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MEDICAL INSTRUMENT SHEATH COMPRISING
A FLEXIBLE ULTRASOUND TRANSDUCER

RELATED APPLICATIONS

[0001] This is a continuation application of copending
application Ser. No. 09/164,603, filed Oct. 1, 1998 which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to medical devices.
More particularly, the present invention relates to a sheath
for use with medical devices.

[0004] II. Description of the Related Art

[0005] The use of minimally invasive surgical techniques
has dramatically affected the methods and outcomes of
surgical procedures. Physically cutting through tissue and
organs to visually expose surgical sites in conventional
“open surgical” procedures causes tremendous blunt trauma
and blood loss. Exposure of internal tissues and organs in
this manner also dramatically increases the risk of infection.
Trauma, blood loss, and infection all combine to extend
recovery times, increase the rate of complications, and
require a more intensive care and monitoring regiment. The
result of such open surgical procedures is more pain and
suffering, higher procedural costs, and greater risk of
adverse outcome.

[0006] In contrast, minimally invasive surgical procedures
cause little blunt trauma or blood loss and minimize the risk
of infection by maintaining the body’s natural barriers to
infection. Minimally invasive surgical procedures result in
faster recoveries and cause fewer complications than con-
ventional surgical procedures. Minimally invasive proce-
dures, such as laparoscopic, brachytherapy, endoscopic, or
cystoscopic surgery, have replaced more invasive surgical
procedures in many areas of medicine. Due to technological
advancements in areas such as fiber optics, micro-tool
fabrication, noninvasive visualization, and material science,
more easily operated and more cost effective tools are
available to the physicians for use in minimally invasive
procedures. However, a host of technical hurdles still exists
that limit the efficacy and increase the difficulty of minimally
invasive procedures.

[0007] One critical aspect of minimally invasive surgical
techniques is the ability of the operator to visualize the
position of surgical instruments within the body and to
determine the extent of the manipulation of organs and
tissues caused by the surgical instruments. For example,
percutancous coronary angioplasty (PTCA) uses fluoros-
copy to position a tiny balloon at the end of a long flexible
catheter in a coronary artery where a stricture has reduced
blood flow to the heart. Another example of a minimally
invasive procedure is arthroscopic surgery in which fiber
optic visualization is used to position and control small tools
within bone joints to repair, ablate, or remove tissue.

[0008] Fiber optic and fluoroscopic visualization require a
vessel, duct, or cavity into which a transparent or radiopaque
fluid can be injected. However, procedures not involving a
vessel, duct, or cavity where a fluid can be injected and
contained require other methods of visualization. For

I. Field of the Invention
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example, the manipulation of soft tissue organs requires
entirely different methods of visualization. In such proce-
dures, visualization techniques such as magnetic resonance
imaging (MRI) or ultrasound which distinguish the borders
and shapes of soft tissue organs or masses are used.

[0009] MRI has been particularly effective in providing
detailed visualization of damage or growth of soft tissues
surrounded by other organs and structures. MRI measures
the radio frequency (RF) signals emitted by the nuclei of
atoms subjected to a transient magnetic field while in a
strong static field. However, the size, cost, complexity, and
nature of MRI systems may make them poor candidates for
visualization in many surgical procedures.

[0010] Ultrasound imaging relies on the reflection of high
frequency sound waves at interfaces of varying acoustic
impedance to create a two dimensional picture of internal
body structures. Many prior art ultrasound imaging systems
exhibit undesirable features such as a lack of structural
resolution, phantom and ghost images created by scattered
sound waves and limited visualization due to obstructions in
the field of view. However, ultrasound does provide a lower
cost, less complicated and more compact alternative to MRI.
Ultrasound imaging systems can typically be operated by
one person, are a fraction of the cost and size of an MRI
system, are mobile, and are less restrictive on the operating
environment.

[0011] Modern ultrasound technology has expanded the
application of minimally invasive surgical techniques into
areas in which direct surgical intervention had previously
been the only option. One surgical technique to which
modern ultrasound imaging has been applied is cryosurgery.
Cryosurgery involves the freezing of diseased tissue. Cryo-
surgery has been used for decades with limited success to
destroy diseased tissue throughout the body. Historically,
cryosurgery has been limited in its application to the destruc-
tion of tissue on the surface of the body or in a space where
the visible manipulation of tissue was possible. Recently the
role of cryosurgery has been expanded to include the appli-
cation of cryosurgery in a minimally invasive manner.
Minimally invasive techniques were made possible by
advances in the ability to visualize soft tissues by ultrasound
imaging. Ultrasound imaging allows the surgeon to visualize
tissue or organ “landmarks” within the patient’s body and,
thereby, correctly position the freezing probe or cryoprobe
within the soft tissue.

[0012] The surgical procedure for destroying a target
tissue with cryosurgery begins by placing the probe in the
target tissue mass. Ultrasound imaging is typically used to
guide the probe in a minimally invasive manner. An ultra-
sound transducer on the probe in close proximity to the
freezing element is used to facilitate the positioning of the
probe. The ultrasound transducer on the probe generates an
ultrasound signal in response to detection of an incident
ultrasound signal from an imaging system. The response
signal is detected by the imaging system causing an image
to be displayed on the monitor of the imaging system. The
response signal radiates from the ultrasound transducer on
the probe, thus, defining the location of the probe tip and
freezing e¢lement.

