected as a treatment
site.

[0027] The therapeutic ultrasonic transducer system is
focused on the selected region until the desired level of
damage is obtained. A different region within the tumorous
growth is selected; and the steps are repeated until a desired
pattern of damaged areas has been formed in the tumorous
growth. After waiting a period of time sufficient to allow the
macrophagic processes to remove necrotic tissue from the
damaged areas, the treatment is repeated, until the tumorous
growth is substantially destroyed.

[0028] Another aspect of the present invention is directed
to a system for simultaneously imaging and applying treat-
ment using ultrasound. The system includes elements that
carryout functions generally corresponding to the steps of
the methods discussed above.

BRIEF DESCRIPTION OF THE FIGURES

[0029] The foregoing aspects and many of the attendant
advantages of this invention will become more readily
appreciated as the same becomes better understood by
reference to the following detailed description, when taken
in conjunction with the accompanying drawings, wherein:

[0030] FIGS. 1A-1C respectively illustrate ultrasonic
images generated during the simultaneous use of ultrasound
for imaging and therapy according to the prior art, the
pulsing of the HIFU in a conventional scanned image, and
the synchronized pulsing of the HIFU and the scan image so
as to shift the noise away from a displayed treatment site;

[0031] FIG. 2 is a block diagram illustrating the compo-
nents of a system capable of the simultaneous use of
ultrasound for imaging and therapy, in accord with the
present invention,

[0032] FIGS. 3A(1)-3D(4) illustrate timing and synchro-
nization patterns that enable the simultaneous use of ultra-
sound for imaging and therapy;

[0033] FIG. 4 illustrates yet another timing and synchro-
nization pattern for synchronizing the HIFU and imaging
scans;

[0034] FIG. 5A is a schematic view of individual external
imaging and therapeutic ultrasonic transducers being used
for the simultaneous imaging and treatment of a tumor in a
female reproductive system, and FIG. 5B illustrates an
ultrasonic image that would be thus generated,

[0035] FIG. 6 is a schematic view of a vaginal probe that
includes both imaging and therapeutic ultrasonic transducers
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being used for the simultaneous imaging and treatment of a
tumor in a female reproductive system;

[0036] FIG. 7 is a schematic view of a rectal probe that
includes both imaging and therapeutic ultrasonic transducers
being used for the simultaneous imaging and treatment of a
tumor in a female reproductive system,;

[0037] FIG. 8 is a schematic view of a prior art vaginal
probe that includes an imaging transducer;

[0038] FIG. 9 is a schematic view of the distal end of a
vaginal probe and FIG. 9B is a HIFU module adapted to be
used in conjunction with the vaginal probe;

[0039] FIG. 10 is a schematic view of a HIFU module
mounted onto the distal end of a prior art vaginal probe;

[0040] FIG. 11 is a schematic view of a combination
HIFU module and prior art vaginal probe, and an ultrasonic
image produced thereby in which the focal point of the
HIFU module is displayed in a noise-free area of the image,
in accord with the present invention;

[0041] FIG. 12 is a schematic view of a second embodi-
ment of a HIFU module combined with a prior art vaginal
probe;

[0042] FIG. 13 is a cross-sectional view of the second
embodiment of the combination HIFU module and prior art
vaginal probe, including a chamber in fluid communication
with both the imaging and therapeutic transducers;

[0043] FIG. 14 is a schematic view of the second embodi-
ment of the combination HIFU module and prior art vaginal
probe, including the fluid filled chamber and the wave
patterns of both the imaging and therapeutic transducers;

[0044] FIG. 15 is a schematic view of a third embodiment
of a HIFU module combined with the prior art vaginal
probe, including a chamber in fluid communication with
only the therapeutic transducer;

[0045] FIG. 16 is a schematic view of therapeutic and
imaging transducers integrated into a vaginal probe that
includes a paddle-shaped distal end,

[0046] FIG. 17 is a side elevational view of the integrated
probe of FIG. 16 illustrating how a position of the paddle-
shaped head can be varied around a pivot joint;

[0047] FIG. 18 is a schematic view of phased array
therapeutic and imaging transducers of the integrated probe
of FIG. 16, in which the imaging transducer is steerable, and
the focal point of the therapeutic transducers is variable,

[0048] FIG. 19 is a schematic view of a different embodi-
ment of a paddle-headed integrated probe similar to that of
FIG. 16, in which the orientation of the imaging transducer
has been shifted by 90°, thus shifting the scanning field by
90°;

[0049] FIG. 20 is a schematic view of a different embodi-
ment of a paddle-headed integrated probe similar to that of

FIG. 18, in which the therapy transducer is steerable in the
same plane as the imaging transducer;

[0050] FIG. 21 is a schematic view of phased array
therapeutic and imaging transducers of an integrated probe
in which both the imaging transducer and the therapy
transducer are steerable along both their longitudinal and
latitudinal axes; and
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[0051] FIG. 22 is a schematic block diagram of a 3D
imaging and HIFU therapy system that enables the HIFU
therapy to be applied at selected treatment sites in a 3D
image of a target area.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0052] As noted above in the Background of the Inven-
tion, the prior art has recognized that real time imaging of
therapeutic HIFU would be beneficial in a number of
treatment methodologies. From a practical standpoint this is
not proven easy to do, because the HIFU used for therapy
completely saturates the signal provided by the imaging
transducer. One analogy that might help to make this prob-
lem clear relates to the relative intensities of light. Consider
the light coming from a star in the evening sky to be
equivalent to the low power imaging ultrasound waves that
are reflected from a target area toward the imaging trans-
ducer, while the light from the sun is equivalent to the HIFU
generated by the therapy transducer. When the sun is out, the
light from the stars is completely overwhelmed by the light
from the sun, and a person looking into the sky is unable to
see any stars, because the bright light from the sun com-
pletely masks the dim light coming from the stars. Similarly,
the HIFU emitted by the therapy transducer completely
overwhelms the ultrasonic waves produced by the imaging
transducer and any ultrasonic image generated is completely
saturated with noise caused by the HIFU from the therapeu-
tic transducer.

[0053] FIG. 1A illustrates an ultrasound image 10 in
which a scanned field 12 is completely obscured by noise 14,
caused by the simultaneous operation of an imaging pulse
and a HIFU wave (neither shown). In ultrasound image 10,
a clinician may desire to focus the HIFU wave on a
treatment site 18. However, because noise 14 completely
saturates scanned field 12, it is impossible to accurately
focus the HIFU wave onto treatment site 18. If the therapy
transducer is completely de-energized, noise 14 is elimi-
nated from the scanned field. However, under these condi-
tions, the focal point of the HIFU wave will not be seen, and
thus, the HIFU wave cannot be accurately focused on
treatment site 18. While some change in echogenicity at the
HIFU focal point will persist for a time even after the HIFU
wave is gone, any change in a position of the therapy
transducer (or treatment site 18), would not register until the
therapeutic transducer is re-energized, thus the HIFU wave
is cannot be focused in real time.

[0054] Some prior art systems have included a targeting
icon in an ultrasound image to indicate where the known
focal point of a specific HIFU transducer would be located
in a scanned image. While this icon may be helpful in
determining whether the HIFU was previously focused, it
still did not enable a clinician to observe real-time results.
Once the HIFU therapeutic transducer was energized, the
scanned ultrasound image was completely saturated with
noise and the clinician could not monitor the progress of the
treatment without again de-energizing the HIFU therapeutic
transducer.

[0055] FIG. 1B illustrates one technique in which the
amount of noise disrupting the ultrasound image is reduced.
In FIG. 1B, the HIFU wave generated by the therapeutic
transducer has been pulsed. This technique produces an
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ultrasound image 20, in which the location of noise 24 in a
scanned field 22 is a function of the interference between the
pulsed HIFU wave generated by the therapy transducer and
the ultrasonic imaging pulses generated by the scanning
transducer. In FIG. 1B, noise 24 substantially masks a
treatment site 28. This result would not occur in all cases, as
to an observer noise 24 would move across scanned filed 22
as the interference between the HIFU waves and the imaging
pulses varied in time. Pulsing of the HIFU wave alone would
thus allow the clinician to view a noise-free image of the
treatment site only when noise 24 was randomly shifted to
a different part of scanned field 22, away from the treatment
site. However, such pulsing alone generates an image that is
extremely distracting to a clinician, as noise 24 flickers
across scanned field 22, making it difficult to concentrate
and difficult to consistently determine where the focal point
of the HIFU wave is relative to the treatment site, in real
time.

[0056] FIG. 1C illustrates an ultrasound image 30 in
which a HIFU wave from a therapy transducer has been both
pulsed and synchronized with respect to the ultrasonic
imaging pulses from an imaging transducer, to ensure that
noise 34 does not obscure a treatment site 38. In ultrasound
image 30 noise 34 has been shifted to a location within a
scanned field 32 that is spaced apart from treatment site 38,
by selectively adjusting both the pulsing and the synchro-
nization of the HIFU wave. Preferably, noise 34 is shifted
completely away from treatment site 38, thus allowing the
clinician a noise-free stable image of treatment site 38 that
clearly shows the location of the focal point of the HIFU
wave relative to the treatment site. Thus, the HIFU wave can
be focused in real time onto treatment site 38, and a clinician
can, in real time, view the therapeutic effects of the HIFU
wave on treatment site 38. It will be apparent that a clinician
can de-energize the therapeutic transducer, thereby ceasing
the generation of the HIFU wave, as soon as a desired
therapeutic effect has been achieved at the treatment site. In
this manner, undesired effects on non target tissue can be
minimized.

[0057] The terms “therapeutic transducer,”HIFU trans-
ducer,” and “high intensity transducer,” as used herein and
in the claims that follow all refer to a transducer that is
capable of being energized to produce ultrasonic waves that
are much more energetic than the ultrasonic pulses produced
by an imaging transducer, and which can be focused or
directed onto a discrete location, such as a treatment site in
a target area. However, not all ultrasonic waves produced by
such a transducer are at a high intensity in at least one
embodiment of the present invention, as will be explained
below.

