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(57) Abstract: High intensity ultrasound (HIU)
is used to facilitate surgical procedures, such as
a laparoscopic partial nephrectomy, with mini-
mal bleeding. An apparatus is configured to emit
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tached to a minimally invasive surgical instru-
ment. Such a tool preferably can provide suf-
ficient clamping pressure to collapse blood ves-
sels’ walls, so that they will be sealed by the ap-
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ment can provide feedback to the user that the le-
sion is completely transmural and that blood flow
to the region distal of the line of thermal ablation
has ceased. Similar instruments having opposed
arms can be configured for use in conventional
surgical applications as well. Instruments can be
implemented with transducers on only one arm,
and an ultrasound reflective material disposed on
the other arm.
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METHOD AND APPARATUS FOR PREPARING ORGANS AND
TISSUES FOR LAPAROSCOPIC SURGERY
Background

[0001] There is an ever-increasing effort in health care to develop techniques and
approaches that would be less traumatic to the patient. Accordingly, minimally and
non-invasive surgical techniques are an active area of interest. For example,
techniques such as extracorporeal shock wave lithotripsy have resulted in
significantly reduced morbidity in the treatment of renal calculi and have also resulted
in greatly improved outcomes to the patient. Emerging technologies, such as image-
guided therapies, that involve High Intensity Ultrasound and High Intensity Focused
Ultrasound (HIFU) are also becoming increasingly integrated in the armada of tools
available to the modern medical clinician.

[0002] In one important procedure described in U.S. Patent No. 6,007,499 (of which
the present application is a continuation-in-part), it is demonstrated how the
application of HIFU to a section of tissue can introduce a plane of cauterization
within the tissue, thus permitting the subsequent resection of the tissue, distal to the
plane, without bleeding.

[0003] In the U.S. alone, several hundred thousand surgical procedures are
performed each year that involve the removal of tissue, or a portion of an organ,
because of some pathology involving the tissue. Many of these procedures remove
benign or malignant tumors. Although a significant percentage of such tissue and
organ removal procedures employ conventional surgical techniques, a major effort
has been directed to replacing (as much as possible) conventional surgical techniques
with minimally invasive surgical techniques (such as laparoscopic and endoscopic
techniques), to reduce morbidity. However, performing such surgery using
minimally invasive instruments requires significant training and advanced skills on
the part of the operating physician. It would be desirable to provide minimally
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invasive methods and apparatus that are relatively easier to implement than those
currently used.

[0004] Almost 400,000 patients were treated for end-stage renal disease (ESRD) in
the United States in 2001. The incidence of new beneficiaries of treatment was in
excess of 93,000 individuals during the same calendar year, and the mortality
attributed to ESRD was well over 76,000 during that year. Many of these individuals
are candidates for kidney transplants; however, the demand far exceeds the number of
kidneys available for transplant. Thus, clinicians are making efforts to preserve as
much of a kidney as possible during renal surgical procedures. Considerable effort
has been made to train urologists and surgeons to perform partial nephrectomies
during laparoscopic procedures. A laparoscopic partial nephrectomy is a particularly
difficult procedure, primarily because it is difficult to prevent and control bleeding
during and after the procedure. It is common during a laparoscopic partial
nephrectomy to clamp the main renal artery so that tissue removal can be carried out
without significant bleeding. If this renal artery is clamped for an excessive time,

ischemia can cause long term damage to the remaining tissue.

[0005] It would thus be desirable to provide methods and apparatus to facilitate
surgical procedures with minimal blood loss, which can be used for laparoscopic
partial nephrectomies, as well as for other surgical procedures.

Summary

[0006] The disclosure provided herein relates to method and apparatus for using high
intensity ultrasound (focused or unfocused) to facilitate the removal of tissue
(including organ tissue) or other physiological structures with minimal bleeding.
Such tissue removal can occur in the context of minimally invasive procedures, such
as a laparoscopic partial nephrectomy, or more conventional surgical practices. The
present disclosure encompasses designs for instruments to facilitate the removal of
tissue with minimal bleeding, procedures for using such instruments, and techniques
for providing an indication to a clinician that target tissue has been sufficiently treated
to reduce blood loss to at least an acceptable level.

[0007] One aspect disclosed herein is directed to an exemplary apparatus including a
pair of opposed arms configured to encompass a mass of tissue (or some other
physiological structure) between the opposed arms. At least one arm includes one or
more transducers configured to emit high intensity ultrasound generally toward the
opposing arm. In some exemplary embodiments, the opposing arm also includes one
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or more transducers configured to emit high intensity ultrasound. In other exemplary
embodiments, the one opposing arm includes a reflector configured to reflect high
intensity ultrasound emitted from the other opposing arm back into the mass of tissue
(or other physiological structure). Reflectors can be implemented using an air-filled
body or a layer of Styrofoam™ (or similar material), or a material having a relatively
low acoustic impedance (i.e., an acoustic impedance lower than tissue), or a material
having an acoustic impedance substantially different than the acoustic impedance of

tissue.

[0008] Tissue necrosis (i.e., cauterization/thermal ablation) occurs in the tissue
disposed between the opposed arms, and incisions into the necrosed tissue can be
made with relatively little blood loss. The apparatus can be moved to generate a
plurality of cauterized tissue sites, so that tissue disposed between the plurality of
cauterized tissue sites can be removed with relatively little blood loss. In some
exemplary embodiments, the apparatus is configured to be coupled to a laparoscopic
instrument (or endoscopic instrument, or other minimally invasive instrument) that
can be inserted into the body. Embodiments configured to be used with minimally
invasive treatments can be disposable (to reduce cost, such embodiments may include
fewer transducers than embodiments intended to be reused). In other exemplary
embodiments, the apparatus is configured to be used with more invasive surgical
techniques (i.e., the apparatus is relatively larger in size than conventional

laparoscopic or endoscopic instruments).

[0009] In some exemplary embodiments, the opposed arms are configured to provide
sufficient clamping pressure to collapse blood vessels walls so that these blood
vessels can readily be sealed by the application of high intensity ultrasound, to
achieve the resulting thermal ablation and tissue cauterization. In at least one
exemplary embodiment, the apparatus provides feedback to the user that the lesion is
completely transmural, and that blood flow to the region distal of the line of thermal
ablation has ceased. In some exemplary embodiments, the transducers are curved to
achieve some degree of focusing, while in other exemplary embodiments, the
transducers are not capable of achieving a focused high intensity ultrasound field. A
particularly preferred embodiment is configured to achieve a standing wave of high
intensity ultrasound between the two opposed arms.

[0010] Another aspect disclosed herein is directed to a surgical method with minimal
blood loss that uses high intensity ultrasound to induce a plane of cauterization so that
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the tissue of interest, once transected, does not bleed. Apparatus such as those
described above can be used to facilitate such a surgical method. In some
embodiments, the surgical method involves minimally invasive methods, whereas in
other embodiments, the surgical method involves conventional surgical techniques
(i.e., open surgery).

[0011] A partial nephrectomy is just one of a number of procedures in which entry
into the abdominal gastroenterological cavity is achieved through a small opening to
perform a surgical or therapeutic procedure. However, the procedure and apparatus
disclosed herein should not be considered to be limited to performing only
laparoscopic procedures; indeed, at least one aspect of the disclosure provided herein
is directed to an apparatus configured to be used in open surgery, in which tissues to
be surgically removed would first be treated with such a device, to isolate the
tissue/physiological structure to be removed from the general blood supply.
Subsequent removal of the tissue/physiological structure could then be performed
without concern for bleeding.

[0012] Such a “bloodless surgical” procedure will have broad applications in cases in
which there is a limited availability of transfused blood, or in applications in which
patients have concerns about blood transfusions.

[0013] Another aspect disclosed herein relates to techniques to provide feedback to
the user (i.e., clinician) indicating that the target tissue treated with high intensity
ultrasound to reduce bleeding has been sufficiently treated to achieve that desired
result. In some embodiments, time-of-flight measurements are used to determine a
relative temperature of the tissue disposed between the parallel arms of the exemplary
apparatus described above, to determine if such tissue has been sufficiently treated to
achieve cauterization of tissue. In some exemplary embodiments, Doppler ultrasound
is employed to determine if blood flow throughout the tissue disposed between the
parallel arms in the apparatus described above has ceased, indicating that the tissue
can be incised with minimal blood loss.

[0014] This Summary has been provided to introduce a few concepts in a simplified
form that are further described in detail below in the Description. However, this
Summary is not intended to identify key or essential features of the claimed subject
matter, nor is it intended to be used as an aid in determining the scope of the claimed

subject matter.
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Drawings

[0015] Various aspects and attendant advantages of one or more exemplary
embodiments and modifications thereto 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:

[0016] FIGURES 1A and 1B schematically illustrate a high intensity ultrasound
transducer positioned to apply the high intensity ultrasound to a mass of tissue;

[0017] FIGURE 2A schematically illustrates a kidney that has been treated with high
intensity ultrasound using the apparatus of FIGURES 1A and 1B;

[0018] FIGURE 2B schematically illustrates the kidney of FIGURE 2A, indicating
that after high intensity ultrasound treatment and transection, the treated kidney does
not bleed;

[0019] FIGURE 2C schematically illustrates an end view of the transected kidney of
FIGURE 2B, indicating that the treated portion of the kidney exhibits complete -
transmurality, and that all blood vessels in the treated portion of the kidney are
substantially occluded,

[0020] FIGURE 2D schematically illustrates an end view of the transected kidney of
FIGURE 2B, indicating that the kidney has not been fully treated, such that the
treated portion of the kidney does not exhibit complete transmurality, and all blood
vessels in the treated portion of the kidney are not substantially occluded;

[0021] FIGURE 2E schematically illustrates an end view of the transected kidney of
FIGURE 2B, indicating that the kidney has not been fully treated, such that the
treated portion of the kidney exhibits complete transmurality, but not all blood vessels
in the treated portion of the kidney are substantially occluded,;

[0022] FIGURE 3A schematically illustrates an exemplary laparoscopic clamp that
can be inserted through a trocar and into a body cavity, and once inserted, can expand
such that the opposed jaws of the clamp can engage relatively larger structures, such
as a kidney;

[0023] FIGURE 3B schematically illustrates the device of FIGURE 3A positioned
within an abdominal cavity and being used to clamp tissue;
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[0024] FIGURE 4 is a flowchart schematically illustrating exemplary logical steps of
a method for using a medical device substantially similar to that illustrated in
FIGURE 3A;