[0058] FIG. 2 illustrates a block diagram of an embodi-
ment of the present invention that synchronizes the image
and HIFU waves required for the simultaneous imaging and
therapy in real time. An ultrasound imaging machine 40 is
an ultrasound imaging system of the type that is well known
to those of ordinary skill in the art and can be purchased
from vendors such as ATL Inc., of Bothell, Wash. An
imaging probe 44 that is also of a type well known to those
of ordinary skill in the art is connected to ultrasound imaging
machine 40 via a cable 42. Imaging probe 44 generates
ultrasonic imaging pulses that propagate to the target area,
are reflected from structure and tissue within the body, and
are received by the imaging probe. The signal produced by
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the imaging probe in response to the reflected ultrasound
waves is communicated to the ultrasound imaging machine
through cable 42 and processed to provide a visual repre-
sentation of the structure and tissue that reflected the ultra-
sonic imaging pulses. An imaging beam sector 46 from
imaging probe 44 is identified in the Figure by dash lines.
Also included in the present invention is a therapeutic
transducer 60. When excited, this therapeutic transducer
generates HIFU waves that are focused at a particular point
of interest, i.e., a treatment site within a patient’s body. In
FIG. 2, the path of a HIFU beam 62 is indicated by dotted
lines. HIFU beam 62 narrows to a focal point 64. Those of
ordinary skill in the art will recognize that position of focal
point 64 relative to therapeutic transducer 60 is a function of
the geometry of the therapeutic transducer and will normally
depend upon the application. For example, a therapeutic
transducer that will be used to apply HIFU therapy to the
uterus of a patient from within the vaginal canal (see FIG.
6) will have a different optimum focal point than a thera-
peutic transducer used to apply treatment to the uterus from
outside a patient’s body (see FIG. 5).

[0059] TItshould be noted that ultrasound imaging machine
40 differs from prior art systems in several ways, including
its inclusion of a synchronization output signal 48. Prefer-
ably, ultrasound imaging machine 40 is modified to enable
synchronization output signal 48 to be obtained. Because
such a synchronization output signal has not been required
for prior art ultrasonic imaging applications, provision of a
synchronization output signal has generally not been made
in prior art ultrasound imaging machines. If a prior art
imaging machine that has not been modified to provide
synchronization output signal 48 is used, the synchroniza-
tion output signal can instead be derived from the ultrasonic
imaging signal conveyed by cable 42.

[0060] Synchronization output signal 48 is supplied to a
synchronization delay circuit 50. Synchronization delay
circuit 50 enables the user to selectively vary the initiation
of each HIFU wave with respect to each sequence of
ultrasonic imaging pulses that are generated to form an
ultrasonic image. Referring to FIG. 1C, delay 50 enables a
user to vary the position of noise 34 in scanned field 32, so
that the noise is moved away from treatment site 38, to a
different portion of scanned field 32. The user is thus
provided a noise-free image of treatment site 38.

[0061] A HIFU duration circuit 52 is used to control the
duration of the HIFU wave. A longer duration HIFU wave
will apply more energy to the treatment site. Generally, the
more energy that is applied to a treatment site, the faster a
desired therapeutic effect will be achieved. However, it
should be noted that if the HIFU wave is too long, the
duration of noise 34 as shown in ultrasound image 30 will
increase and can extend into the next ultrasound imaging
pulse to obscure treatment site 28, or may completely
obscure ultrasound image 30, generating a display very
similar to ultrasound image 10 in FIG. 1A. Thus, the user
will have to selectively adjust HIFU duration circuit 52 to
obtain a noise-free image of treatment site 38, while pro-
viding a sufficient level of energy to the treatment site to
effect the desired therapeutic effect in an acceptable time.

[0062] A HIFU excitation frequency generator 56 is used
to generate the desired frequency for the HIFU wave, and a
power amplifier 58 is used to amplify the signal produced by
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the HIFU excitation frequency generator to achieve the
desired energy level of the HIFU wave; power amplifier 58
is thus adjustable to obtain a desired energy level for the
HIFU wave. Optionally, a stable synchronization signal
gencrator 66 can be used to synchronize the HIFU wave to
the imaging ultrasonic wave, instead of using synchroniza-
tion output signal 48 from ultrasound imaging machine 40.
Stable synchronization signal generator 66 can be used to
provide a stable synchronizing pulse to initiate the HIFU
wave, and the timing of this stable synchronizing pulse can
be selectively varied until a noise-free image of the treat-
ment site has been obtained. A drawback of using stable
synchronization signal generator 66 instead of synchroniza-
tion output signal 48 is that any change in the timing of the
ultrasound imaging pulses, such as is required to scan deeper
within tissue, will require an adjustment to stable synchro-
nization signal generator 66 that would not be required if
synchronization output signal 48 were used. The processor
will be able to automatically find a stable synchronization
signal using information from the movement of the noise.

[0063] FIGS. 3A(1)-3D(4) and FIG. 4 provide further
detail for the synchronization and pulsing features of the
present invention. FIG. 3A(1) shows ultrasound imaging
pulses 46a produced by imaging machine 40 and imaging
probe 44 that are used to acquire an ultrasound image of a
target area (such as ultrasound image 30 of FIG. 1C). A
synchronization pulse 48« is shown in FIG. 3A(2). It should
be noted that synchronization pulse 48a is illustrated as
occurring before the generation of ultrasound imaging
pulses 46a; however, the timing of synchronization pulse
48a relative to the imaging pulses is not critical, so long as
it is stable. Synchronization pulse 484 merely establishes a
timing reference point, from which a delay 50a (shown in
FIG. 3A(3)), used for the initiation of the HIFU wave, is set
such that noise from the HIFU wave in an ultrasonic image
generated by imaging pulses 46a is shifted away from the
image of the treatment site. The delay 50a is not fixed, and
it is adjusted by the user until a noise-free image of the
treatment site is obtained.

[0064] AHIFU duration 52a, shown in FIG. 3A(4), deter-
mines the duration of the HIFU wave. HIFU duration 52a
may be very brief, as shown in FIG. 3A(4), or extended, as
shown in FIGS. 3B(4) and 3C(4). An increase in the duration
of the HIFU wave will cause a greater portion of an
ultrasound image to be obscured by noise, and may cause the
HIFU wave to interfere with the image of the treatment site.
In FIG. 3A4), delay 52a is very short, and the resulting
noisy region in the ultrasound image will be very small.
However, a short duration HIFU wave means a correspond-
ingly small amount of HIFU energy will be delivered to the
treatment site, thus increasing the length of the treatment. A
clinician must balance the length of HIFU duration needed
to maintain a noise-free image of the treatment site against
the time required to complete the therapy. It should be noted
that as an alternative to using HIFU duration 52« to control
the HIFU excitation frequency generator to variably set the
duration of the HIFU wave, the HIFU excitation frequency
generator itself could be adjusted to control the duration.

[0065] FIGS. 3B(1)-3C(4) similarly illustrate timing pat-
terns that incorporate different settings for the delay relating
to the initiation of the HIFU wave (setting 505 in FIG.
3B(2), and setting 50c in FIG. 3C(2)) and delay relating to
the duration of the HIFU wave (setting 52b in FIG. 3B(3),
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and setting 52¢ in FIG. 3C(3)). FIGS. 3D(1)-3D(4) illustrate
a timing pattern that enables a longer duration HIFU wave
(thus more energy applied to the treatment site) to be used,
while still enabling a noise-free image of the treatment site
to be generated. In FIG. 3D(1), ultrasound imaging pulses
46b and 46¢ appear to be much shorter than in FIGS. 3A(1),
3B(1) and 3C(1), but actually are of the same duration, as the
scales of FIGS. 3D(1)-3D(4) have been significantly
increased. Synchronization pulse 484 of FIG. 3D(2) is
obtained and used as described above. A delay 504 in FIG.
3D(3) is set to obtain a noise-free image of the treatment site,
also as described above; however, as will be clarified below,
not all of these synchronization pulses govern the image that
is produced, as the delay 52d dominates. The significant
difference between FIGS. 3D(1)-3D(4) and FIGS. 3A(1)-
3C(4) is that delay 524 has been significantly increased in
FIG. 3D, such that a very long burst of HIFU energy is
emitted, almost to the point of continuous emission. Here,
the noise-free imaging occurs only every seventh image,
during interrogation wave 46¢. By adjusting delay 52, more
or fewer images will be interfered with, and therefore,
various duty cycle lengths for HIFU exposure can be accom-
modated. It should be noted as the number of images
interfered with by the HIFU wave increases (here, 6 out of
7), the resulting image of the target area will arguably
provide less real-time feedback. However, the actual time
between visible images of the treatment site may be so short
as to appear to occur in real time. But, at very high settings
for the HIFU duration (such as to cause the HIFU wave to
interfere with 99 out of 100 images of the treatment site), the
advantages associated with real-time imaging of the treat-
ment site are diminished. Thus, the HIFU duration will
preferably not be set so high as to negate the benefits of
real-time imaging of the treatment site and its ability to
provide the clinician with immediate feedback concerning
the effect of the therapy on the treatment site.

[0066] FIG. 4 illustrates another timing sequence that
shows the relationships between ultrasound imaging pulses
46d, a synchronization pulse 48b, a delay 50e, and a HIFU
duration 52e. In this timing sequence, synchronization pulse
48b occurs during the ultrasound imaging pulses 464, rather
than preceding the ultrasound imaging pulses, as shown in
FIGS. 3A-3D. As noted above, the position of each syn-
chronization pulse 48b relative to the ultrasound imaging
pulses is not critical, as delay 50e is adjusted to shift the
noise away from the image of the treatment sight. Again, the
duration of the HIFU wave (and thus, the energy applied to
the treatment sight) is varied either by adjusting delay 52e,
as shown in FIG. 4, or by adjusting the HIFU excitation
generator.

[0067] Imaging of HIFU Focal Point

[0068] It will often be important for a clinician to be able
to confirm that the focal point of a HIFU transducer is
directed at a desired treatment site before initiating HIFU
therapy. It has been determined that if the energy level of a
HIFU transducer is reduced to a level less than a level that
would cause any damage to tissue, the focal point of the
HIFU transducer will still be evident within the target area
displayed in the image developed from the reflected ultra-
sound signal produced and received by the ultrasound imag-
ing transducer. The focal point will appear as a bright spot
in the displayed image and will rapidly fade over time. Thus,
it is possible for a clinician to move the HIFU transducer as
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necessary to shift the focal point to a desired treatment site
in the target area being imaged by the ultrasound imaging
transducer and to see the focal point in the image as a bright
spot that moves as the position of the HIFU transducer is
changed. Only after the focal point is positioned on a desired
treatment site will the clinician increase the energy of the
ultrasound pulses produced by the HIFU transducer to a
level sufficient to achieve the desired therapeutic effect, e.g.,
to a level sufficient to necrose tissue, or cause hemostasis. It
should be noted that the ultrasound imaging transducer is not
receiving the ultrasound signal produced by the HIFU
transducer that is reflected by the tissue, but instead, is likely
imaging the effect of the change in echogenicity of the tissue
caused by the relatively low energy ultrasound burst pro-
duced by the HIFU transducer. This technique can be used
with any of the HIFU transducers discussed below.