[0025] FIGURE 5A schematically illustrates a plurality of therapy transducers
combined with a surgical tool including opposed arms, such as that illustrated in
FIGURE 3A, such that a generally planar region of tissue disposed between the
opposed arms can be thermally treated using high intensity ultrasound to induce tissue
NecCrosis;

[0026] FIGURE 5B schematically illustrates a technique for determining if a tissue
sample has been completely cauterized with high intensity ultrasound, by using the
time-of-flight of a number of pulses, spread over the spatial extent of the tissue
sample, to determine if the temperature in a particular tissue region has reached the
cauterization temperature;

[0027] FIGURE 5C schematically illustrates a plurality of exemplary therapy
transducers combined with a surgical clamp such as that illustrated in FIGURE 3A,
such that the opposed jaws of the clamp can squeeze the tissue to at least partially
occlude blood vessels in the tissue, before a generally planar region of tissue disposed
between the opposed jaws of the clamp is thermally treated using high intensity
ultrasound to induce tissue necrosis, thereby increasing a likelihood that blood flow in :
the cauterized tissue will be substantially occluded,

[0028] FIGURE 6A schematically illustrates opposed arms of a medical device
substantially similar to that illustrated in FIGURE 3A, wherein each opposed arm
comprises at least one ultrasound transducer and an ultrasound absorbent material;

[0029] FIGURE 6B schematically illustrates opposed arms of a medical device
substantially similar to that illustrated in FIGURE 3A, wherein a first arm comprises
at least one ultrasound transducer and an ultrasound absorbent material, and a second
arm comprises an ultrasound reflective material;

[0030] FIGURE 6C schematically illustrates opposed arms of a medical device
substantially similar to that illustrated in FIGURE 3A, wherein each opposed arm
comprises at least one ultrasound transducer and a membrane configured to facilitate
acoustically coupling the at least one ultrasound transducer with tissue disposed
between the opposed arms;
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[0031] FIGURE 6D schematically illustrates opposed arms of a medical device
substantially similar to that illustrated in FIGURE 3A, wherein each opposed arm
comprises at least one ultrasound transducer and a fluid conduit configured to provide
a coupling fluid/gel to facilitate acoustically coupling the at least one ultrasound
transducer with tissue disposed between the opposed arms;

[0032] FIGURE 6E schematically illustrates a single arm of a medical device
substantially similar to that illustrated in FIGURE 3A, wherein the arm comprises an
ultrasound array including at least one element disposed orthogonally to other
elements in the array;

[0033] FIGURE 6F schematically illustrates a single arm of a medical device
substantially similar to that illustrated in FIGURE 3A, wherein the arm comprises
surface features configured to enhance the ability of the arm to grip tissue;

[0034] FIGURE 7A graphically illustrates the dependence of tissue sound velocity
on temperature, indicating that there is a relative maximum at a temperature of
approximately 50°C;

[0035] FIGURE 7B graphically illustrates a series of measured sound pulses that
have been propagated through a sample of tissue as the temperature is increased,
indicating that the temperature dependence illustrated in FIGURE 6A is substantially
duplicated in FIGURE 6B; ‘

[0036] FIGURE 8 is a block diagram schematically illustrating the basic elements in
a system including a medical device substantially similar to that illustrated in
FIGURE 3A;

[0037] FIGURE 9 is a block diagram schematically illustrating the basic elements in
an exemplary computing device that can be beneficially incorporated into the system
of FIGURE 8;

[0038] FIGURE 10A schematicglly illustrates a heart and a left atrial appendage;

[0039] FIGURE 10B schematically illustrates an exemplary medical device
substantially similar to that illustrated in FIGURE 3A being used to treat the left atrial
appendage of FIGURE 104, in an exemplary procedure that substantially minimizes
the risk of bleeding associated with treatment of the left atrial appendage; and
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[0040] FIGURE 10C schematically illustrates a left atrial appendage including a
substantially planar lesion (or necrotic/cauterized zone) after the treatment of
FIGURE 10B.

Description

Figures and Disclosed Embodiments Are Not Limiting

[0041] Exemplary embodiments are illustrated in referenced Figures of the drawings.
It is intended that the embodiments and Figures disclosed herein are to be considered
illustrative rather than restrictive. No limitation on the scope of the technology and of
the claims that follow is to be imputed to the examples shown in the drawings and
discussed herein.

[0042] In the description and claims that follow, it should be recognized that the term
“therapeutic ultrasound” is intended to encompass high intensity ultrasound, both
focused and unfocused. Those of ordinary skill in the art will readily recognized that
such ultrasound is readily distinguishable from imaging ultrasound, which can be
used to obtain an image of target tissue without affecting the target tissue. In contrast,
therapeutic ultrasound imparts some therapeutic effect upon the tissue. In general,
this therapeutic effect is tissue necrosis of undesired tissue. Tissue necrosis can be
induced by therapeutic ultrasound by thermal and mechanical effects. Therapeutic
ultrasound is often used to form a lesion of dead tissue. Depending on the
configuration of the therapeutic ultrasound transducers, the lesion can be elliptical in
shape, generally spherical in shape, or generally planar. Particularly preferred
embodiments encompassed by the present disclosure rely on inducing a generally
planar region of cauterized tissue using therapeutic ultrasound. Thus, the concepts
disclosed herein can be implemented using a wide variety of different transducer
designs, where the transducer can provide therapeutic levels of ultrasound (i.e.,
ultrasound that is more energetic than the ultrasound employed for
imaging/diagnostic purposes). The therapeutic ultrasound can be unfocused, partially
focused, or well focused. Curvature of the transducers can provide focusing when
desired, or additional lens elements can be implemented to achieve focusing. Flat,
generally unfocused transducers can also be implemented. In at least one
embodiment, a substantially flat transducer array, which is not strongly focused and
operates in the near-field is employed.

[0043] The disclosure provided herein describes apparatus and methods related to
performing surgical procedures with a minimum of bleeding. Preferably, such
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procedures are minimally invasive procedures (such as laparoscopy, endoscopy, etc.);
however, it should be recognized that the disclosed procedures and apparatus can also
be applied to more invasive surgical procedures. The disclosed apparatus and
methods can enable undesirable tissues, such as benign and malignant tumors, to be
removed from the body without fear of uncontrolled bleeding that can result from
such procedures using conventional techniques. Furthermore, during minimally
invasive procedures that involve the removal of tissue, it is often necessary to apply
Pringle maneuvers in which large blood vessels are clamped so that surgery can be
performed without bleeding. The methods and apparatus described herein reduce or
eliminate the requirement for clamping large blood vessels during surgery, thus
preserving organs or other physiological structures from damage due to ischemia.

[0044] With respect to FIGURES 1A and 1B, a first embodiment of an exemplary
apparatus 105 for performing cauterization to facilitate minimal blood loss surgery is
shown. In FIGURE 1A, there is shown a section of a liver 101, having a tumor 103.
While such tumors are operable, because of the highly vascularized nature of the -
liver’s pathological constitution (the average blood flow is about 25% of the resting
cardiac output and the liver is a relatively soft organ that tears easily), liver surgery
places the patient at substantial risk. Arresting a rapid liver hemorrhage (or even
relatively slow bleeding) using conventional techniques is a time-consuming and
difficult task.

[0045] FIGURE 1B schematically illustrates apparatus 105, which includes an
ultrasound transducer device 107 (configured to deliver therapeutic ultrasound)
supported by a top arm 109, which is brought into contact with liver 101 by an
acoustic coupler 111 (used to couple acoustic energy to the liver tissue). Coupler 111
comprises an acoustic-transmissive medium inside a flexible membrane. The
membrane is highly elastic to enable it to conform to anatomical structures, is able to
withstand the high ultrasonic intensities near the acoustic focus, is sufficiently tough
to survive in a surgical environment, and is bio-compatible. It has been found that
polyether polyurethane represents a particularly useful membrane material. Such a
material is available commercially as PT9300 Dureflex™ polyurethane film, medical
grade, 50 microns (0.002 inches) thick, and is available, for example, from Deerfield
Urethane (South Deerfield, Mass.). Such a material is intended to be exemplary,
rather than limiting, and other types of plastic films can instead be employed. It
should be recognized that other types of acoustic couplers, such as relatively rigid
water-filled cones, can also be beneficially employed. Furthermore, conventional
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coupling gels and fluids can be used in place of a non-amorphous acoustic coupler. It
should further be recognized that some tissues may not require the use of an acoustic
coupler, particularly where naturally occurring bodily fluids such as blood may
provide the required coupling to the ultrasound transducer.

[0046] Referring once again to FIGURE 1B, a bottom arm 113 slips under the tissue
and aids in fixing a distance between transducer device 107 and tumor 103.
Transducer device 107 is then activated and used to create a shell 115 of coagulated
and necrotized tissue around tumor 103. In other words, prior to any surgical
incision, the tumor is encapsulated by shell 115, such that tissue, which has been
thoroughly cauterized using therapeutic ultrasound, substantially surrounds the tumor.
The procedure for producing shell 115 is referred to as “presurgical volume
cauterization,” shell 115 comprising a volume of tissue approximately equal to the
surface area times the thickness of the shell. '

[0047] Changes in the appearance of cauterized planes 117, 119, and the like, of
shell 115 are highly visible after the presurgical volume cauterization process. The
tissue is essentially “cooked,” that is; it is hardened and is warm to the touch.
Shell 115 then provides a coagulated surgical pathway, so that surgical incisions can
be made along the coagulated pathway, and little or no bleeding results. Note that,
while in this exemplary embodiment, a box-shaped shell 115 has been formed in the
liver tissue, depending upon the surgery to be performed, virtually any shape of
necrosed tissue can be formed as needed, e.g., flat or planar, a curved surface, open or
closed cubes and rectangles, inverted wedge shapes, inverted pyramids, open or
closed cylinders, or the like, as would provide appropriate necrosed surgical pathways
for the operation that will follow. The goal is to isolate a region of tissue from the
blood supply that would otherwise be provided to it, by surrounding the surgical
target with a necrosed surface. The particular shape of the surface chosen is selected
to minimize the removal of viable non-diseased tissue as well as to make it a practical
resection procedure for the surgeon.

[0048] Note that bottom arm 113 can incorporate an acoustic absorber on the distal
side of the tissue from where the ultrasound energy is applied. The general purpose
of the acoustic absorber is to absorb the ultrasound energy that passes through the
tissue beyond the focal point, thereby insulating non-target tissues from being
insonified. One desirable characteristic of such an absorber is its acoustic impedance
(i.e., its density times the speed of sound) should ideally be equal to that of the tissue.
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With an absorber material having such a characteristic, most of the transmitted energy
is absorbed, and there is little reflection of the energy impinging on the acoustic
absorber back into the tissue. A second desired beneficial characteristic is that the
absorber exhibit good acoustic absorbing properties at the frequency of the transducer
emission, enabling acoustic energy to be absorbed rapidly by the acoustic absorber.
A third desired beneficial characteristic is that the absorber material exhibit a
thickness and thermal properties such that the surface of the acoustic absorber
abutting the tissue does not become sufficiently hot to adversely affect the tissue.