[0069] A further advantage of the preceding technique for
imaging the focal point of a HIFU transducer can be
achieved by storing the image of each successive treatment
site, which will appear as a bright area in the image produced
by the ultrasound imaging transducer system. For example,
a storage type display, of the type readily available, can be
used for this purpose. By storing the image of each treatment
site to which the HIFU therapy has previously been admin-
istered during a current session, it is possible for a clinician
to target spaced-apart treatment sites in the target area,
thereby ensuring the HIFU therapy has been administered to
all of the desired portion of a tumor or other structure in the
patient’s body. Since each previous treatment site will be
visible in the image, it will be apparent that a desired pattern
of treatment sites can readily be laid down over the tumor or
other structure of interest. The change in echogenicity
caused by a relatively high energy therapeutic HIFU wave
will be brighter and persist longer in the display, enabling
the clinician to easily distinguish between a current prospec-
tive focus point for the next treatment site (produced using
the low energy pulse) and the previous treatment sites to
which the HIFU therapy has already been administered.

[0070]

[0071] In FIG. 22, a block diagram is illustrated for a
system 200 that enables imaging of a target area in 3D and
storing of the locations of treatment sites to which the HIFU
therapy has been administered in the 3D image as a HIFU
therapy session proceeds. The system includes a 3D image
data processor and display 202, an image acquisition section
204, a magnetic field sensor 206, a magnetic field generator
208, and 6D electronic processing circuitry 210. The latter
three components are employed to track the imaging target
area and the HIFU focal point as they are redirected in the
3D space and are part of a six-dimensional (6D) measure-
ment system (ic., three spatial coordinates for the 3D
orthogonal axes and three angles of rotation around these
three orthogonal axes). A 6D measurement system is com-
mercially available from Ascension Technology, Burlington,
Vt. This 6D measurement system uses 6D electronic pro-
cessing circuitry 210 and magnetic field generator 206 to
produce time sequential orthogonally oriented magnetic
fields covering a general area as indicated in the Figure by
the dash line that encompasses the region of magnetic field.
Magnetic field sensor 206 is mounted on a combined imag-
ing and HIFU therapy probe 212 in a fixed manner relative
to imaging and HIFU transducers 214. The magnetic field
sensor detects the magnetic field strength in 3D sequentially

3D Imaging System
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produced by the magnetic field generator. The 6D electronic
processing circuitry uses the information from the magnetic
field sensor and the known magnetic fields that were pro-
duced to compute the 3D position and the three angular
orientations around the three orthogonal axes of the mag-
netic field sensor (and thus, of the combined imaging and
HIFU therapy probe) with respect to the magnetic field
generator, yielding the 6D information. The 6D information
is supplied to 3D image data processor and display 202 at a
rate sufficient to enable movement of the magnetic field
sensor to be tracked in the displayed 3D image of the target
area. With information derived from calibrating system 200
with the imaging probe, the position of the target area and
the HIFU transducer focal point can be related to a 3D
spatial point, so long as magnetic field sensor 206 is within
the range of the magnetic field produced by magnetic field
generator 208. 3D image data processor and display 202 also
receive ultrasound image information from an ultrasound
imaging machine 216 through image acquisition section
204. Tt uses this information to develop and display 3D
information. Ultrasound imaging machine 216 provide the
synchronization signal to a HIFU control and electrical
energy generating system 218, as discussed above. The
remaining component in FIG. 22 is a physiological infor-
mation acquisition section 220, which enables synchroniza-
tion of the imaging and HIFU therapy with physiological
activity, such as respiration or cardiac activity (provided by
an electrocardiogram system—not shown). Use of the physi-
ological information avoids problems associated with move-
ment of the patient’s body due to physiological activity. For
example, 3D imaging and HIFU therapy can be control so
that they are implemented only at the end of expiration in the
breathing cycle, since motion of the patient is more repeat-
able then than at mid inspiration. A physiological sensor
such as a respiration detector (not shown), which is well
known in the art, can provide the information for this section
of the system.

[0072] As noted above, by storing the location of each of
the treatment sites where HIFU therapy has been adminis-
tered during a therapy session, a clinician will be able to
determine where each successive treatment site should be
targeted to achieve a desired pattern of HIFU therapy within
a tumor or other region of interest. The bright spot in the 3D
image showing the location of each previous treatment site
greatly facilitates this targeting process and enables a
desired pattern of HIFU therapy to be achieved with con-
siderable accuracy.

[0073] By using the 3D display to view the progression of
successive treatment sites, other types of therapeutic results
can be achieved. For example, the HIFU therapy can be
employed to create a plurality of lesions on blood vessels
supplying blood to a tumor, cutting off the supply of
nutrients and oxygen to the tumor provided by the blood
supply. Thus, it is possible to destroy a tumor without
directly using the HIFU therapy to destroy tumor tissue. The
results of this technique are similar to those arising from the
procedure referred to as “embolization,” in which a clot-
inducing material is introduced into the vessel using a small
catheter, but the HIFU therapy can achieve the same result
non-invasively and can treat vessels that are too small or
otherwise not accessible to render treatment through a
catheter. Embolization is a relatively new technique and has
been used to treat a variety of conditions, including uterine
fibroids. While the ability to store the location of previous
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treatment sites so that they are shown on a displayed 3D
image of the target area is not essential to this use of HIFU
therapy, it will be evident that the display of the treatment
sites used to create lesions in the vessels will facilitate this
procedure. . Further, it should be noted that using HIFU to
occlude (or induce hemostasis in) the blood vessels that
supply oxygen and nourishment to a structure within the
body can be used in conjunction with other imaging tech-
niques, such as CT, MRI, or angiography.

[0074] Another imaging technique that is likely to be
useful to a clinician when using HIFU to create lesions in
blood vessels is Doppler Flow imaging, which can be used
to represent blood vessels supplying a structure with blood
in one color, and blood vessels that remove blood from a
structure in a second color. As those of ordinary skill in the
art will readily recognize, the circulation of blood within
these blood vessels either adds to or subtracts from the
imaging wave, enabling blood vessels having blood flowing
in opposite directions to be differentiated from one another.

[0075] A final imaging technique that will likely be ben-
eficially employed by a clinician using HIFU to create a
lesion in a blood vessel is the use of conventional ultrasound
imaging contrast agents. Not only will the use of such agents
provide the clinician with a more useful ultrasonic image,
but it is anticipated that such agents may actually increase
the effectiveness of the HIFU in producing the desired
lesion.

[0076] Use of Anesthetic Agent to Enhance Image of Low
Power HIFU at a Treatment Site

[0077] While operating a HIFU transducer at a substan-
tially reduced power to determine the location of its focal
point within a target area will produce a bright spot visible
in the image, it may sometimes be desirable to enhance the
visibility of the focal point in the image—in either a 2D or
3D image. The change in echogenicity of the tissue due to
the administration of a relatively low power HIFU wave to
the tissue is what enables the location to be seen in the image
of the target area. However, it is believed that a substantially
brighter spot showing where the HIFU wave (at low power)
was focused can be achieved if an anesthetic agent other
blood soluble agent having a relatively high vapor pressure
has previously been administered to the patient. Use of such
agents, which will readily vaporize when exposed to the
slight elevated temperatures caused by low power ultra-
sound on tissue, should produce small bubbles at the focal
point of the HIFU transducer. These bubbles will produce a
substantially brighter spot in the ultrasound image and at an
even lower energy level of the HIFU transducer than the
spots produced by the low energy HIFU waves when no
such agent has been administered to the patient. Reduction
of the HIFU energy to an even lower level will further ensure
that the focal point of the HIFU transducer can be seen in the
ultrasound image produced by the imaging transducer with-
out risk of damage to tissue that is not to be treated.

[0078]

[0079] Major advantages to real-time imaging of thera-
peutic HIFU while it is being applied are: (1) the HIFU
treatment can be stopped when a therapeutic produced lesion
has grown to the point at which it begins to extend beyond
the desired treatment site, and the HIFU focal point can then
be repositioned to another treatment site and reactivated; (2)

Advantage of Simultaneous, Real-Time Imaging
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the focal point of the HIFU wave can be observed in the
image due to changes in the echogenicity of the tissue at the
focal point, which are apparent in the images of the target
area, providing an instant feedback that can enable a clini-
cian to adjust the focal point onto a desired treatment site;
(3) the HIFU focal point can be adjusted during the admin-
istration of the HIFU therapy to compensate for tissue
movement within the patient’s body due to breathing or for
other reasons; (4) real-time visualization of a treatment site
is very reassuring to the medical therapist, in confirming that
the HIFU energy is being applied to the correct position (and
that healthy tissue is not being damaged); (5) the combined
imaging and therapeutic treatment can be accomplished
much faster than in the past, when it was necessary to render
treatment, stop the treatment, image the site, and then
continue the treatment; and, (6) it enables the clinician to
administer the HIFU therapy in a desired pattern of treat-
ment sites so that, for example, a matrix of necrotic points
in a tumor can be achieved to de-bulk the tumor without
treating all of the tumor. Further details of how each of these
advantages are achieved by the present invention are dis-
cussed below.

[0080] FIGS. 5-7 illustrate how a variety of different
configurations of HIFU transducers and imaging transducers
can be used to simultaneously provide real-time imaging and
therapy to an internal treatment site within a patient’s body.
It is expected that HIFU therapy with real-time imaging can
be beneficially employed to treat a variety of disease con-
ditions. In particular, it is envisioned that conditions relating
to the reproductive system of a mammalian female will
particularly benefit from HIFU therapy with real-time imag-
ing, as ultrasonic imaging itself is widely used in association
with the female reproductive system. It is envisioned that
HIFU therapy can be applied to a uterine fibroid, an endome-
trial polyp, a follicular cyst, a polycystic ovary, a dermoid
cyst, a corpus luteum cyst, an ectopic pregnancy, a cornual
pregnancy, a multifetal pregnancy, a uterine malformation,
an endometrial hyperplasia, an adenomyosis condition, and
endometriosis condition, or an excessive bleeding condition.
The treatment of disorders of the female reproductive sys-
tem using the method of the present invention can be
achieved by positioning the scanning ultrasonic transducer
system and the therapeutic ultrasonic transducer system
adjacent to the female reproductive system. Vaginal, rectal,
abdominal and laparoscopic approaches are contemplated.

[0081] In FIG. 5, both a HIFU transducer 102 and an
imaging transducer 104 are disposed external to the patient’s
body. The reflected ultrasound waves received by imaging
transducer 104 are used to generate an ultrasound image
100. In FIG. 5, the HIFU is being used to treat a tumor 110
on a uterus 111 of the patient. Imaging transducer 104 is
positioned so that tumor 110 is clearly displayed in ultra-
sound image 100. Also visible in ultrasound image 100 is a
cross section of a rectum 106. HIFU transducer 102 is being
used to destroy tissue in tumor 110. The necrotic tissue is
clearly visible as a lesion 112 in both the cross section of the
body and in ultrasound image 100.

[0082] FIG. 6 illustrates an embodiment in which a HIFU
transducer 1024 and an imaging transducer 1044 have been
combined on a vaginal probe 109. Vaginal probe 109 has
been inserted into a vaginal canal 108a and positioned to
enable imaging transducer 104a to be used in generating an
ultrasonic image of a tumor 110a4. Once tumor 110z has been
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located, HIFU transducer 102a is focused on a selected
portion of tumor 110a to which the clinician desires to
administer the HIFU therapy to generate a lesion 112a. The
HIU therapy is used to destroy the tumor by causing lesions
of the blood vessels supplying oxygen and nutrients to the
tumor, thereby generating a plurality of lesions similar to
lesion 112a, so that the tumor withers away, or by destroying
spaced-apart portions of the tumor. Particularly if the latter
technique is used, the HIFU therapy will likely be repeated
at intervals of several weeks. The time between successive
therapy sessions enables macrophages in the patient’s body
to clear away or debride the necrotic tissue from the tumor
so that it is reduced in size with each therapy session and
eventually destroyed.

[0083] FIG. 7 illustrates a rectal probe 1094, which incor-
porates a combination of a therapy transducer 1025 and an
imaging transducer 104b. Rectal probe 109z has been
inserted into a rectum 106b of the patient, and the imaging
transducer is being used to locate a tumor 110b. Once tumor
1105 has been located, therapy transducer 10256 is focused
on the desired portion of the tumor, and HIFU therapy is
administered to a treatment site 112b, until the desired
therapeutic effect is achieved.

[0084] FIGS. 9-19 provide details of preferred embodi-
ments of probes that can be used to simultaneously provide
imaging and therapy to a treatment site. It should be noted
that the method of simultaneously imaging and providing
treatment using ultrasound can be applied to different loca-
tions in or on a patient’s body to treat a variety of medical
conditions. One application of a preferred embodiment of
the present invention is employed, by way of example, to
provided simultaneous ultrasonic imaging and HIFU
therapy of a uterine fibroid. However, it should be under-
stood that the simultaneous imaging and therapy using the
described method is not at all limited to the treatment of
uterine fibroids, or even the treatment of gynecological or
obstetrical disorders.

[0085] For an exemplary application of the present inven-
tion described below, a vaginal ultrasonic imaging probe is
employed. Vaginal ultrasonic imaging probes are well
known in the prior art. FIG. 8 illustrates one such prior art
ultrasonic vaginal imaging probe, which is a Model C9-5
transvaginal probe available from ATL Inc. of Bothell,
Wash. It is envisioned that several different types of HIFU
transducers can be mounted onto the standard transvaginal
imaging transducer probe to allow the simultaneous imaging
and therapy of treatment sites related to the female repro-
ductive system, in accord with the present invention.

[0086] Transducer and Probe Design for the Vaginal
Application of HIFU to Treat Uterine Fibroids

[0087] As noted above, an exemplary application of the
present invention is a vaginal probe incorporating both
imaging and therapeutic transducers. As HIFU transducer
design is a function of the location of the desired treatment
site, the following discussion is useful in determining pre-
ferred design parameters for a vaginal probe combining
imaging and therapeutic transducers optimized for applying
HIFU therapy to uterine fibroids.

[0088] The relationship between the distance from the
HIFU transducer to the focus (focal length) and the surface
area of the aperture is well known to those of ordinary skill
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in the art. For a circular aperture, the j# (or relative aperture)
is defined as being equal to the “focal length divided by the
diameter of the aperture”. Alow number is preferred, as this
insures a highly focused beam, thereby minimizing any
undesired effects of the HIFU beam on adjacent tissue. A
preferred number is 1; but a number as high as 1.75 can be
used, therefore a practical range is from 1-1.75. The lower
the number, the tighter the focus, and the greater the
intensity of the HIFU beam will be at the focus, with respect
to the HIFU beam intensity at the surface of the transducer.
This is important because a high intensity is required at the
focal point to achieve a desired therapeutic effect in a short
period of time. Conversely, moderate or low intensities are
needed at the surface of the transducer, so that the HIFU
beam generated at the surface of the transducer can pass
through the tissue intermediate to the transducer surface and
the focal point. This intermediate tissue is affected by the at
this point unfocused HIFU beam as it passes through the
intermediate tissue to the focal point. If the unfocused HIFU
beam is of sufficiently low intensity, the effect of the
unfocused HIFU beam on the intermediate tissue will be
negligible. As the unfocused HIFU beam approaches the
focal point, the intensity increases as the HIFU beam
becomes more focused, until a sufficient intensity is obtained
at the focal point to achieve a desired therapeutic effect.
Generally, the effect a HIFU beam has on tissue is to heat the
tissue (though HIFU can also have a mechanical effect on
tissue via cavitation). Therefore a low intensity at the surface
of the transducer is desired to minimize the heating of the
intermediate tissue, while for successful treatment, the tissue
at the focus must be heated much more rapidly in order to
achieve therapeutic temperatures at the focus without undue
heat build up in the intermediate tissue. Therefore, it is very
important to know the maximum distance from the trans-
ducer that one desires to treat, to determine the maximum
focal length required. At the same time, one must have an
understanding of the largest size aperture that one can
physically introduce into the vaginal tract.

[0089] Based on a review of obstetrical and gynecological
literature, the applicants experience, and a study of duckbill
speculums (medical devices used for the inspection of the
vagina and cervix.), applicants have identified that the
external opening of the vaginal canal generally has a cir-
cumferential dimension which ranges from of 10-12 cm.
Since the vaginal entrance is longitudinal in nature, a probe
having a distal end that is “paddle” or “spoon” shaped would
be most beneficially employed. Practical transducer consid-
erations require that the distal end of the probe (the logical
point for mounting a therapeutic transducer) would be at
least 0.5 cm thick, and that the widest portion of this
“paddle” design would range from 4.5-5.5 cm. Since the
vagina is a muscular structure that is quite strong, it can be
stretched somewhat further, but this is uncomfortable for the
patient. Therefore, it is preferred that the widest portion of
the paddle range from 4.5-6 cm.

[0090] The design of a preferred focal length necessitated
an analysis of where within the vaginal canal the probe will
be positioned, and where uterine fibroids are likely to occur.
Preferably the probe will be positionable in the vagina at the
cervix. The vaginal fornices are potential spaces formed by
folds within the vaginal canal around the cervix, extending
5-6 cm along the uterus. Therefore, near the cervix, the
vaginal cavity has a larger space, allowing either a larger
probe, or the manipulation of a smaller probe, to achieve
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imaging and therapy of a desired site in the uterus. Based on
a review of obstetrical and gynecological literature, the size
range of uterine fibroids is from 1-15 cm, and the length of
the uterus is approximately 5-6 cm. Therefore, a maximum
focal length of about 20 cm would reach an entire fibroid
located at the distal end of the uterus. Based on applicants’
practical experience, it is anticipated that 20%, 35%, 50%,
75%, and 80% of all uterine fibroids will be within the
respective distances of 4 cm, 6 cm, 8 cm, 10 cm and 12 cm
respectively. From a cost/benefit point of view, a combina-
tion imaging and therapeutic vaginal probe needs to be able
to treat at least 35% of uterine fibroids, and more preferably
50%. Therefore a preferred therapeutic transducer must be
able to treat to a depth of at least 6 cm, and more preferably
8 cm.

[0091] The design of different embodiments of a vaginal
probe including both imaging and therapeutic transducers is
preferably limited to designs in which the largest circum-
ferential dimension of the combination probe (measured
generally transverse to a longitudinal axis of the probe) is
about 10.6 cm, which is a nominal limit in size to enable the
combination imaging and therapy transducer to be readily
inserted through the vaginal opening and into the vaginal
canal.

TABLE 1

Percentage of Fibroids Treatable for Relative Apertures
with an area equivalent to a Circular Aperture

Circular Aperture Relative Apertures (f #)

Diameter (cm) 1.25 1.5 1.75
4.5 <35% >35% 50%
5 35% <50% <75%
5.5 <50% 50% <75%
6 <50% <75% 75%
6.5 50% <75% <80%
7 <75% 75% 80%
7.5 <75% <80%
8 <75% 80%
8.5 75%
9 <80%
9.5 80%

[0092] Based on the calculations for a circular aperture

and practical relative apertures, Table 1 provides informa-
tion of the relative percentages of uterine fibroids that can be
treated with a specific circular aperture. For a circular
aperture of 4.5 cm, just less than 35% of all uterine fibroids
can be treated with a relative aperture of 1.25. This then
defines the minimum diameter of circular applicator as 4.5
cm, based on the design parameter of being able to treat 35%
of uterine fibroids encountered. An elliptic aperture may also
be used, in which case the minor axis represents the trans-
verse direction, and thus the limiting dimension of a probe
that can readily be inserted into the vagina. An elliptical
surface area is larger than a circular surface if the minor axis
length equals the diameter of the circular surface, and the
major axis is greater than the minor axis. By using an
elliptical surface, the focal length is greater than for a
circular surface for a given relative aperture number. There-
fore, with a two to one ratio of major to minor axis for
example, a 9/4.5 ratio would exist for the minor axis chosen.
Referring to Table 2, this is equivalent to a 6.5 cm diameter
circular aperture. Looking at Table 1, for the equivalent of
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a 6.5 cm diameter circular aperture, the percentage of
fibroids that can be treated are 50%, <75% , and 75%,
respectively, for relative apertures of 1.25, 1.5, and 1.75.

[0093] These results therefore dictate a vaginal probe with
a HIFU transducer that has a distal end that is paddle or
spoon shaped, with a minimum transverse dimension of 4.5
cm, and a maximum circumferential dimension (measured
generally transverse to a longitudinal axis of the probe) of
about 10.6 cm. No other devices cited in the prior art for use
in other body orifices are suitable for a vaginal application
of HIFU for the treatment of uterine fibroids. The size,
shape, and configuration of such a combination imaging and
therapy vaginal probe are believed to be specific to this
particular access path through the vaginal canal, for render-
ing the HIFU therapy in treating obstetrical and gynecologi-
cal medical conditions.

TABLE 2

Major axis length (cm) for a given a minor axis length
that gives an ellipsoidal area equal to the area of a
circular aperture of a specific diameter.