[0049] Tan gum rubber has a lower impedance, approximately 1.5 Mrayls, but its
loss is only about 4.3 dB/cm at 1.0 MHZ. This is the best material for use as the
acoustic absorber known to date and, although requiring a thicker layer, aids in
distributing heat caused by the energy it has absorbed and thus, avoids developing a
hot surface. An alternative acoustically absorbent material is commercially available
neoprene (available for example, from Gardico Inc., Seattle, WA), which has an
impedance of 2.4 Mrayls, resulting in only about a five percent acoustic energy
reflection. Red SBR rubber has similar loss characteristics, but has a higher
impedance. However, red SBR rubber is adverse to wetting and any air layer
‘disposed between the rubber and tissue will greatly increase the reflection coefficient.,
Hydrophobic materials, such as SBR rubber, should be wetted with alcohol before
immersion to minimize such effects.

[0050] In an alternative exemplary embodiment, bottom arm 113 can incorporate an
acoustically reflective material. If the coefficient of reflectivity is sufficiently high,
little impinging energy will be transmitted to tissue or organs beyond, thus providing
the benefit as achieved by using an acoustic absorber. The reflected energy can be
used to enhance the procedure in the tissue of interest. A suitable reflector should
have a characteristic acoustic impedance much different than that of the tissue, either
lower (such as that of air or an air-filled material like StyrofoamTM), or much higher
(such as that of ceramics). For a low impedance reflector, a 180 degree phase
reversal is produced at the point of reflection, which tends to cancel the effect of the
impinging and reflected wave in the region proximate to the reflector. For a high
impedance reflector, there is no phase reversal, so the impinging and reflected waves
superimpose, producing an increased heating effect. Thus, a high impedance
reflector might beneficially be disposed immediately adjacent to the target region.
Furthermore, a mirror-reflection of a diverging beam impinging on the reflector is
further diverging. Therefore, it is possible to obtain a broader area of effect in the
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region proximate to the reflector surface. If the focal point is closer to the transducer
than the reflector, it is possible, by superposition, to produce effects with broader
beams, beyond the maximum depth of focus.

[0051] Referring to FIGURE2A, a kidney 200 includes vascular204 and a
tumor 208. It should be recognized that kidney 200 is schematically represented and
that FIGURES 2A-2E are not intended to be anatomically correct. (In particular, an
actual kidney would exhibit much more vascular structure than is represented in these
Figures.) A generally planar portion 202 of kidney tissue has been treated with
therapeutic ultrasound to cauterize or necrose a plane of the tissue. As indicated in
FIGURE 2B, an incision along planar portion 202 can be made with minimal
bleeding, even though kidney tissue is highly vascularized, and bleeding is commonly
associated with surgical procedures involving the kidney. Note that a tumor 208 is
not part of planar portion 202. However, when an incision 206 is made along planar
portion 202, kidney 200 is separated into a healthy portion 200a and a diseased
portion 200b (which includes both healthy tissue and tumor 208). Planar portion 202
preferably exhibits substantially complete transmurality (i.e., the necrosed/cauterized
tissue corresponding to planar portion 202 extends completely through the thickness
of the kidney in all dimensions), and all blood vessels in planar portion 202 are
preferably occluded. Under those conditions, diseased portion 202b can be excised
with minimal (or no) bleeding.

[0052] FIGURE 2C schematically illustrates an end view of the kidney of
FIGURE 2B, indicating that the treated portion (i.e., planar portion 202) of the kidney
exhibits complete transmurality, and all blood vessels 204a in the treated portion of
the kidney are substantially occluded as desired. As noted above, the term
“transmurality,” as used herein and in the claims that follow, means that tissue is
coagulated/necrosed all the way through from one end of the tissue mass to the
opposing end of the tissue mass, without gaps. The cauterization may not be
uniform, but the absence of gaps is important, because gaps will likely lead to
undesired blood flow. Obtaining transmurality is a challenge, because lack of
coagulation near blood vessels is problematical, since blood flow provides a
cooling effecf, reducing the effectiveness of the therapeutic ultrasound in causing
occlusion of the blood vessels and tissue at those locations. Simply visually
examining the exterior surface of the treated tissue will not provide an accurate
indication as to whether such gaps exist within the mass of tissue. Thus, one
major advantage provided by the exemplary method and apparatus disclosed
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herein is to enable a technique for empirically determining if transmurality has
been achieved.

[0053] FIGURE 2D schematically illustrates an end view of the kidney of
FIGURE 2B, indicating that the kidney has not been fully treated, such that the
treated portion of the kidney (i.e., planar portion 202) does not exhibit complete
transmurality, as indicated by non-coagulated portion 202a, and all blood vessels in
the treated portion of the kidney are not substantially occluded, as indicated by non-
occluded portion 204b, which is an undesirable result, since an incision into the
treated (or untreated) tissue that pierces non-occluded portion 204b will result in
bleeding.

[0054] FIGURE 2E schematically illustrates an end view of the kidney of
FIGURE 2B, indicating that the kidney has not been fully treated, because although
the treated portion of the kidney (i.e., planar portion 202) exhibits complete
transmurality, not all blood vessels in the treated portion of the kidney are
substantially occluded, as indicated by non-occluded portion 204b. Again, this result
is undesirable, because an incision into the treated tissue that pierces non-occluded
portion 204b will result in bleeding.

[0055] Significantly, exemplary apparatus 105 is not configured for introduction via
a trocar (for use with minimally invasive surgery), nor is apparatus 105 configured to
provide an indication of whether the target tissue is sufficiently treated (i.e.,
cauterized) to reduce or substantially eliminate blood loss. However, the present
method and apparatus can provide the clinician an indication of whether the target
tissue is sufficiently treated (i.e., cauterized) to reduce blood loss to an acceptable
degree, and can be employed as a modified apparatus suitable for use with a trocar to
facilitate minimally invasive procedures, with reduced blood loss. It should be
recognized that the exemplary transducer disclosed above in connection with
apparatus 105 can be implemented using transducers configured to generate either
focused or unfocused high intensity ultrasound. Thus, the concepts disclosed herein
can be implemented using transducers with minimal curvature (i.e., transducers
incapable of generating a focused beam of high intensity ultrasound), as well as with
transducers capable of providing high intensity ultrasound that is focused.

[0056] FIGURE 3A schematically illustrates a laparoscopic clamp 210 that can be
inserted through a trocar and into a body cavity, and once inserted, can expand such
that opposed jaws of the clamp can engage relatively larger structures, such as a
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kidney. Clamp 210 includes a handle 214, and a trigger 216 (to enable the jaws of the
clamp to be manipulated) disposed at a proximal end, an elongated shaft 212
(configured to be inserted through a trocar into a body cavity), and opposed
jaws 220a and 220b at a distal end. Spreader bars 222 are coupled to the opposed
jaws to initially enable the opposed jaws to be expanded after the clamp has been
inserted into a body cavity, and later to enable the opposed jaws to be forced together
to apply pressure on tissue disposed between the opposed jaws. It should be
recognized that clamp 210 is intended to be exemplary, rather than limiting on the
types of instruments that can be used, consistent with the present disclosure. Many
other types of instruments having opposed jaws or arms upon which paired
therapeutic transducers (or a therapeutic transducer paired with an acoustic reflector
or acoustic absorber disposed on the opposing arm) can alternatively be used to
implement the concepts disclosed herein. Medical clamps represent one type of
instrument having such opposed jaws or arms and can be beneficially used to
implement the concepts disclosed herein, particularly where it is desirable to apply
pressure to the tissue being treated to collapse blood vessels in the tissue before
treatment using therapeutic ultrasound. Medical retractors represent another type of
instrument having such opposed jaws or arms that can be beneficially used to -
implement the concepts disclosed herein, if the clamping described above is not
required. It should be recognized that many types of medical instruments having -
such opposed arms are known, and the concepts disclosed herein can be used to
provide therapeutic ultrasound capability to such tools. While not specifically shown
in FIGURE 3A, clamp 210 can be configured to provide therapeutic ultrasound
generally as described herein if a therapeutic transducer is disposed on jaw 220a, with
an additional therapeutic transducer or an acoustic reflector (or acoustic absorber)
being disposed on jaw 220b.

[0057] FIGURE 3B schematically illustrates clamp 210 being positioned within an
abdominal cavity and being used to clamp tissue 226. An additional laparoscopic
tool 224 is also shown for reference purposes.

[0058] FIGURE 4 is a flowchart 390 schematically illustrating exemplary steps of a
method for using a medical device substantially similar to that illustrated in
FIGURE 3A, wherein at least one therapeutic transducer has been incorporated into at
least one of the opposed arms. As described in greater detail below, various
combinations of therapeutic transducers, therapeutic transducer arrays, acoustically
reflective materials, and acoustically absorbent materials can be incorporated into the
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opposed arms. In order to provide a functional apparatus, at least one therapeutic
transducer will need to be incorporated into at least one of the opposed arms. The
other of the opposed arms can then incorporate either an acoustically reflective
material, or at least one additional therapeutic transducer (or an acoustic absorber,
generally as discussed above).

[0059] In a block 392, a specific region of tissue is selected for treatment. As noted
above, the region of tissue to be treated can be part of an organ, part of a tumor, or
part of a mass of tissue. Significantly, the tissue selected for treatment may not be
diseased tissue (as shown in FIGURES 2A and 2B, a diseased portion may be
disposed in a mass of tissue distal of the tissue being treated, such that the distal tissue
can be removed with minimal bleeding; it should further be recognized that in some
cases, the distal tissue may be completely separated from the vascular structure
providing nutrients to the distal tissue, by the treated tissue, such that the distal tissue
may be left in place to atrophy, rather than being removed).

[0060] Referring once again to FIGURE 4, in an optional block 393, imaging of the
treatment site is performed. Where the therapeutic ultrasound is being provided in a
minimally invasive procedure, it will likely be desirable to image the treatment site
and the position of the therapy probe (configured to provide the therapeutic
ultrasound) relative to the treatment site, before initiating therapy. Where the
therapeutic ultrasound is being provided in connection with an open surgical
procedure, the clinician will likely be able to visualize the treatment site without
requiting the imaging step. It should be recognized that such imaging can be
implemented using techniques such as, but not limited to, imaging ultrasound, or
magnetic resonance imaging (MRI). If desired, the imaging ultrasound transducers
can be incorporated into the therapy probe, such that a single instrument can be used
to provide both imaging ultrasound and therapeutic ultrasound (noting that some
transducer designs enable the same transducer to be used for both imaging and
therapy). In a block 394, the therapy probe is positioned proximate to the treatment
site. It should be recognized that a therapy probe consistent with FIGURE 1B or
FIGURE 3A can be used to implement this exemplary method.