Diameter

Circular Ellipsoid Minor Axis Length (cm)

Aperture 4.5 5 55 6
4.5 4.5 4.1 3.7 34
5 5.6 5.0 4.5 4.2
55 6.7 6.1 5.5 5.0
6 8.0 7.2 6.5 6.0
6.5 9.4 8.5 7.7 7.0
7 10.9 9.8 8.9 8.2
7.5 12.5 11.3 10.2 9.4
8 14.2 12.8 11.6 10.7
8.5 16.1 14.5 13.1 12.0
9 18.0 16.2 14.7 13.5
9.5 20.1 18.1 16.4 15.0

[0094] FIG. 9 illustrates a first embodiment for mounting

a HIFU module 123 onto a distal end of a prior art trans-
vaginal imaging probe 120. Transvaginal imaging probe 120
includes an imaging transducer array 122. HIFU module 123
is sized and shaped to fit over the distal end of transvaginal
imaging probe 120 and incorporates a cylindrical shaft 124
that has a cylindrical bore 126. Cylindrical bore 126 is sized
to easily slide over the distal end of transvaginal imaging
probe 120 and in its wall is disposed a plurality of fluid
passages 130. Those of ordinary skill in the art will readily
understand that ultrasonic waves do not readily pass through
air gaps, and water or other fluid filled balloons are often
used to conduct an ultrasonic wave between the ultrasonic
transducer from which it is transmitted and a target of
interest. Fluid passages 130 are used to circulate degassed
water through a balloon 140 (FIG. 10) that surrounds HIFU
module 123. It is important that the water be degassed, as
bubbles within the water increase cavitational effects, which
will attenuate the ultrasonic waves. The water circulating
through the balloon provides cooling to the transducer
elements to avoid an unwanted buildup of heat. It is cur-
rently common practice to use a condom for a balloon,
although other inert and flexible elastomeric materials could
be used.

[0095] In FIG. 10, vaginal probe 120 has been inserted
into cylindrical bore 126 of cylinder 124, and the imaging
transducer array 122 is disposed within a void 138. Shaft
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124 also includes electrical leads 128, which connect the
HIFU transducer to the power amplifier that drives the HIFU
transducer. Located atop cylinder 124 is a HIFU transducer
mounting base 136. It should be noted that HIFU transducer
mounting base 136 is also hollow, such that the transvaginal
imaging probe 130 may pass completely through the center
of HIFU transducer mounting base 136 so that imaging
transducer array 122 is disposed within void 138 (sce FIG.
9B). This configuration enables imaging transducer array
122 to transmit an ultrasound imaging pulse to the target of
interest.

[0096] As shown in FIG. 10, HIFU therapy transducer
132 1s pivotally mounted to HIFU transducer mounting base
136 at a pivot joint 134. This pivotal mounting enables a
clinician to selectively target a wider variety of treatment
areas within the female reproductive system by rotating the
HIFU transducer about pivot joint 134. It is envisioned that
the disposition of the HIFU transducer on pivotal mounting
134 will be adjusted prior to inserting the combination
transvaginal probe and HIFU module into the vaginal canal.
The angle of the HIFU transducer should be adjusted based
on the relative position of the target area and treatment site.
Once in the vaginal canal, the combination transvaginal
imaging probe and HIFU module can be moved to a position
that enables an ultrasonic image of the target area to be
observed on a display and then adjusted to focus the HIFU
wave onto a desired treatment site within the target area.

[0097] It is envisioned that a mechanical linkage (not
shown) connected to HIFU transducer 132 can be added to
enable the HIFU transducer to be selectively rotated about
pivot joint 134 while the combination transvaginal probe
and HIFU module is in the vaginal canal. This capability
would provide a clinician greater flexibility in focusing the
HIFU transducer on a particular treatment site. However, it
should be noted that a skilled clinician can initially select an
angle for the HIFU transducer relative to the longitudinal
axis of the transvaginal imaging probe, insert the combina-
tion vaginal probe and HIFU module into the vaginal canal,
and then manipulate the combination imaging probe and
HIFU module while in the vaginal canal to acquire the image
of the target area and focus the HIFU beam on the desired
treatment site.

[0098] FIG. 11 illustrates an ultrasonic image 142 super-
imposed on the combination transvaginal probe and HIFU
transducer illustrated in FIG. 10 (but without balloon 140).
In FIG. 11, the HIFU transducer 132 has been focused on a
treatment site 144. The synchronization and pulsating ele-
ments described earlier have been used to shift a noise
section 146 away from treatment site 144, such that the
clinician is provided with a noise-free real-time image of
treatment site 144.

[0099] FIG. 12 illustrates another embodiment of a com-
bination imaging and therapy transducer based on a prior art
transvaginal imaging probe. A therapy transducer module
150 has been mounted onto transvaginal imaging probe 120.
The design of the module is constrained by the anatomy
involved in the transvaginal application of HIFU to uterine
fibroids, as discussed above. Module 150 is mounted at the
tip of the vaginal probe, and contains an opening through
which the scan head (imaging transducer) transmits an
ultrasound wave to obtain an image of the uterus, the fibroid,
and any other structure of interest. The opening allows about
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one half of the scan head to transmit the imaging ultrasound
wave. The other half is covered by the module assembly, and
does not have a window for imaging, and therefore does not
contribute to the image. In other words, half of the ultra-
sound image obtained by the vaginal probe in this configu-
ration is masked by the assembly and is blank. The main
housing of the module is made of biocompatible, medical
grade plastic. A chamber 158 can be filled with a fluid, such
as degassed water, for the purpose of coupling the HIFU to
adjacent tissue. A water circulation system is used to circu-
late degassed cold water through chamber 158 for both
cooling of the HIFU transducer and carrying away any
cavitation bubbles that may be generated during the HIFU
excitation. The water conduits extend through the plastic
housing and two holes disposed on opposite sides of a
central passage (not shown). Stainless steel needle stock can
be employed for tubes 155 carrying the water in and out of
the chamber. Tubes 155 run along the shaft of the vaginal
probe adjacent to a coaxial cable 153 employed for ener-
gizing the HIFU transducer. A cover 159 attaches the mem-
brane which forms chamber 158 to module 150.

[0100] Further details of therapy transducer module 150
are provided in FIG. 13. A HIFU transducer 154 is disposed
on a rim cut inside a brass bowl 152 that is affixed with an
appropriate adhesive to module 150. An electrical connec-
tion to the HIFU transducer is made through coaxial cable
153 that runs along the shaft of the probe. Preferably, the
HIFU transducer is a concave, fixed focused transducer,
operating at a center frequency of about 2.0 MHz. The radius
of curvature of this embodiment of the HIFU transducer is
about 55 mm, and its aperture diameter is about 35 mm. The
focus of the HIFU transducer is within the imaging plane of
the imaging probe (preferably an ATL, Inc., Model C9-5
transvaginal probe). In fact, the imaging plane intersects the
HIFU beam envelope (cone shaped) through its center,
placing both the focus and the HIFU beam longitudinal axis
in the imaging plane, as can be seen in FIG. 14.

[0101] The HIFU transducer frequency was selected based
on several requirements, including: (1) the ability to admin-
ister HIFU therapy to uterine fibroids up to a maximum
distance of about 6 cm from the cervix; and, (2) an intensity
gain of about 20 dB from the transducer surface to the focal
spot, providing about 1,000 W/cm? at the focus, and about
50 W/cm? at the transducer surface. These are all reasonable
values for both treatment and transducer operation. Two
different embodiments of chambers containing degassed
water are contemplated for the purpose of coupling the
HIFU to adjacent tissue. These embodiments include a
chamber containing just the HIFU transducer, and a chamber
containing both the HIFU transducer and the imaging scan
head.

[0102] FIG. 14 illustrates a combination transvaginal
probe and HIFU transducer with both the imaging and HIFU
transducer energized and chamber 158 filled with fluid. The
HIFU transducer produces a cone-shaped HIFU wave 162
that is focused at a focal point 166. The imaging transducer
generates a scanning ultrasound wave 160. It should be
noted that HIFU wave 162 is within scanning wave 160.
Thus, focal point 166 can be readily seen in the image
provided by scanning ultrasound wave 160.

[0103] FIG. 15 illustrates an alternative design of a
therapy transducer module 170 mounted on transvaginal
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imaging probe 120. As in the previous embodiment, imaging
transducer array 122 is partially occluded by module 170,
and thus only a partial ultrasound image is generated. A
HIFU therapy transducer 174 is mounted on a brass ring
178, in a manner similar to the configuration in the previous
embodiment. A fluid filled chamber 158a encloses HIFU
therapy transducer 174. The most significant difference
between the embodiment illustrated in FIG. 15 and the
embodiments illustrated in FIGS. 13 and 14 is that fluid
filled chamber 158a of FIG. 15 only encloses HIFU therapy
transducer 174, and not imaging transducer array 122 as
well.

[0104] FIGS. 16 and 17 illustrate an embodiment of
probe usable in the present invention in which the HIFU
therapy transducer and imaging transducer have been inte-
grated into a single device. It is anticipated that as the
combination of real-time imaging and HIFU therapy gains
acceptance, clinicians will desire an integrated device rather
than a HIFU transducer and a imaging transducer configured
as two separate components, mounted together on a single
probe. An integrated imaging transducer and a therapy
transducer are formed as a combination transvaginal probe
180 as shown in these Figures. FIG. 17 illustrates that the
angle of a paddle head 186 containing both the therapy and
imaging transducers is movable relative to the body of
combination transvaginal probe 180. As was discussed in
regard to the first embodiment of the transducer module that
included the pivoting HIFU transducer, it is expected that
paddle head 186 will be placed in a desired position prior to
placing combination transvaginal probe 180 into a patient’s
vaginal canal. However, it is again envisioned that a linkage
mechanism can be incorporated that will enable paddle head
186 to be moved relative to the handle portion of combina-
tion transvaginal probe 180, while the paddle head is dis-
posed in the vaginal canal. As noted earlier, the paddle head
configuration is particularly well suited for use in the vaginal
canal.

[0105] FIGS. 18 and 19 illustrates the paddle head probe
with imaging transducers 182 and 182a positioned at two
different angles relative to the longitudinal axis of the paddle
head. In FIG. 18, imaging transducer 182 is generally
parallel to the axis, while in FIG. 19, an imaging transducer
1824 forms an angle of 90° relative to the axis. Those of
ordinary skill in the art will recognize that the spatial
orientation of the imaging transducer determines the plane
of the scanning field. It should be noted that imaging
transducers 182 and 182a comprise a one-dimensional (1D)
phased array of transducer elements, and a linear array
concentric ring HIFU transducer 184 is provided. Those of
ordinary skill in the art will readily understand that the 1D
phased array imaging transducers allow the ultrasound
waves that are generated thereby to be steered and focused
through a substantial range in a plane, while the concentric
phased array of the HIFU transducer can only be electroni-
cally focused at different points along its central axis. The
probe can thus remain stationary while the scanning ultra-
sonic wave are steered and/or focused at a target area and the
HIFU waves are focused on a treatment site within the target
area.