[0061] In an optional block 395, the ultrasound transducers in the therapy probe are
energized at a relatively low power to interrogate the target tissue (i.e., the ultrasound
transducers are energized at a level insufficient to induce a therapeutic effect in the
target tissue). This optional step can be used to determine if any of the transducers
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(or any elements in a transducer array) are not coupled with the target tissue. For
example, depending on the size and shape of the region of tissue disposed between
the opposed arms of the therapy probe, it is possible that some portion of an opposed
arm including a transducer will not be acoustically coupled to the tissue. By
determining which transducer or transducer elements in an array are not coupled to
tissue, it is possible to prevent those transducers from being energized when other
transducers or transducer elements are energized to provide therapeutic ultrasound.
Only energizing transducer elements that are coupled to the target tissue will reduce
the likelihood of therapeutic ultrasound being delivered to non-targeted tissue.

[0062] In an optional block 396, the therapy probe is clamped into position to
collapse vascular associated with the tissue, to facilitate occlusion of blood flow
during application of the therapeutic ultrasound. If clamping is desired, preferably a
therapy probe consistent with FIGURE 3A is used to implement the method
(although it should be recognized that many different configurations of medical
clamps can be modified to incorporate the transducers and other components
discussed above, as required to provide the therapeutic ultrasound).

[0063] Once the therapy probe is properly positioned relative to the treatment site, in
a block 397, the therapy transducers of the therapy probe are energized to provide
therapeutic ultrasound generally as described above. It should be recognized that a
duration of the therapy may be entirely under control of the clinician, or a duration of
the therapy may be under the control of a processor configured to provide therapy for
a predetermined period of time. In a decision block 398, the treated tissue is analyzed
to determine if the desired result has been achieved. If so, the therapy probe is
removed in a block 399. If not, additional therapy is provided, as indicated in
block 397.

[0064] Where additional therapeutic ultrasound is required, the additional therapeutic
ultrasound will generally be provided in relatively short durations. However, in at
least one exemplary embodiment, the analysis of the treated tissue is performed at the
same time the therapeutic ultrasound is being provided, such that application of the
therapeutic ultrasound is not terminated until the analysis of block 398 indicates that
the desired result has been achieved. Where application of the therapeutic ultrasound
is under the direct control of the clinician, an audible, tactile, or visual indication can
be provided to the clinician to indicate that the desired result has been achieved, so
that the clinician can terminate the application of the therapeutic ultrasound. Where
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application of the therapeutic ultrasound is automatically controlled by a processor or
computing device, the machine instruction controlling the automated process can be
configured to automatically terminate the therapeutic ultrasound once the analysis of
block 398 indicates that the desired result has been achieved.

[0065] The concepts disclosed herein encompass evaluating the treated tissue using
at least one of two different techniques to determine if the desired result is achieved.
Preferably, both techniques are implemented, although it should be recognized that in
some embodiments only one of the two techniques is implemented to evaluate the
treated tissue. A first technique to evaluate the treated tissue is indicated by a block
398a, where time-of-flight data is used to evaluate a transmurality of the treated
tissue. FIGURES 2C and 2E are illustrative of the desired transmurality. The
technique for evaluation transmurality, which are discussed in greater detail below in
connection with FIGURES 7A and 7B, can monitor the temperature in the tissue
sample in real-time. Particularly, where the vascular structure associated with the
tissue is small (i.e., such as only a few small capillaries), substantially complete
transmurality may correlate with substantially complete occlusion of the vascular
flow. However, even where substantially complete transmurality has been achieved,
each blood vessel in the treated tissue may not be substantially occluded, as generally
indicated in FIGURE 2E. Thus, it can be desirable to provide an additional technique
to evaluate blood flow in the treated tissue. Such a technique is indicated in a
block 398b, wherein Doppler ultrasound is used to analyze blood flow in the treated
tissue. At least one Doppler ultrasound transducer can be included in at least one of
the opposed arms of the therapy probe. It should be recognized, however, that the
concepts disclosed herein also encompass an exemplary embodiment wherein a
separate probe incorporating a Doppler ultrasound transducer is employed to analyze
blood flow in the treated tissue. As noted above, one embodiment disclosed herein
implements both techniques to verify that the treated tissue exhibits the desired
transmurality, as well as substantial occlusion of blood flow in the treated tissue.
However, it should be recognized that other embodiments encompassed by the
present disclosure implement only evaluation of the transmurality of the treated
tissue, or evaluation of blood flow in the treated tissue, but not both.

[0066] As noted above, a technique to evaluate blood flow in the treated tissue
employs the Doppler capability of ultrasound. A previously developed portable
Doppler-guided HIFU therapy system uses the same transducer for both the Doppler
and HIFU modes, providing a seamless interface between detection and therapy (as
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taught by Yoo YM, Zderic V., Managuli R., Vaezy S., and Kim Y., in an article
entitled, “Real-time color Doppler imaging for HIFU therapy guidance,” Proceedings
of the 5% International Symposium on Therapeutic Ultrasound, G. ter Haar and I
Rivens, eds., (AIP Press; New York, 2004), p. 36-39). This design incorporates
sufficient flexibility to facilitate both intraoperative and transcutaneous procedures.

In addition, the control system of this type of system is sufficiently versatile to
facilitate use with nearly any single element HIFU transducer. However, the
disclosed use of such a system is intended to be exemplary, rather than limiting in
regard to the novel concepts disclosed herein.

[0067] The primary components of the combined HIFU/Doppler instrument include
a custom designed signal generation/digitizing board, a custom designed power
amplifier, a T/R (Transmit/Receive) switch, a single element HIFU transducer, and
custom designed analog mixers. The MCU (micro processing unit) for the system is
the Motorola Corporation type 68HC711E9™ microprocessor. The entire unit is
sufficiently small to be packaged within a briefcase-size suitcase along with a
controller, e.g., a Tablet computer. A software spectrum analyzer program is loaded
onto the computer, providing a visual feedback for the quadrature “receive” signals,
which are also coupled to a speaker system for providing an audio feedback signal, as
well.

[0068] The transmit burst of this exemplary system is generated using an off-the-
shelf oscillator and an Analog Devices type DDS (Direct Digital Synthesis)
synthesizer chip (AD9850™), both located on the digitizer board. This chip is
designed specifically to turn a clock source into a frequency programmable sine or
square wave. The output of the synthesizer is then TTL (Transistor-Transistor Logic)
gated to the desired number of transmit cycles. The gated output signal is input into a
100 Wait variable power amplifier, which is designed to provide a maximum of
200 V peak-to-peak transmit signal. The transmit signal output from the amplifier is
then passed through a T/R switch, and supplied to drive the transducer.

[0069] The receive echoes return through the T/R switch, providing a return signal
that is supplied through a series of amplifiers, to a custom-built analog mixer. This
mixer uses the frequency signal generated from the two DDS chips on board the
digitizer, which is programmed to run 90 degrees out of phase, to provide the I and Q
( = In phase; Q = Quadrature phase) reference signals. The quadrature (Doppler)
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output is then gated, and coupled through an audio jack to a speaker, and to the
spectrum analyzer.

[0070] FIGURE 5A schematically illustrates a plurality of therapy transducers
combined with a surgical tool 401 including opposed arms 402a and 402b (generally
similar to the clamp illustrated in FIGURE 3A), such that a generally planar region of
tissue 403 disposed between the opposed arms can be thermally treated using high
intensity ultrasound to induce tissue necrosis. Arm402a comprises an array of
transducers 404 configured to provide therapeutic ultrasound. Arm 402b comprises a
similar array of transducers, although as noted above, arm 402b can also incorporate
an acoustically reflective material instead of the transducers. During treatment using
therapeutic ultrasound, a high intensity ultrasound standing wave pattern is
established in the generally planar region of tissue disposed between the opposed
arms. While not specifically shown, it should be recognized that each arm
incorporating a transducer can also incorporate electrical conductors configured to
electrically couple the transducer to an external ultrasound machine to energize the
transducer and/or to send data to the ultrasound machine.

[0071] FIGURE 5B schematically illustrates a technique for determining if a tissue
sample 406 (at least that portion disposed between arms402a and 402b) is
completely cauterized with high intensity ultrasound (i.e., is completely transmural,
or exhibits substantially complete transmurality), by using the time-of-flight of a
number of uvltrasound pulses 408, spread over the spatial extent of the tissue sample,
to determine if the temperature in a particular tissue region has reached the
cauterization temperature. As described in greater detail below, such a technique can
be implemented where arm 402a comprises an array of therapeutic transducers (or a
single transducer) to act as transmitters, and arm402b comprises an array of
transducers (or a single transducer) configured to act as receivers for the ultrasound
pulses emitted by the ultrasound transducers in the array on arm 402a. A technique
can also be implemented wherein arm402a comprises an array of therapeutic
transducers (or a single transducer), and wherein arm 402b comprises an acoustically
reflective material configured to reflect the ultrasound pulses emitted by the
ultrasound transducers in the array on arm 402a, back towards arm 402a, wherein at
least some of the ultrasound transducers in the array on arm 402a then act as receivers
to receive the reflected ultrasound pulses. As described in greater detail below, once
such time-of-flight data have been collected, the data can be analyzed to determine if
the desired transmurality has been achieved.
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[0072] FIGURE 5C schematically illustrates a plurality of therapy transducers
combined with a surgical clamp such as illustrated in FIGURE 3A, so that the
opposed jaws of the clamp can squeeze tissue 406a to at least partially occlude blood
vessels 412 in the tissue, before a generally planar region of tissue disposed between
the opposed jaws of the clamp is thermally treated using high intensity ultrasound to
induce tissue necrosis (i.e., cauterization). Clamping the tissue (i.e., exerting pressure
on the tissue, as indicated by arrows 414) increases the likelihood that blood flow in
the cauterized tissue will be substantially occluded.