[0106] Also shown in FIG. 19 is a vibrating element 190.
When activated, vibrating element 190 causes the focal
point of the therapeutic ultrasonic wave to be varied, thus
enlarging the size of the treated area within a limited portion
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of the target area without requiring the clinician to move the
probe. Preferably, the clinician can select from two vibra-
tional patterns; a first pattern that involves a vibrational
frequency in the range of 1 to 5 Hz (thereby avoiding the
heating of tissue not associated with the treatment site), and
a second pattern that involves a vibrational frequency in the
range of 10 to 50 Hz (thereby increasing an amount of
energy applied to the treatment site, while avoiding undes-
ired cavitational effects). While a specific type of vibrating
element is not required, it is envisioned that readily available
electromechanical vibrating elements will be employed for
this purpose. It should be noted that vibrating element 190
could be beneficially incorporated into other probe embodi-
ments as well, and is not limited to only the embodiment
illustrated in FIG. 19.

[0107] FIG. 20 illustrates a paddle head 186' of a combi-
nation transvaginal probe 180" that includes imaging trans-
ducer 182 and a HIFU transducer 184a4. Both imaging
transducer 182 and HIFU transducer 184a comprise 1D
phased array elements oriented so that the respective imag-
ing and therapeutic ultrasound signals can be steered and
focused in substantially the same plane, ie., in a plane
aligned with a longitudinal axis of the combination trans-
vaginal probe. The 1D phased array elements of HIFU
transducer 184a are generally semi-circular is shape, due to
its slightly concave configuration.

[0108] In FIG. 21, a paddle head 192 of a combination
transvaginal probe 194 is illustrated. Paddle head 192
includes a two-dimensional (2D) phased array imaging
transducer 196 and a 2D phased array HIFU transducer 198.
The 2D phased array elements of both the imaging trans-
ducer and HIFU transducer can thus be electronically
steered and focused within a substantial conical volume,
providing the clinician the capability to electronically con-
trol the location of the target area that is imaged and the
location of the treatment site to which the HIFU waves are
administered.

[0109] Mice Study

[0110] A laboratory study has shown that uterine fibroid
tumors in a mouse can be treated completely, achieving
nearly 100% shrinkage, using HIFU therapy. An Abstract of
a paper submitted to the American Journal of Obstetrics and
Gynecology to describe this study is included below, with
minor modifications.

[0111] The objective of the study was to investigate the
potential efficacy of high intensity focused ultrasound
(HIFU) for the treatment of uterine fibroid tumors. A total of
60 female athymic nude mice were inoculated subcutane-
ously with 3-5x10° ELT-3 cells, a uterine fibroid tumor cell
line. Tumor development was monitored using subcutaneous
caliper measurements of the tumors. The HIFU probe was a
concave, single-element high-power transducer, operating at
a frequency of 3.5 MHz, and an intensity of 2000 WM/cm>.
The HIFU treatment consisted of scanning the tumors for
30-60 seconds, based on the tumor size. A single HIFU-
treatment resulted in a tumor reduction of 91% within one
month of the treatment. Histological analysis of HIFU-
treated tumors showed coagulation necrosis, and nuclear
fragmentation of tumor cells. It is thus concluded that the
HIFU effectively reduced uterine fibroid tumor size in a
nude mouse model. Further studies are needed to assess the
in-situ response of uterine fibroids to HIFU treatment.

Feb. 6, 2003

[0112] This study presents an important result; uterine
fibroids can be treated at least twice to achieve a desired
tumor shrinkage percentage. Several treatments could pro-
vide an optimal outcome for the patient. Such method may
be valuable for large tumors that may not shrink to a desired
volume, with a single treatment.

[0113] EKER Rat Study

[0114] Another study has shown that HIFU therapy can
cause shrinkage of uterine fibroid tumors in a rat model
(EKER rats). This study was conducted on an in-situ model
of the uterine fibroid. Sham-treated animals did not show
any tumor shrinkage. Instead, their tumors grew to about 85
times the volume at the time of treatment. In contrast,
HIFU-treated animals showed tumor shrinkage of about
80% (20% of the volume at the time of treatment, after 3
months). Of particular interest in the results obtained in this
study is the response of individual animals to the treatment.
When tumors were completely treated, shrinkage was not
optimal, perhaps due to fibrosis of the necrotic tumor instead
of the absorption by the body. It should be noted that a
histological analysis has not been performed yet to provide
a definitive conclusion. When tumors were incompletely
treated, especially when areas of viable tumor existed
around the HIFU lesion, shrinkage was optimal, with mini-
mal fibrosis.

[0115] This study presents an important result; an effective
tumor de-bulking with significant shrinkage may be pro-
vided by HIFU-treatment procedures that create scattered
lesions in the tumor, to allow body’s macrophage absorption
of the necrosis area, without fibrosis. This procedure may be
combined with the above procedure of multiple treatments
to achieve complete shrinkage and/or optimal de-bulking to
a desired volume.

[0116]

[0117] Also investigated was the inflammatory response
of the body to HIFU treatment, and its possible effect on
tumor necrosis. A host of cytokines (non-antibody proteins,
released by macrophages (actively phagocytic cells), on
contact with a specific antigen and which act as intercellular
mediators, as in the generation of immune response) are
known to be involved in such inflammatory response. It has
been shown that therapeutic ultrasound has a stimulatory
effect on the production of cytokines. The cytokine produc-
tion is a signaling mechanism that results in attraction of
more macrophages, and an enhanced immune response.

[0118] This study presents an important implication. The
inflammatory response of the body to HIFU treatment may
provide an enhanced rate of tumor shrinkage due to
enhanced cytokine production. This mechanism may pro-
vide grounds for a treatment procedure that involves the
production of scattered HIFU lesions in the uterine fibroid
tumor, and obtaining an optimal tumor shrinkage due to
enhanced immune response.

[0119]

[0120] Synergistic effects of therapeutic ultrasound and
anti-tumor compounds may provide a mechanism for treat-
ment for uterine fibroids, involving a combination therapy
using both anti-tumor drugs and HIFU. This management
has two possibilities, including the use HIFU with the drugs
currently available for uterine fibroids (GnRH agonists).

Cytokine Study

Synergistic Treatment



US 2003/0028111 Al

These drugs can shrink the fibroids temporarily. As soon
they are discontinued, the fibroids grow back to their origi-
nal size. Since these drugs have side effects, they are
primarily used for shrinking the fibroids before a myomec-
tomy (surgical removal of the fibroids). HIFU treatment may
be performed at the time when maximal shrinkage of the
tumors due to drugs has occurred, thereby fixing the tumor
size and preventing tumor re-growth. The second possibility
is to use HIFU with the new anti-tumor compounds which
may offer further advantages.

[0121] Methods of Administering the HIFU Therapy

[0122] Several methods for administering HIFU therapy
of uterine fibroids are envisioned. These include the treat-
ment of the entire tumor in a single procedure. It has been
observed that a complete tumor treatment (100% shrinkage)
may be obtained using this method. Alternatively, the tumor
may be treated in several sessions, with sufficient time
between each session for the macrophages in the patient’s
body to clear away the necrotic tissue resulting from the
previous treatment session, effectively debriding the treat-
ment side and exposing remaining tumor tissue for the next
HIFU therapy session. In each session, a remaining part of
the tumor is treated. A complete tumor treatment (100%
shrinkage) in all of the tumors treated using this method has
been observed. Scattered HIFU lesions in a tumor may also
provide an optimal shrinkage, with minimal fibrosis. Several
HIFU therapy sessions may be needed to completely eradi-
cate the tumor. Further, as noted above, the treatment of a
tumor using a combination of HIFU and drugs may yield
synergistic results, particularly by beginning the HIFU
therapy when the maximum benefit of the drug therapy on
the tumor has been realized.

[0123] Although the present invention has been described
in connection with the preferred form of practicing it and
modifications thereto, those of ordinary skill in the art will
understand that many additional modifications can be made
thereto within the scope of the claims that follow. Accord-
ingly, it is not intended that the scope of the invention in any
way be limited by the above description, but instead be
determined entirely by reference to the claims that follow.

The invention in which an exclusive right is claimed is
defined by the following:
1. Amethod for using ultrasound to simultaneously image
a target area and to provide therapy to a treatment site
disposed within said target area, producing a lesion in a
blood vessel that occludes a blood supply relative to a
region, comprising the steps of:

(a) providing:

(i) a scanning ultrasonic transducer system adapted to
scan a target area and to provide imaging data for
said target area;

(ii) a processor adapted to process said imaging data;

(iii) a display capable of providing a visual represen-
tation of said imaging data to a user; and

(iv) a therapeutic ultrasonic transducer system adapted
to provide waves of high intensity focused ultra-
sound (HIFU) to said treatment site;
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(b) energizing said scanning ultrasonic transducer system
to continually scan said target area to produce said
imaging data,

(¢) displaying a visual representation of said imaging data
to the user on the display to produce a displayed target
area;

(d) sclecting the treatment site from within the displayed
target area proximate a blood vessel supplying blood to
the region; and

(e) directing the therapeutic waves of the HIFU at the
treatment site with the therapeutic ultrasonic transducer
system, said therapeutic ultrasonic transducer system
being synchronized relative to the scanning ultrasonic
transducer system such that any noise in said imaging
data arising from said therapeutic waves is shifted away
from the treatment site in the displayed target area,
enabling the treatment site to be observed in real time
as the therapeutic waves of the HIFU are administered
to the treatment site, said therapeutic waves being of
sufficient intensity to form a lesion in the blood vessel
that occludes the blood vessel, preventing blood from
continuing to flow into the region, so that oxygen and
nutrients conveyed by blood flowing through the blood
vessel do not reach the region.

2. The method of claim 1, further comprising the steps of:

(a) initially energizing the therapeutic ultrasonic trans-
ducer system at a reduced energy level so as to produce
a pulsed wave that is not energetic enough to produce
a therapeutic effect at the treatment site, but is suffi-
ciently energetic to produce a change in an echogenic-
ity of tissue at the treatment site, a focal point of the
therapeutic ultrasonic transducer system being visually
apparent in the displayed target area visually repre-
sented on the display where the echogenicity of the
tissue has thus been changed;

(b) moving the focal point of the therapeutic ultrasonic
transducer system to a desired position; and

(¢) increasing the energy level of the therapeutic ultra-
sonic transducer system to a therapeutic level to gen-
erate the therapeutic waves with sufficient energy to
produce a desired therapeutic effect at the focal point.

3. The method of claim 2, further comprising the step of:

(a) storing the visual representation of the focal point in
the displayed target area for the position at which the
therapeutic waves of the HIFU are being administered;

(b) reducing the energy level of the therapeutic ultrasonic
transducer system to the reduced level of the pulsed
wave after the desired therapeutic effect has been
achieved at the focal point;

(¢) moving the focal point of the therapeutic ultrasonic
transducer system to a different desired position to
define a new treatment site, said focal point be visually
apparent in the displayed target area due the change in
the echogenicity caused by the reduced level of the
pulsed wave at the new treatment site in relationship to
the visual representation of the focal point stored in
step (a) of this claim;

(d) energizing said therapeutic ultrasonic transducer sys-
tem; thereby producing the therapeutic waves of HIFU
directed at the new treatment site; and
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(e) repeating steps (a)-(d) of this claim until the thera-
peutic waves of HIFU have been administered to all
desired treatment sites, the visual representation of all
focal points on the display at which the therapeutic
waves of the HIFU were previously administered
enabling positions of each new treatment sites to be
readily selected in relationship to previous treatment
sites.

4. The method of claim 1, further comprising the steps of:

(a) monitoring the displayed target area on the display for
any changes in an area outside the treatment site caused
by the therapeutic waves of HIFU delivered to the
treatment site; and

(b) de-energizing the therapeutic ultrasonic transducer
system to prevent further changes to the area outside
the treatment site, even if the desired therapeutic effect
has not yet been achieved at the treatment site.

5. The method of claim 1, further comprising the step of
processing the imaging data to effect at least one of: a scan
conversion processing, a color flow processing, a Doppler
processing, a B-mode processing, and an M-mode process-
ing.

6. The method of claim 1, wherein the target area is
associated with a reproductive system of a mammalian
female.

7. The method of claim 6, wherein the therapeutic waves
of the HIFU are administered to produce a lesion in the
blood vessel to therapeutically affect a region that includes
one of: a uterine fibroid, an endometrial polyp, a follicular
cyst, a polycystic ovary, a dermoid cyst, a corpus luteum
cyst, an ectopic pregnancy, a cornual pregnancy, a multifetal
pregnancy, a uterine malformation, an endometrial hyper-
plasia, an adenomyosis condition, an endometriosis condi-
tion, an excessive bleeding condition, a placental abruption,
a fetal anomaly, and a twin-twin infusion.

8. The method of claim 1, further comprising the step of:

(a) providing a probe incorporating both the scanning
ultrasonic transducer system and the therapeutic ultra-
sonic transducer system and having a size and shape
adapted to be inserted through one of:

(i) a human vaginal canal;

(i) a human rectum;

(iii) a human abdominal cavity; and
(iv) a laparoscopic dermal incision;

(b) inserting the probe through a part of the human body
through which it is adapted to be inserted; and

(¢) advancing the probe until it is adjacent to the target
area before energizing the therapeutic ultrasonic trans-
ducer system.

9. The method of claim 1, wherein said therapeutic
ultrasonic transducer system generates the therapeutic
waves of the HIFU at frequencies within the range of 0.5
MHz to 10 MHz.

10. The method of claim 2, further providing a blood
soluble material that has a high vapor pressure, and further
comprising the step of administering the blood soluble
material to the selected blood vessel before initially ener-
gizing the therapeutic ultrasonic transducer system at a
reduced energy level, such that bubbles produced by the
interaction of the blood soluble material and the therapeutic
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wave at a focal point of the therapeutic wave are detected by
the scanning ultrasonic transducer system..

11. The method of claim 1, wherein the therapeutic
ultrasonic transducer system comprises a phased array of
ultrasonic transducers, said step of directing the therapeutic
waves comprising the step of varying a position of a focal
point of the phased array.

12. The method of claim 11, wherein the phased array of
ultrasonic transducers comprises a plurality of concentric
transducer elements.

13. The method of claim 1, wherein the therapeutic
ultrasonic transducer system includes a vibrating element,
further comprising the step of energizing the vibrating
element to vary a focal point of the therapeutic ultrasonic
transducer system.

14. The method of claim 13, wherein the step of energiz-
ing the vibrating element comprises the step of causing the
therapeutic ultrasonic transducer system to vibrate with a
frequency in the range of 1 to 5 Hz so that the position of the
focal point within the target area is varied.

15. The method of claim 13, wherein the step of energiz-
ing the vibrating element comprises causing the therapeutic
ultrasonic transducer system to vibrate with a frequency in
the range of 10 to 50 Hz, thereby increasing an amount of
energy applied to the treatment site while avoiding undes-
ired cavitational effects.

16. The method of claim 1, further comprising the step of
causing a focal point of the therapeutic ultrasonic transducer
system to be varied within the target area in a random
manner.

17. The method of claim 1, wherein administering the
therapeutic waves to produce the lesion cause at least one of:
arresting a bleeding at the treatment site, preventing bleed-
ing at the treatment site, and causing tissue necrosis at the
treatment site.

18. The method of ¢laim 17, wherein the necrosis of tissue
at the treatment site is caused by cavitation effects.

19. The method of claim 1, wherein a desired therapeutic
effect of administering the therapeutic waves is one of an
ablation of tissue at the treatment site and a hemostasis at the
treatment site.

20. A method for using ultrasound to visualize and to
provide therapy to a treatment site within a target area, such
that an image is displayed to a clinician in real time, to
continually provide feedback to the clinician relating to a
focal point of therapeutic waves of high intensity focused
ultrasound (HIFU) and a change in the treatment site, said
method enabling a plurality of lesions to be produced in
blood vessels supplying a region to occlude blood flow
through the blood vessels into the region, comprising the
steps of:

(a) providing:

(i) a scanning ultrasonic transducer system adapted to
scan the target area with a probe and to provide
imaging data for said target area;

(ii) a processor adapted to process said imaging data;

(iii) a display that provides a visual representation of
said imaging data to a clinician; and

(iv) a therapeutic ultrasonic transducer system adapted
to provide the pulsed waves of the HIFU from the
probe;
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(b) positioning the probe of the scanning ultrasonic trans-
ducer system and energizing the scanning ultrasonic
transducer system so that an image comprising a visual
representation of the target area is continually gener-
ated on the display as a displayed target area,

(¢) directing the therapeutic ultrasonic transducer system
at a prospective treatment site that is within the dis-
played target area;

(d) initially energizing the therapeutic ultrasonic trans-
ducer system at a reduced energy level that is so as to
produce a pulsed wave that is not energetic enough to
produce a therapeutic effect at the treatment site, but is
sufficiently energetic to produce a change in an echoge-
nicity of tissue at the treatment site, a focal point of the
therapeutic ultrasonic transducer system being visually
apparent in the displayed target area visually repre-
sented on the display where the echogenicity of the
tissue has thus been changed;

(e) moving the focal point of the therapeutic ultrasonic
transducer system to a desired position on a blood
vessel,

(D) increasing the energy level of the therapeutic ultra-
sonic transducer system to a therapeutic level to pro-
duce the therapeutic waves with sufficient energy to
produce a lesion in the blood vessel at the focal point;
and

(g) repeating steps (c) through (f) for treatment sites
comprising each additional blood vessel from the plu-
rality of blood vessels, until blood flow into the region
is substantially terminated.

21. The method of claim 20, further comprising the step

of:

(2) storing the visual representation of the focal point in
the displayed target area for the position at which the
therapeutic waves of the HIFU are being administered,

(b) reducing the energy level of the therapeutic ultrasonic
transducer system to the reduced level of the pulsed
wave after the desired therapeutic effect has been
achieved at the focal point;

(c) moving the focal point of the therapeutic ultrasonic
transducer system to a different desired position within
the displayed target area to define a new treatment site,
said focal point be visually apparent in the displayed
target area due the change in the echogenicity caused
by the reduced level of the pulsed wave at the new
treatment site in relationship to the visual representa-
tion of the focal point stored in step (a) of this claim;

(d) energizing said therapeutic ultrasonic transducer sys-
tem; thereby producing the therapeutic waves of HIFU
directed at the new treatment site; and

(¢) repeating steps (2)-(d) of this claim until the thera-
peutic waves of HIFU have been administered to all
desired treatment sites, the visual representation of all
focal points on the display at which the therapeutic
waves of the HIFU were previously administered
enabling positions of each new treatment sites to be
readily selected in relationship to previous treatment
sites.
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22. The method of claim 20, further comprising the step
of monitoring the displayed target area to determine with the
desired effect has been obtained at a current treatment site
before administering the therapeutic waves of the HIFU to
a new treatment site.

23. The method of claim 20, further comprising the step
of processing the imaging data to effect at least one of: a scan
conversion processing, a color flow processing, a Doppler
processing, a B-mode processing, and an M-mode process-
ing.

24. The method of claim 20, wherein the target area is the
reproductive system of a mammalian female, and the thera-
peutic waves of the HIFU are administered to the region to
treat at least one of: a uterine fibroid, an endometrial polyp,
a follicular cyst, a polycystic ovary, a dermoid cyst, a corpus
luteum cyst, an ectopic pregnancy, a cornual pregnancy, a
multifetal pregnancy, a uterine AV malformation, an
endometrial hyperplasia, an adenomyosis condition, an
endometriosis condition, and an excessive bleeding condi-
tion.

235. The method of claim 20, wherein the probe has a size
and shape adapted to be inserted through one of: a vaginal
canal, a rectum, an abdominal cavity, and a laparoscopic
incision, further comprising the steps of:

(a) inserting the probe into an area of the body through
which the probe is adapted to be inserted; and

(b) advancing the probe until the probe is adjacent to the
target area.

26. The method of claim 20, wherein said therapeutic
ultrasonic transducer system generates the therapeutic
waves of the HIFU at frequencies within the range of 0.5
MHz to 10 MHz.

27. The method of claim 26, wherein said therapeutic
ultrasonic transducer system generates the therapeutic
waves of the HIFU at frequencies within the range of 3.4
MHz to 3.6 MHz.

28. The method of claim 20, wherein the therapeutic
ultrasonic transducer system comprises a phased array of
transducer elements that enable focusing of the therapeutic
waves of the HIFU.

29. The method of claim 28, wherein the phased array of
transducer elements are arranged in a concentric pattern.

30. The method of claim 20, wherein the therapeutic
ultrasonic transducer system includes a vibrating element,
further comprising the step of energizing the vibrating
element to vibrate the therapeutic ultrasonic transducer
system, so that a focal point of the therapeutic ultrasonic
transducer system is varied.

31. The method of claim 30, wherein the step of energiz-
ing the vibrating element comprises causing the therapeutic
ultrasonic transducer system to vibrate at a frequency in the
range of from 1 to 50 Hz.

32. The method of claim 20, wherein the desired effect
produced by causing lesions that occlude the plurality of
blood vessels comprises one of a cauterization of tissue, a
necrosis of tissue, and an ablation of tissue at the treatment
site.