[0073] FIGURE 6A schematically illustrates opposed arms of a medical device
substantially similar to those illustrated in FIGURES 3A and 5A, wherein each
opposed arm 416a and 416b comprises at least one ultrasound transducer 418a/418b,
and an ultrasound absorbent material 420. As noted above, the layer of ultrasound
absorbent material will prevent propagation of the therapeutic ultrasound beyond the
generally planar region of tissue disposed between the opposed arms, thereby
minimizing any tissue necrosis beyond the generally planar region of tissue.
Therapeutic ultrasound waves 419a emitted from ultrasound transducer 418a are
directed towards arm 416b, and are absorbed by the ultrasound absorbent material in
arm 416b, so that therapeutic ultrasound waves419a do not propagate beyond
arm 416b.  Similarly, therapeutic ultrasound waves 419b emitted from ultrasound
transducer 418b are directed towards arm 416a, and are absorbed by the ultrasound
absorbent material in arm 416a, so that therapeutic ultrasound waves 419b do not
propagate beyond arm 416a. Ultrasound transducers acting as receivers in arm 416a
can be configured to receive therapeutic ultrasound waves 419b from ultrasound
transducer 418b, to generate the time-of-flight data as explained above. Similarly,
ultrasound transducers acting as receivers in arm 416b can be configured to receive
therapeutic ultrasound waves 419a from ultrasound transducer 418a, to generate the
desired time-of-flight data.

[0074] It should be recognized that a further alternative would be to eliminate
ultrasound transducer 418b, such that arm 416b includes absorbent material 420 but
no transducer (substantially the configuration shown in FIGURE 1B, which does not
provide the transmurality feedback functionality). In such a configuration, absorbent
material 420 in arm 416a is not needed.

[0075] FIGURE 6B schematically illustrates opposed arms of a medical device
substantially similar to that illustrated in FIGURES 3A and 5A, wherein a first
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arm 416c comprises at least one ultrasound transducer 418a, and ultrasound absorbent
material 420, and a second arm 416d comprises an ultrasound reflective material 422,
such that therapeutic ultrasound waves 419¢ emitted by ultrasound transducer 4182
are reflected back toward arm 416c. This reflection serves two purposes. First, it
facilitates achieving transmurality of the tissue disposed between the two opposed
arms. Second, reflected ultrasound waves can be received by transducers acting as
recejvers on arm 416¢, to generate the time-of-flight data.

[0076] FIGURE 6C schematically illustrates opposed arms of a medical device
substantially similar to that illustrated in FIGURES 3A and 5A, wherein each
opposed arm 416e and 416f comprises at least one ultrasound transducer 4182a/418b,
and a membrane 424 configured to facilitate acoustically coupling the at least one
ultrasound transducer with tissue disposed between the opposed arms. It should be
recognized that such a membrane can also be incorporated into the medical device of
FIGURE 6B (where the membrane is required on only one of the two opposed arms,
i.e., the membrane is required only on the opposed arm incorporating the therapeutic
ultrasound transducer, although it may be desirable to incorporate such a member to -
cover an acoustic reflector, to enhance coupling between the tissue and the acoustic
reflector).

[0077] FIGURE 6D schematically illustrates opposed arms of a medical device .
substantially similar to that illustrated in FIGURES 3A and 5A, wherein each
opposed arm 416g and 416h comprises at least one ultrasound transducer 418a/418b,
and a fluid conduit 426 configured to provide a coupling fluid/gel 428 to facilitate
acoustically coupling the at least one ultrasound transducer with tissue disposed
between the opposed arms. It should be recognized that such a fluid conduit can also
be incorporated into the medical device of FIGURE 6B (where the fluid conduit is
required on only one of the two opposed arms, since the fluid conduit is required only
on the opposed arm incorporating the therapeutic ultrasound transducer). It should be
recognized that such a fluid conduit can be incorporated into one or both of the
opposed arms of the medical device configured to provide therapeutic ultrasound in a
variety of different ways, and the specific configuration shown in FIGURE 6D is
intended to be exemplary, rather than limiting. Instead of incorporating the fluid
conduit within the body of the arm, generally as indicated in FIGURE 6D, a separate
fluid conduit, such as flexible tubing, could be used to provide the fluid conduit.
Furthermore, where the medical device incorporates therapeutic transducers on only
one of the opposed arms, the conduit need only be implemented on the arm including
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the ultrasound transducer. However, particularly in embodiments where the other
opposed arm incorporates an acoustically reflective material, it may be desirable to
also incorporate the fluid conduit on the other arm, to enhance an acoustic coupling
between the arm comprising the acoustically reflective material and the target tissue.

[0078] FIGURE 6E schematically illustrates a single arm 416i of a medical device
substantially similar to that illustrated in FIGURES 3A and 5A, wherein the arm
comprises an ultrasound array including at least one element405a disposed
orthogonally to other elements405b in the array. Having at least one element
disposed along a different axis may enhance acquisition of data employed for
Doppler ultrasound.

[0079] FIGURE 6F schematically illustrates a single arm 416j of a medical device
substantially similar to that illustrated in FIGURE 3A, wherein the arm comprises a
transducer 418c (or a transducer array) and surface features 428. The surface features
are configured to enhance the ability of the arm to grip tissue. Such surface features
can include any of ridges, serrations, bumps, grooves and other surface features that
enhance the ability of the arm to grip tissue. In embodiments where such surface
features are implemented, the surface features can be implemented on each of the two
opposed arms in the device. It should be recognized that the orientation of the surface
features relative to the transducer arm axes, as illustrated in FIGURE 6F, is intended
to be exemplary, rather than limiting. Those of ordinary skill in the art will readily
recognize that the surface features can be implemented in many different
configurations and orientations to enhance the gripping power of the arms.
Furthermore, embodiments have been described herein where only one of two
opposed arms incorporates transducers or transducer elements, and the other of the
two opposed arms incorporates an acoustically reflective material or an acoustically
absorbent material. Thus, it should be recognized that surface features can be
implemented on arms that do not also include a transducer or transducer array.

[0080] With respect to materials that can be used to implement medical devices
including opposed arms and transducers configured to provide therapeutic ultrasound,
it should be recognized that the use of biocompatible materials can be important.
Stainless steel and polymers represent exemplary biocompatible materials. Where an
existing medical device such as a clamp or retractor has been retrofitted to incorporate
the ability to provide therapeutic ultrasound, generally as described above, the
materials used to retrofit the existing medical device can also be biocompatible. In
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general, such retrofit can be achieved by providing a kit including components
intended to be attached to the opposed arms of the existing medical device. As
discussed in detail above, at least one arm can be retrofitted to incorporate transducers
configured to provide therapeutic ultrasound. The other opposed arm can be
configured to incorporate similar transducers, acoustically absorbent materials, or
acoustically reflective materials, generally as described above. Each such kit can be
custom fabricated for a specific existing medical device, to ensure a precision fit,
although a generic kit can alternatively be provided. The components in the kit can
be attached to the existing medical device in a variety of ways, including the use of
adhesives or by providing the kit components with a form factor enabling an
interference fit of the components with the existing medical device to be achieved. It
should be recognized- that such attachment techniques are intended to be exemplary,
rather than limiting,

[0081] The tissue temperature monitoring and transmurality evaluation techniques
noted above will now be described in greater detail. FIGURE 7A graphically
illustrates the dependence of tissue sound velocity on temperature; indicating that
there is a relative maximum at a temperature of approximately 50°C. FIGURE 7B
graphically illustrates a series of measured sound pulses that have been propagated
through a Sample of tissue as the temperature is increased, indicating that the
temperature dependence illustrated in FIGURE 7A is substantially duplicated in
FIGURE 7B.

[0082] These techniques enable an empirical determination of the endpoint (i.e.,
whether the tissue or physiological structure has been sufficiently treated or
cauterized to reduce blood loss) to be determined. A beneficial complement to
endpoint determination is a real-time monitor of the progress of the therapy. A
distinct advantage of ultrasound is its real-time imaging and therapy assessment
capabilities. It is known that the velocity of sound in tissue is temperature dependent.
An interesting aspect of this dependence is that the sound speed is double-valued—
(see FIGURE 7A). As the tissue temperature increases to approximately 50°C,
protein de-naturization results in a posijtive-to-negative change in the slope of the
sound velocity with temperature. Near 50°C, the slope is zero. This behavior has
been observed in ex vivo tissue by observing the change in time-of-flight of a
succession of sound pulses through a sample of this tissue as it was heated by high
intensity ultrasound. Exemplary data are shown in FIGURE 7B. Significantly, the
time-of-flight of the ultrasound pulse replicates the behavior shown in FIGURE 7A.
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This interesting result enables a determination of the transmurality of a high intensity
ultrasound-induced lesion produced by a high intensity ultrasound device such as the
one schematically illustrated in FIGURE 5A (described in detail above). By
transmitting an ultrasound pulse from a source transducer in one arm to a receiving
transducer in the opposite arm of the device, the time-of-flight through the tissue
contained between the arms can be measured. In one embodiment, pulses are
transmitted from each of the (source) transducers in one arm and received by
corresponding (receive) transducers in the other arm. In this manner, a series of time-
of-flight displays can be generated, as graphically illustrated in FIGURE 7B. If it is
assumed that the tissue contained between the arms is heated uniformly by the high
intensity ultrasound standing wave pattern (a reasonable assumption), then an
observation that the time-of-flight passes through a minimum, and starts to increase
indicates that the tissue is uniformly heated to and beyond the 50°C denaturization
temperature. Of course, it will be necessary to interleave the high intensity ultrasound
and ultrasound monitoring pulses. Such interleaving/synchronization is described in
U.S. Patent No. 6,425,867, and is relatively simple to implement, particularly, since
the time required to transmit and receive an interrogation pulse is less than a
millisecond.

[0083] FIGURE 8 is a block diagram schematically illustrating the basic elements of
a system 250 that includes a medical device substantially similar to those illustrated in
FIGURES 3A and 5A. System 250 includes a therapy probe/clamp 252 logically
coupled with an ultrasound machine 258 (including a controller), a display 254
logically coupled with ultrasound machine 258, and a trigger 256 (enabling an
operator to selectively energize the transducers in the therapy probe, or to engage a
program stored in ultrasound machine 258 for controlling the therapy probe), also
logically coupled to ultrasound machine 258. It should be recognized that therapy
probe 252 can be configured for minimally invasive surgical techniques, or for open
surgical techniques. Therapy probe 252 can incorporate a clamping mechanism
configured to apply pressure to tissue disposed between opposed arms of the therapy
probe, although it should be recognized that the present disclosure encompasses
exemplary embodiments that do not incorporate such a clamping mechanism. It
should also be recognized that therapy probe 252 can be a custom unit incorporating
integrated therapeutic transducers (and/or acoustically reflective materials and/or
acoustically absorbent materials, generally as discussed above with respect to
FIGURES 6A-6E), or therapy probe 252 can be implemented using an existing
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medical tool comprising opposed arms (Such as a retractor or a clamp) that has been
modified by adding the therapeutic transducers to each arm (or at least one
therapeutic transducer to one arm, with an acoustically reflective material added to
the other arm). Where a duration of the therapeutic ultrasound transmission is under
control of the clinician, the ultrasound machine is preferably configured to provide an
indication to the clinician when a desired result has been achieved (based on
analyzing the treated tissue for blood flow and/or transmurality, generally as
described above). Such an indication can be audible (requiring the incorporation of
speakers into system 250, not separately shown) or visual (for example, utilizing
display 254 or an indicator light (not shown) logically coupled to ultrasound
machine 258). Such an indication can also be tactile; for example, the therapy probe
or operator trigger can incorporate a vibrating mechanism configured to be activated
when the desired result has been achieved, to provide a haptic sensation that indicates
to the clinician that the therapeutic ultrasound can be terminated. Where duration of
the therapeutic ultrasound is under automated control of the ultrasound machine, the
ultrasound machine (or its controlling software program) can be configured to
terminate application of therapeutic ultrasound when a desired result has been
achieved (based on analyzing the treated tissue for blood flow and/or transmurality,
generally as described above).

[0084] In at least one exemplary embodiment, the ultrasound machine is configured
to detect (using transducers acting as receivers in at least one of the opposed arms of
the therapy probe) either cavitation or boiling (or both), and when such conditions are
detected, to reduce power used to energize the transducers providing the therapeutic
ultrasound.

[0085] FIGURE 9 is a block diagram schematically illustrating the basic elements in
a computing device that can be beneficially incorporated into the system of
FIGURE 8. It should be recognized that the controller incorporated into ultrasound
machine 258 can be implemented as hardware (such as an application-specific
integrated circuit or ASIC), although generally, any computing device having a
processor and a memory in which machine language instructions are stored and
executed by the processor for controlling the process can be employed. FIGURE 9
and the following related discussion are intended to provide a brief, general
description of a suitable computing environment, where the ultrasound machine
incorporates a computing device.
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[0086] Where a method or apparatus described herein requires means for evaluating
transmurality, evaluating occlusion of blood vessels, evaluating whether a transducer
is acoustically coupled to tissue, or determining if cavitation or boiling has been
induced in a region of tissue treated with therapeutic ultrasound, it should be
recognized that such means generally require processing and manipulation of
ultrasound data, which can be implemented using hardware (generally as discussed
above) or a computing device such as illustrated in FIGUREY. In general, the
processor will be incorporated into an ultrasound machine used in conjunction with
the therapy probe. In some cases, it would be possible to incorporate a processor into
a therapy probe, however, such an embodiment would likely undesirably increase the
cost of the therapy probe. As most ultrasound machines have processing capability,
in general the required processing will be performed by the ultrasound machine.
With respect to means for evaluating transmurality, the therapy probe will preferably
incorporate at least one ultrasound transducer configured to act as a receiver, to
provide the time-of-flight data to the processor for evaluating transmurality. A less
desirable alternative would be to use a transducer incorporated into a separate probe
to collect the time-of-flight data. With respect to means for evaluating occlusion of
blood vessels, the therapy probe will preferably incorporate at least one ultrasound
transducer configured to generate Doppler ultrasound data to be manipulated by the
processor for evaluating occlusion of blood flow. A less desirable alternative would
be to use a Doppler transducer incorporated into a separate probe to collect the
Doppler uitrasound data. With respect to means for evaluating whether a transducer
is acoustically coupled to tissue, the processor will be programmed to initially
energize the ultrasound transducer at a relatively low or imaging power level, and to
analyze reflected signal data to determine if the transducer is acoustically coupled to
the tissue. Reflected signals from transducer elements acoustically coupled to tissue
can be readily differentiated from reflected signals from transducer elements that are
not acoustically coupled to tissue. With respect to means for determining if cavitation
or boiling has been induced in a region of tissue treated with therapeutic ultrasound,
the processor will be programmed to analyze reflected signal data for indications that
cavitation or boiling is present in the region of tissue being treated by the therapeutic
ultrasound. As described in detail above, techniques exist for interleaving imaging
ultrasound with therapeutic ultrasound, and imaging ultrasound can be used to detect
boiling or cavitation. Alternatively, other imaging modalities, such as MRJ, can be
used in place of ultrasound imaging to detect cavitation or boiling.
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[0087] An exemplary computing system 150 suitable for incorporation into the
ultrasound machine includes a processing unit 154 that is functionally coupled to an
input device 152, and an output device 162, e.g., a display. Processing unit 154
includes a central processing unit (CPU 158) that executes machine instructions
comprising a signal processing program for implementing the transmurality
evaluation and/or blood flow and evaluation functions, as generally described above.
In at least one exemplary embodiment, the machine instructions implement both
functions, although as noted above, the present disclosure also encompasses
exemplary embodiments in which only transmurality evaluation or only blood flow
evaluation is performed. Additional signal processing can enable either an ultrasound
image and/or a Doppler ultrasound image to be displayed to a user, as is generally
known in the art. CPUs suitable for this purpose are available, for example, from
Intel Corporation, AMD Corporation, Motorola Corporation, and from other sources.

[0088] Also included in processing unit 154 are a random access memory 156
(RAM) and non-volatile memory 160, which typically includes read only memory
(ROM) and some form of memory storage, such as a hard drive, optical drive, floppy
drive, etc. These memory devices are bi-directionally coupled to CPU 158. Such
storage devices are well known in the art. Machine instructions and data are
temporarily loaded into RAM 156 from non-volatile memory 160. Also stored in
memory are the operating system software and ancillary software. While not
separately shown, it will be understood that a generally conventional power supply
will be included to provide the electrical power needed to energize computing
system 150.

[0089]1 Input device 152 can be any device or mechanism that facilitates user input
into the operating system, and into application programs running under the operating
system, including, but not limited to, a mouse or other pointing device, a keyboard, a
microphone, a modem, or other device to receive and respond to a user input. In
general, the input device will be used to initially configure computing system 150, to
achieve the desired signal processing, and for input of control decisions by the user.
While not specifically shown in FIGURE 9, it should be understood that computing
system 150 is logically coupled to the therapy probe, display, and operator trigger of
FIGURE 8. Configuration of computing system 150 to achieve the desired signal
processing includes the steps of loading appropriate signal processing software (i.e.,
machine executable instructions) into non-volatile memory 160, and launching the
signal processing application (i.e., loading the signal processing software into
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RAM 156) so that the signal processing application is ready for use. Output
device 162 generally includes any device that produces output information, but will
most typically comprise a monitor or computer display designed for human visual
perception of output. Accordingly, a conventional computer keyboard and computer
display used in connection with the computing device should be considered as
exemplary, rather than as limiting on the scope of this embodiment of the present
disclosure. It should be recognized that at least one output provided by computing
system 150 does not require a display, that output being either an audible, visual (i.e.,
activation of a light source as opposed to using the display to provide a visual
indication), or tactile, generally as discussed above. Thus, in some exemplary
embodiments, the display is not required in system 150. Such embodiments
encompass those in which computing system 150 is specifically configured to
terminate the therapeutic ultrasound when evaluation of the treated tissue (using
either or both the transmurality evaluation and the blood flow evaluation discussed
above) determines that additional treatment is not required, and those in which
computing system 150 is specifically configured to provide at least one of an audible,
visual, or tactile indication to the clinician, indicating that application of therapeutic
ultrasound can be terminated.

[0090] While the concepts disclosed herein can be used to treat a wide variety of
different tissues (including organ tissue and non-organ tissue), the partial
nephrectomy of FIGURES 2A and 2B represent a particularly useful implementation,
because conventional techniques for performing partial nephrectomies often lead to
unacceptable blood loss. Yet another anatomical structure whose treatment according
to conventional procedures is problematic is that of the left atrial appendage (LAA).
Thus, another aspect of the concepts disclosed herein relates to treatment of the LAA
during open chest cardiac surgery, or through a laparoscopic procedure, or during a
thoracotomy. The LAA is believed to be a source of thrombus in the heart, leading to
an increased risk of stroke. It is known that 90% of atrial fibrillation strokes are
located in the LAA. Currently, the standard of care is to remove or occlude the LAA
in current open heart cases to mitigate the risk of stroke and lower the need for
anticoagulants. Current catheter ablation technologies do not offer surgeons the
ability to remove the LAA in a minimally invasive procedure. Surveys indicate that
physicians remove the LAA in more than 50% of such cases, with 31% removing it
in all of their cases. Furthermore, it is known that there is a significant risk in tearing
the LAA when traditional staples are used to exclude blood flow to the appendage.
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The devices and methods described above can thus be beneficially used to treat the
LAA.

[0091] FIGURE 10A schematically illustrates a heart 450, a LAA 452, and a distal
end of a medical device 454 substantially similar to that illustrated in FIGURES 3A
and 5A. FIGURE 10B schematically illustrates medical device 454 being used to
treat the LAA of FIGURE 104, in a procedure that substantially minimizes the risk
of bleeding associated with treatment of the LAA (note that because of the orientation
of medical device 454 in FIGURE 10B, only one of the two arms can be seen in the
Figure, the other arm being blocked from view by the first arm and the LAA).
Device 454 comprises opposed arms 456a and 456b, configured to be clamped about
the LAA using a force substantially sufficient to generally occlude blood flow in the
LAA. At least one of the arms includes at least one therapeutic transducer configured
to provide therapeutic' ultrasound, generally as described above, to produce a
generally planar lesion 458 between the opposed arms. FIGURE 10C schematically
illustrates generally planar lesion 458 having been formed in the LAA as a result of
the application of therapeutic ultrasound. Note that FIGURES 10B and 10C are
enlarged views of a portion 451 of FIGURE10A that includes the LAA. It should be
recognized that device 454 can be implemented using any of the configurations
disclosed in FIGURES 6A-6E.