33. Amethod for treating a tumorous growth by damaging
selected regions within the tumorous growth, comprising the
steps of:



US 2003/0028111 Al

(a) providing:

(i) a scanning ultrasonic transducer system adapted to
scan a target area and to produce imaging data for
said target area,

(ii) a processor adapted to process said imaging data;

(iii) a display that is adapted to present a visual repre-
sentation of said imaging data; and

(iv) a high intensity ultrasonic transducer system that is
adapted to produce high intensity focused ultrasound
(HIFU) capable of damaging tissue within the tumor-
ous growth;

(b) positioning and energizing the scanning ultrasonic
transducer system to continually produce an image of
the target area on the display comprising a displayed
target area;

(c) sclecting a treatment site within the tumorous growth
that is visually represented in the displayed target area;

(d) focusing pulsed HIFU produced by the high intensity
ultrasonic transducer system on the treatment site that
was selected to damage tissue within the tumorous
growth;

(e) focusing the high intensity ultrasonic transducer sys-
tem onto a different selected region within the tumor-
ous growth; and

(D) repeating steps (d) through (e) until a desired pattern
of damaged areas in the tumorous growth has been
achieved.

34. The method of claim 33, further comprising the step
of monitoring a condition of each treatment site in the
tumorous growth to determine when sufficient tissue has
been damaged before moving to a new treatment site.

35. The method of claim 33, further comprising the step
of repeating steps (a) to () at spaced-apart intervals of time,
to enable any tissue in the tumorous growth that was
destroyed by the HIFU to be removed by natural bodily
processes, until the tumorous growth has been substantially
eliminated.

36. The method of claim 33, further comprising the steps
of:

(a) initially energizing the high intensity ultrasonic trans-
ducer system at a reduced energy level so as to produce
a pulsed wave that is not energetic enough to damage
the tissue at the treatment site, but is sufficiently
energetic to produce a change in an echogenicity of the
tissue at the treatment site, a focal point of the high
intensity ultrasonic transducer system being visually
apparent in the displayed target area visually repre-
sented on the display where the echogenicity of the
tissue has thus been changed;

(b) moving the focal point of the high intensity ultrasonic
transducer system within the displayed target area to a
desired position; and

(¢) increasing the energy level of the high intensity
ultrasonic transducer system to a therapeutic level to
produce therapeutic waves with sufficient energy to
damage the tissue of the tumorous growth at the focal
point.
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37. The method of claim 33, further comprising the step
of de-energizing the high intensity ultrasonic transducer if
the displayed target area shows that an undesired change has
taken place to tissue in the target area, even if a desired level
of damage to tissue within the tumorous growth has not yet
been achieved.

38. The method of claim 33, further comprising the step
of processing the imaging data comprises to effect at least
one of: a color flow processing, a Doppler processing, a
B-mode processing, and an M-mode processing.

39. The method of claim 33, wherein the target area
includes the reproductive system of a mammalian female,
and wherein the tumorous growth is one of a uterine fibroid,
an endometrial polyp, a follicular cyst, a polycystic ovary, a
dermoid cyst, and a corpus luteum cyst.

40. The method of claim 33, further comprising the step
of providing a probe incorporating both the scanning ultra-
sonic transducer system and the high intensity ultrasonic
transducer system having a size and shape adapted to be
inserted through one of a vaginal canal, a rectum, an
abdominal cavity, and a laparoscopic incision.

41. The method of claim 33, wherein said high intensity
ultrasonic transducer system generates the therapeutic
waves of the HIFU at frequencies within the range of 0.5
MHz to 10 MHz.

42. The method of claim 36, further providing a blood
soluble material that has a high vapor pressure, and further
comprising the step of administering the blood soluble
material to the treatment site before initially energizing the
therapeutic ultrasonic transducer system at a reduced energy
level, such that bubbles produced by the interaction of the
blood soluble material and the therapeutic wave at a focal
point of the therapeutic wave are detected by the scanning
ultrasonic transducer system.

43. The method of claim 33, wherein the damage to tissue
within the tumorous growth is achieved by causing one of:
cauterization of the tissue, necrosis of the tissue, and abla-
tion of the tissue.

44. The method of claim 35, wherein macrophages
remove the tissue that was destroyed from the tumorous
growth.

45. Asystem for simultaneously using ultrasound for both
imaging and therapeutic purposes, enabling a lesion to be
produced in a blood vessel to occlude blood flow, compris-
ing:

(a) an ultrasonic scanning transducer disposed on a probe,
said ultrasonic scanning transducer being adapted to
generate an ultrasonic scanning wave and to receive the
ultrasonic scanning wave after it is reflected from a
target area in a patient’s body, producing a signal that
is useful for deriving imaging data for the target area;

(b) a processor electrically coupled to the scanning ultra-
sonic transducer system capable to receive the signal,
said processor processing the signal to produce the
imaging data;

(c) a display electrically coupled to the processor, said
display presenting a visual representation of the imag-
ing data;

(d) a therapeutic ultrasonic transducer disposed on the
probe and adapted to generate a pulsed high intensity
focused ultrasonic (HIFU) therapeutic wave directed at
a treatment site within the target area;
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(e) a control circuit electrically coupled to the therapeutic
ultrasonic transducer system that synchronizes genera-
tion of the pulsed HIFU therapeutic wave relative to the
ultrasonic scanning wave produced by the scanning
ultrasonic transducer system, such that any noise within
the imaging data arising from the pulsed HIFU thera-
peutic wave is shifted within the visual representation
of the imaging data appear outside the treatment site,
said control circuit providing sufficient energy to the
therapeutic ultrasound transducer to cause a lesion in a
blood vessel that is included in the visual representation
of the target area, so that blood flow through the blood
vessel 1o a region is occluded by the lesion; and

() a power supply electrically coupled to supply an
electrical current to energize the scanning ultrasonic
transducer system, the therapeutic ultrasonic transducer
system and the control circuit.

46. The system of claim 45, wherein the processor pro-
cesses the signal to effect at least one of: a color flow
processing, a Doppler processing, a B-mode processing, and
an M-mode processing, said processor storing a portion of
the imaging data that defines each position at which the
pulsed HIFU therapeutic wave was focused on the treatment
site.

47. The system of claim 45, wherein the target area is the
reproductive system of a mammalian female.

48. The system of claim 47, wherein the pulsed HIFU
therapeutic wave therapeutic wave is employed to treat one
of: a uterine fibroid, an endometrial polyp, a follicular cyst,
a polycystic ovary, a dermoid cyst, a corpus luteum cyst, an
ectopic pregnancy, a cornual pregnancy, a multifetal preg-
nancy, a uterine malformation, an endometrial hyperplasia,
an adenomyosis condition, an endometriosis condition, and
an excessive bleeding condition.

49. The system of claim 45, wherein the probe has a size
and shape adapting it to being inserted into and manipulated
within in a human vaginal canal.

50. The system of claim 49, wherein the probe comprises
a handle having the ultrasonic scanning transducer and the
therapeutic ultrasonic transducer mounted on a distal end of
the handle.

51. The system of claim 50, wherein the therapeutic
transducer is mounted to the handle with a pivot joint,
enabling a disposition of the transducer relative to the handle
to be adjusted by manipulating the therapeutic transducer
about the pivot joint.

52. The system, of claim 50, wherein the therapeutic
transducer includes a fluid filled cavity that couples ultra-
sonic wave emitted by the therapeutic transducer to the
treatment site.

53. The system of claim 45, wherein probe has a size and
shape adapting it to being inserted into and manipulated
within a human rectum.

54. The system of claim 45, wherein the therapeutic
ultrasonic transducer generates frequencies within the range
of 0.5 MHz to 10 MHz.

55. The system of claim 45, wherein the therapeutic
ultrasonic transducer generates frequencies within the range
of 3.4 MHz to 3.6 MHz.

56. The system of claim 45, wherein the therapeutic
ultrasonic transducer comprises a phased array of transducer
elements that enables a focal point of the therapeutic ultra-
sonic transducer to be selectively varied.

57. The system of claim 56, wherein the phased array of
transducer elements is configured in a concentric pattern.
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58. The system of claim 45, wherein the therapeutic
ultrasonic transducer system comprises a vibrating element
that when energized causes a focal point of the therapeutic
ultrasonic transducer system to be randomly varied within
the target area.

59. The system of claim 58, wherein the vibrating element
vibrates with a frequency in the range of 1 to 5 Hz, variation
of the focal point preventing undesired heating of tissue not
associated with the treatment site.

60. The system of claim 58, wherein the vibrating element
vibrates with a frequency in the range of 10 to 50 Hz and
increases an amount of energy applied to the treatment site
while avoiding undesired cavitational effects.

61. A probe for administering ultrasound therapy from
within a vaginal canal of a patient, said therapy being
administered to a treatment site within the patient’s body
and outside the vaginal canal, comprising:

(a) an elongate supporting structure having a distal end
and a proximal end, said elongate supporting structure
including a section at its proximal end that is adapted
to be grasped and manipulated by a clinician to at least
initially position the elongate supporting structure at a
desired location within the vaginal canal of the patient;

(b) an imaging transducer disposed at the distal end of the
elongate supporting structure, said imaging transducer
being adapted to emit ultrasound imaging pulses when
excited by an imaging signal for use in producing an
image of a target area in the patient’s body;

(c) a high intensity focused ultrasound (HIFU) transducer
disposed at the distal end of the elongate supporting
structure, proximate to the imaging transducer and
sized and shaped to fit within the vaginal canal, said
HIFU transducer having an aperture through which
HIFU waves are transmitted, said aperture being of a
sufficient size to produce therapeutic HIFU waves, so
that the therapeutic HIFU waves have sufficient inten-
sity remaining upon reaching the treatment site after
being attenuated by their passage through up to 6 cm of
intervening tissue, to achieve a desired therapeutic
effect, while said therapeutic HIFU waves do not have
so much intensity when emitted by the HIFU trans-
ducer as to damage adjacent tissue through which the
therapeutic HIFU waves initially propagate toward the
treatment site; and

(d) means for directing the therapeutic HIFU waves at the
treatment site within the target area, said HIFU trans-
ducer being energized to render the HIFU therapy
while the imaging transducer is energized to provide a
signal for imaging the target area.

62. The probe of claim 61, wherein a maximum circum-
ference of the aperture of the HIFU transducer, measured in
a plane that is generally transverse to a longitudinal axis of
the elongate supporting structure, is about 10.6 cm.

63. The probe of claim 61, wherein the desired therapeutic
effect produced at the treatment site by the therapeutic HIFU
waves comprises at least one of the following:

(a) damage to undesired tissue;

(b) hemostasis of a blood vessel;
(¢) necrosis of undesired tissue;

(d) ablation of undesired tissue; and

(e) obstruction of a blood vessel.
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