[0092] An opening in the chest wall is made, generally in connection with a
laparoscopic procedure or a thoracotomy. In cases of open chest surgery, the LAA
would be exposed. Device 454 is used to clamp the LAA near the left atrium of the
heart, excluding blood flow from the LAA. Once sufficient clamping pressure is
applied and blood flow to the LAA is substantially occluded, the transducers (or at
least one transducer) would be engaged to generate a generally planar region of tissue
(i.e., lesion 458). Utilizing the feedback mechanisms described above to monitor
blood flow and/or transmurality, the therapeutic ultrasound would be applied until a
fulli/ transmural region of tissue was obtained, and blood flow to the LAA was
completed occluded. After determining that the blood flow was occluded, the clamp
would be loosened, and a further check performed to verify that the blood flow in the
LAA remains occluded. The apparatus can then be removed. If desired, the LAA
can be removed by cutting along the necrotic zone. The LAA can often be left in
place, to atrophy and be absorbed by normal biological processes.
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[0093] It should be recognized that the therapy probes disclosed above with respect
to FIGURE 3A (in which the clamp incorporates the therapeutic transducers
discussed above), FIGURES 5A-5C, and FIGURES 6A-6E are intended to be
exemplary, rather than limiting. Many modifications can be made thereto to achieve
high intensity ultrasound devices that can be used to facilitate surgical operations with
minimal blood loss. Variations and combinations include the following: (1) high
intensity ultrasound devices wherein the opposed arms are configured to exert
sufficient clamping forces on tissue disposed between the opposed arms to collapse
blood vessels walls so that they will be sealed by the application of the high intensity
ultrasound, and the resulting thermal ablation and tissue cauterization that results;
(2) high intensity ultrasound devices wherein ultrasound imaging transducers are
incorporated into at least one of the opposed arms, to facilitate ultrasound imaging of
adjacent physiological structures including the tissue disposed between the opposed
arms; (3) high intensity ultrasound devices wherein a plurality of individual
transducers are included in a single opposed arm; (4) high intensity ultrasound
devices wherein a single transducer configured to emit high intensity ultrasound is
included in a single opposed arm; (5) high intensity ultrasound devices wherein a
single opposed arm includes at least one transducer configured to emit high intensity
ultrasound and at least one transducer configured to act as a receiver; (6)high
intensity ultrasound devices wherein each opposed arm includes at least one
transducer configured to emit high intensity ultrasound; (7) high intensity ultrasound
devices wherein a first opposed arm includes at least one transducer configured to
emit high intensity ultrasound, while the other opposed arm includes a reflector
configured to reflect high intensity ultrasound emitted from the first opposed arm;
(8) high intensity ultrasound devices wherein at least one opposed arm includes at
least one transducer configured to emit HIFU; (9) high intensity ultrasound devices
wherein at least one opposed arm includes at least one transducer configured to emit
high intensity ultrasound and wherein at least one opposed arm includes at least one
transducer configured to act as a receiver to collect time-of-flight information;
(10) high intensity ultrasound devices wherein each opposed arm includes at least one
transducer configured to emit high intensity ultrasound and at least one transducer
configured to act as a receiver to collect time-of-flight information; and, (11) high
intensity ultrasound devices wherein at least one opposed arm includes at least one
transducer configured to generate Doppler ultrasound data that can be used to
determine blood flow conditions within tissue disposed between the opposed arms.
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[0094] Additional details of devices including opposed arms that are configured to
treat tissue disposed between the opposed arms to necrose or cauterize such tissue, to
facilitate surgery with minimal blood loss are as follows. Again, it should be
recognized that such embodiments are intended to be exemplary, rather than limiting.

[0095] A. High intensity ultrasound devices having a size enabling the apparatus to
be used in connection with minimally invasive instruments, such as a laparoscope or
endoscope that can be inserted through a trocar or similar entry device into the
abdominal cavity, or other regions of the body. In cases for which an open surgery
approach is available, a modified version of the devices described above, without the
testrictions of size imposed by laparoscopy, can be used (see FIGURES 1A and 1B,
modified such that send and receive transducers are disposed in arms 109 and 113, or
modified to achieve one of the other exemplary embodiments described herein).

[0096] B. High intensity ultrasound devices including a pair of expandable parallel
arms, of sufficient length to enclose the tissue under consideration, such as a kidney, a
lobe of kidney, a benign or malignant tumor, an appendix, a LAA, or any other such
tissues that are desired to be treated or removed from the body.

[0097] C. High intensity ultrasound devices including a pair of parallel arms, such
that along each of the parallel arms is attached a single transducer, or an array of
transducers, that can effectively radiate high intensity ultrasound in the frequency
range of 1-15 MHz. In one configuration the acoustic waves emitted would be
parallel self-focusing. In another configuration the acoustic waves would be focused
via transducer shape or by using a focusing lens.

[0098] D. High intensity ultrasound devices including a pair of parallel arms
incorporating water pillows or other coupling agents integrated into the device along
the transducer face to insure proper acoustic coupling.

[0099] E. High intensity ultrasound devices including transducers connected to a
power supply to drive the transducer through a cable that is enclosed in the center of
the arm of the minimally invasive device. In this configuration, the power unit that
supplies electrical energy to drive the transducers is located outside the body.

[00100] F. High intensity ultrasound devices configured to be used in
minimally invasive procedures such that once the minimally invasive device was
inserted into the abdominal cavity or other region of the body, the tissue of interest
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would be selected, the parallel arms of the apparatus expanded and these arms
maneuvered so as to clamp adjacent to the portion of the tissue to be transected.

[00101] G. High intensity ultrasound devices including parallel arms
configured to exert sufficient clamping strength to collapse blood vessels using the
arms of the clamp, preventing blood flow to the region distal of the clamp.

[00102] H. High intensity ultrasound devices including at least one transducer
configured to generate high intensity ultrasound sufficient to induce thermal ablation
and tissue cauterization of the entire thickness of tissue contained within tissue
disposed between opposed parallel arms. Blood vessels contained with the tissue
would also be thermally ablated and the adjacent walls of the vessels fused together.

[00103] 1. High intensity ultrasound devices including at least one transducer
configured to receive time-of-flight of sound pulses to evaluate the transmurality of
the lesion and to provide a real-time feedback to the user of successful completion of
the procedure.

[00104] J. High intensity ultrasound devices including at least one transducer
configured to interrogate the blood vessels contained within the arms of the device in
a Doppler format to determine if blood flow still was present distal to the line of
cauterization. If this interrogation indicated that blood flow still persisted, then
additional high intensity ultrasound would be applied.

[00105] K. High intensity ultrasound devices configured to facilitate insertion
of additional minimally invasive devices so that the tissues distal to the plane of
cauterization could be removed without fear of bleeding.

[00106] L. High intensity ulirasound devices configured to reduce the
requirement for additional surgery, since the tissue distal from the plane of
cauterization would be devoid of blood supply and would then be absorbed by the
body.

[00107] M. High intensity ultrasound devices configured to permanently
occlude blood flow or block nerve signal transduction from locations disposed
between parallel arms of the device.

[00108] N. High intensity ultrasound devices including opposed arms, at least
one arm including one or more transducers configured to provide therapeutic
ultrasound, each arm including at least one of the following elements: a transducer
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configured to provide therapeutic ultrasound, an acoustically reflective material, and
an acoustically absorbent material.

[00109] Although the concepts disclosed herein have been described in
connection with the preferred form of practicing them and modifications thereto,
those of ordinary skill in the art will understand that many other modifications can be
made thereto within the scope of the claims that follow. Accordingly, it is not
intended that the scope of these concepts in any way be limited by the above
description, but instead be determined entirely by reference to the claims that follow.
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The invention in which an exclusive right is claimed is defined by the
following:
1. Apparatus for use during a medical procedure, to isolate a region of
tissue from its blood supply, comprising:
(a) a first member on which is disposed at least one ultrasound
transducer configured to treat a region of tissue using therapeutic ultrasound; and
(b) a second member configured to be in a facing relationship
with the first member, such that a region of tissue to be treated can be generally
positioned between the first member and the second member, the second member
comprising at least one element selected from the group consisting essentially of:

@ at least one additional ultrasound transducer;

(i) an acoustically absorbent material configured to
absorb any residual therapeutic ultrasound transmitted from the at least one
ultrasound transducer of the first member after the therapeutic ultrasound has passed
through a region of tissue to reach the acoustically absorbent material, to prevent the
residual therapeutic ultrasound from adversely affecting tissue distally beyond the
acoustically absorbent material; and ‘

@iii)  an acoustically reflective material configured to reflect
the therapeutic ultrasound that is transmitted from the at least one ultrasound
transducer of the first member that has passed through a region of tissue to reach the
acoustically reflective material, such that the therapeutic ultrasound reflected by the
acoustically reflective material is directed back towards the first member.

2. The apparatus of Claim 1, wherein the first and second members are
generally elongate.
3. The apparatus of Claim 1, further comprising means for evaluating a

transmurality of a region of tissue treated with the therapeutic ultrasound, to provide
feedback as to whether the region of tissue has been sufficiently treated to
substantially prevent bleeding from a vascular structure in a region of tissue that was
treated.

4. The apparatus of Claim 3, further comprising means for evaluating
blood flow within the region of tissue, to provide feedback indicative of whether
blood flow in a region of tissue that was treated has been substantially occluded.
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5. The apparatus of Claim 1, further comprising means for evaluating
blood flow within a region of tissue that has been treated with the therapeutic
ultrasound, to provide feedback as to whether blood flow in the region of tissue has
been substantially occluded.

6. The apparatus of Claim 1, further comprising a clamping mechanism
configured to force the first and second members against a region of tissue, to at least
partially occlude blood flow within the region of tissue.

7. The apparatus of Claim 1, wherein the first and second members
comprise opposing jaws of a medical clamp that has been modified to provide
ultrasound therapy by disposing the at least one ultrasound transducer on at least one
of the opposing jaws.

8. The apparatus of Claim 7, wherein the medical clamp is configured
for insertion into a body of a patient during a minimally invasive surgery.

9. The apparatus of Claim1, further comprising a fluid conduit
configured to provide a coupling fluid to at least one of the first and second members.

10.  The apparatus of Claim 1, wherein the at least one transducer of the
first member comprises an array of transducers.

11.  The apparatus of Claim 10, further comprising means for determining
if each element in the array is acoustically coupled with the region of tissue, such that
only elements acoustically coupled with the region of tissue are energized to transmit
the therapeutic ultrasound.

12.  The apparatus of Claim 10, wherein at least one transducer element of
the array is orthogonally disposed relative to other transducer elements of the array.

13.  The apparatus of Claim 1, wherein the first member further comprises
a biocompatible membrane configured to facilitate acoustically coupling the at least
one ultrasound transducer to a region of tissue.
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14.  The apparatus of Claim 1, further comprising means for detecting
either cavitation or boiling caused by the therapeutic ultrasound in a region of tissue,
and reducing a power level for energizing the at least one ultrasound transducer when
either cavitation or boiling is detected.

15.  The apparatus of Claim 1, wherein the first member and second
member are fabricated from biocompatible materials.

16. The apparatus of Claim 1, wherein the first member and second
member are fabricated from sterilizable materials.

17.  The apparatus of Claim 1, further comprising means for focusing at
least one transducer implemented on the apparatus.

18. A method for using therapeutic ultrasound to treat a region of tissue to
generally occlude blood flow in the region of tissue, comprising the steps of:

(a) selecting a region of tissue to be treated, the region of tissue
comprising a first face and a second face, the second face being disposed generally
opposite the first face, such that the region of tissue is generally disposed between the
first and second faces;

(b)  positioning a first member proximate the first face, the first
member comprising at least one therapeutic ultrasound transducer;

© positioning a second member proximate the second face, the
second member comprising at least one element selected from the group consisting
essentially of:

(i) at least one additional therapeutic ultrasound
transducer;

(ii) an acoustically reflective material; and

@iii)  an acoustically absorbent material;

(d) energizing the at least one therapeutic ultrasound transducer,
and if the second member comprises the at least one additional therapeutic ultrasound
member, also energizing the at least one additional therapeutic ultrasound member, to
treat the region of tissue disposed between the first and second faces with therapeutic
ultrasound for a period of time; and

) evaluating the region of tissue to determine if additional
treatment with the therapeutic ultrasound is required to substantially occlude blood
flow in the region.
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19.  The method of Claim 18, wherein the step of evaluating the region of
tissue comprises the step of evaluating a transmurality of the region of tissue.

20. The method of Claim 19, wherein the step of evaluating the
transmurality of the region of tissue comprises the step of determining time-of-flight
data for the therapeutic ultrasound passing through the region of tissue.

21.  The method of Claim 18, wherein the step of evaluating the region of
tissue comprises the step of evaluating a blood flow within the region of tissue using
Doppler ultrasound.

22.  The method of Claim 18, further comprising the step of providing
feedback to a user indicative of whether additional therapeutic ultrasound treatment
of the region of tissue is required to substantially occlude blood flow through the
region of tissue.

23.  The method of Claim 18, further comprising the step of applying
pressure to the region of tissue with the first and second members, to at least partially -
occlude blood flow through the region of tissue, before the step of energizing the at
least one therapeutic ultrasound transducer to treat the region of tissue.

24.  The method of Claim 18, further comprising the step of coupling the
first and second members to opposed faces of a minimally invasive surgical tool.

25. The method of Claim 18, wherein the first and second members
comprise generally elongate members.

26.  The method of Claim 18, wherein the region of tissue comprises a left
atrial appendage.

27.  The method of Claim 18, wherein the at least one transducer of the

first member comprises an array, further comprising the steps of:

€)) energizing each element of the array at a relatively low power
before applying therapeutic ultrasound, to determine if the element is acoustically
coupled to the region of tissue; and

(b) then only energizing elements of the array that have been
determined to be acoustically coupled to the region of tissue at a higher power, which
is sufficient to provide the therapeutic ultrasound.
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28.  The method of Claim 18, further comprising the step of monitoring
the region of tissue for signs of either a cavitation or a boiling caused by the
therapeutic ultrasound, such that if either is detected, the step of energizing the at least
one therapeutic ultrasound transducer to treat the region of tissue continues at a
reduced power level.
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29. A system for using therapeutic ultrasound to treat a region of tissue to
generally occlude blood flow in the region of tissue and to provide an indication to an
operator that the region of tissue has been sufficiently treated with the therapeutic
ultrasound to substantially occlude blood flow in the region, comprising;

(a) a therapy probe comprising a first member including at least
one ultrasound transducer configured to treat a region of tissue using the therapeutic
ultrasound, and a second member configured to be disposed in a facing relationship
with the first member, such that a region of tissue to be treated is generally disposed
between the first member and the second member, the second member comprising at
least one element selected from the group consisting essentially of:

® at least one additional ultrasound transducer that also
produces the therapeutic ultrasound;

(i) an acoustically absorbent material configured to
absorb any residual therapeutic ultrasound transmitied from the at least one
ultrasound transducer of the first member, which has passed through a region of tissue
to reach the acoustically absorbent material, to prevent the residual therapeutic
ultrasound from adversely affecting tissue distal of the acoustically absorbent
material; and

(i)  an acoustically reflective material configured to reflect
the therapeutic ultrasound transmitted from the at least one ultrasound transducer of
the first member, which has passed through a region of tissue to reach the acoustically
reflective material, such that therapeutic ultrasound reflected by the acoustically
reflective material is directed back towards the first member;

(b) an ultrasound machine coupled to the therapy probe, the
ultrasound machine being configured to:

@) drivingly control each ultrasound transducer in the
therapy probe to treat a region of tissue using the therapeutic ultrasound; and

(1) evaluate a region of tissue after a therapeutic
ultrasound treatment has been rendered thereto, to determine an effectiveness of the
therapeutic ultrasound treatment in substantially occluding blood flow within the
region of tissue; and

(©) an output device coupled with the ultrasound machine, the
output device providing an indication to an operator when a region of tissue has been
sufficiently treated with the therapeutic ultrasound to substantially occlude blood flow
through the region of tissue.
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30. The system of Claim29, wherein the first and second members
comprise generally elongate members.

31.  The system of Claim 29, wherein the output device comprises at least
one element selected from the group consisting essentially of:

(a) a speaker configured to provide an audible indication to the
operator that a region of tissue has been sufficiently treated with the therapeutic
ultrasound to substantially occlude blood flow through the region of tissue;

(b) a light configured to provide a visual indication to the operator
that a region of tissue has been sufficiently treated with the therapeutic ultrasound to
substantially occlude blood flow through the region of tissue; and

(©) a display that is configured to provide a visual indication to
the operator that a region of tissue has been sufficiently treated with the therapeutic
ultrasound to substantially occlude blood flow through the region of tissue.

32.  The system of Claim 29, wherein the therapy probe further comprises
a clamping mechanism configured to force the first and second members against a
region of tissue sufficiently to at least partially occlude blood flow within a region of
tissue prior rendering a treatment with the therapeutic ultrasound.

33.  The system of Claim 29, wherein the first and second members of the
therapy probe are configured to be coupled with opposing jaws of a medical clamp, to
provide therapeutic ultrasound capability to such medical clamps.

34. The system of Claim 29, wherein the at least one transducer of the
first member comprises an array of transducers, and wherein the ultrasound machine
determines if each element in the array is acoustically coupled with the region of
tissue and only energizes elements of the array that are acoustically coupled with the
region of tissue to produce the therapeutic ultrasound.

35.  The system of Claim 29, wherein the ultrasound machine evaluates a
region of tissue treated with the therapeutic ultrasound, by evaluating a transmurality
of the region of tissue, wherein a determination by the ultrasound machine that
substantial transmurality has been achieved indicates that the region of tissue has
been sufficiently treated with the therapeutic ultrasound.
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36.  The system of Claim 35, wherein the ultrasound machine evaluates
the transmurality of a region of tissue by analyzing time-of-flight data for the
therapeutic ultrasound that has passed through the region of tissue.

37.  The system of Claim 35, wherein the therapy probe further comprises
at least one transducer configured for Doppler ultrasound, and wherein the ultrasound
machine evaluates a region of tissue after a treatment with the therapeutic ultrasound
by using Doppler ultrasound to measure blood flow in the region of tissue, a
substantial occlusion of blood flow in the region of tissue indicating that the region of
tissue has been sufficiently treated with the therapeutic vltrasound.

38.  The system of Claim 29, wherein the therapy probe further comprises
at least one transducer configured for Doppler ultrasound, and wherein the ultrasound
machine evaluates a region of tissue treated with the therapeutic ultrasound by using
Doppler ultrasound to measure blood flow in the region of tissue, a substantial
occlusion of blood flow in the region of tissue indicating that the region of tissue has
been sufficiently treated with the therapeutic ultrasound.

39. The system of Claim?29, wherein the ultrasound machine
automatically determines if cavitation or boiling has been induced in a region of
tissue by the therapeutic ultrasound, and if so, reduces a power level it uses to
energize each ultrasound transducer in the therapy probe to treat a region of tissue
with the therapeutic ultrasound.

40. The system of Claim29, wherein the ultrasound machine
automatically:

(@) energizes each ultrasound transducer in the therapy probe to
provide a treatment with the therapeutic ultrasound for a predetermined period of
time; and

(b) evaluates a region of tissue to determine if an additional
therapeutic ultrasound treatment is required, and if so, energizes each ultrasound
transducer in the therapy probe to provide the additional therapeutic ultrasound
treatment for an additional period of time, until a subsequent evaluation of the region
of tissue indicates that further therapeutic ultrasound treatment is not required.
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41.  The system of Claim29, wherein the ultrasound machine

automatically:

(@) energizes each ultrasound transducer in the therapy probe to
provide a treatment with the therapeutic ultrasound; and

(b) simultaneously evaluates a region of tissue to determine if
further therapeutic ultrasound treatment is required, such that when no further
therapeutic ultrasound treatment is required, the energizing of each ultrasound
transducer in the therapy probe is terminated.

42. A method for treating a left atrial appendage, to substantially occlude
blood flow within at least a portion of the left atrial appendage, comprising the steps
of:

(a) positioning a first member proximate a first portion of the left
atrial appendage, the first member comprising a least one therapeutic ultrasound
transducer;

(b) positioning a second member proximiate a second portion of
the left atrial appendage, the second portion being generally opposite the first portion,
such that a region of tissue is defined between the first and second portions of the left
atrial appendage, the second member comprising an element selected from the group
consisting essentially of:

@ at least one additional therapeutic ultrasound
transducer;

(i) an acoustically reflective material; and

(iii)  an acoustically absorbent material;

() energizing each therapeutic ultrasound transducer on the first
and the second members to treat the region of tissue disposed between the first and
second members for a period of time; and

(d) evaluating the region of tissue to determine if an additional
treatment with the therapeutic ultrasound is required to substantially occlude blood
flow in the region of tissue.
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43.  The method of Claim 42, wherein the step of evaluating the region of
tissue comprises at least one step selected from the group of steps consisting
essentially of:

(a) evaluating a blood flow within the region of tissue using
Doppler ultrasound; and

(b) evaluating a transmurality of the region of tissue by collecting
time-of-flight data for ultrasound waves passing through the region of tissue.

44.  The method of Claim 42, further comprising the step of applying
pressure to the region of tissue with the first and second members, to at least partially
occlude a blood flow in the region of tissue, before the step of energizing each
therapeutic ultrasound transducer to treat the region of tissue with the therapeutic
ultrasound.

45.  The method of Claim 42, further comprising the step of coupling the
first and second members to opposed faces of a minimally invasive surgical tool, so
that the tool is thus modified to provide the therapeutic ultrasound to the regions of
tissue.
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