[0013] Prior art ultrasound transducers use ferroelectric
piezoceramic transducer elements. Ferroelectric transducers
are made of materials such as lead zirconate titanate (PZT)
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and, therefore, are glasslike and brittle. Due to their brittle
nature, ferroelectric elements are susceptible to breaking or
cracking. To avoid breakage during the surgical process, the
ferroelectric transducer must be mounted securely to the
medical device within a protective enclosure as an integral
part of the medical device. These requirements add cost and
complexity to the design of the medical device.

[0014] The resonant frequency of ferroelectric transducers
over which they are useful as ultrasound transducers is
determined by the thickness of the device. A typical ferro-
electric element has a hallow a cylindrical shape. Electrodes
are placed on the inner and outer cylindrical surfaces of the
transducer. Ferroelectric transducers are narrow band
devices, meaning the frequency bandwidth over which a
ferroelectric element is useful as a transducer is limited. For
example, a ferroelectric element with a cylindrical wall
thickness of approximately 0.015 inches is useful as an
ultrasound transducer over a range from about 5 Megahertz
(MHz) to about 10 MHz. Practical manufacturability con-
cerns constrain the minimum size of ferroelectric elements
in cylindrical shapes to a cylindrical wall thickness of
approximately 0.012 inches meaning that the actual diam-
eter of the devices is significantly larger. Inclusion of an
element with such a relatively large size can adversely
impact the design of the medical device and interfere with
the efficient operation of the device.

[0015] A variety of different medical devices may benefit
from the inclusion of an ultrasound transducer. The task of
redesigning the large variety of medical instruments to
include an ultrasound transducer is quite burdensome,
requiring extensive redesign, retesting and manufacturing
retooling. Therefore, the inclusion of an ultrasound trans-
ducer on a large variety of medical device may be financially
prohibitive.

[0016] In addition, the presence of an ultrasound trans-
ducer is not required for all procedures which might be
carried out by a particular medical device. Therefore, inclu-
sion of an unnecessary ultrasound transducer can add cost
and complication to a medical device as well as sub-optimal
design constraints. Therefore, there are many situations in
which it is advantageous to use medical devices which do
not contain an ultrasound transducer.

[0017] Therefore, it is apparent that there has been a long
felt need in the industry to have an efficient means and
method of providing ultrasound capabilities to a variety of
medical instruments as needed without significantly inter-
fering with the performance of the device. The present
invention provides an elegant means and method for satis-
fying this need.

SUMMARY OF THE INVENTION

[0018] An ultrasound transducer comprises a sheath body
constructed from a nonconductive material, the sheath body
is configured to be installed snugly over a medical device. A
piezoelectric copolymer transducer is held snugly to the
medical device by the sheath body when the ultrasound
transducer is installed over the medical device. The piezo-
electric copolymer transducer transduces incident ultra-
sound signals into corresponding electric signals. A ground
conductor is coupled to a first surface of the piezoelectric
copolymer transducer. And a signal conductor is coupled to
a second surface of the piezoelectric copolymer transducer
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and conducts the corresponding electric signals to a proxi-
mal end of the medical device.

[0019] In one embodiment, the medical device comprises
a manipulator for manipulating tissue within a zone of
manipulation and the piezoelectric copolymer transducer is
disposed within the zone of manipulation and responds to
receipt of an incident radiated signal by generation of a
responsive radiated signal while the manipulator manipu-
lates the tissue within the zone of manipulation. The ultra-
sound transducer may comprise electronics coupled to the
piezoelectric copolymer transducer which receive a timing
input from a scanner so that when a signal level of the
incident radiated signal falls below a level at which the
ultrasound transducer may detect the incident signal, the
piezoelectric copolymer transducer generates a timed radi-
ated signal based upon the timing signal.

[0020] In another embodiment, the piezoelectric copoly-
mer transducer is further for transducing input electric
signals conducted by the signal conductor into ultrasound
signals radiated by the piezoelectric copolymer transducer. A
scanner may produce the incident ultrasound signals, detect
the ultrasound signals radiated by the piezoelectric copoly-
mer transducer and produce a corresponding image.

[0021] In one embodiment, the piezoelectric copolymer
transducer is deposited on the sheath body. In another
embodiment, the signal conductor is deposited on the sheath
body. In yet another embodiment, the ground conductor is
disposed on the sheath body to cover the signal conductor
when the ultrasound transducer is installed over the medical
device, thereby, operating to shield the signal conductor
from ingress signals. The ground conductor may be wider
than the signal conductor. The ground conductor is directly
coupled to the medical device in order to provide a common
ground potential.

[0022] In one embodiment, the piezoelectric copolymer
transducer is disposed on the sheath body so as to be located
at a tip of the medical device when the ultrasound transducer
is installed thereon. The sheath body may comprise openings
in order to facilitate performance of an intended purpose of
the medical device.

[0023] The ultrasound transducer may further comprise a
signal recovery and production unit for producing a input
electric signal on the signal conductor responsive to the
incident ultrasound signal detected by the piezoelectric
copolymer transducer. In another embodiment, the medical
device manipulates tissue and a means for analyzing is
coupled to the signal conductor. The means for analyzing
accumulates a set of values of the corresponding electric
signals over time in order to determine a predicted measure
of manipulation induced by the medical device. In yet
another embodiment, the means for analyzing comprises an
imaging system for displaying an image derived from sig-
nals generated by a scanner and an image of the predicted
measure of manipulation.

[0024] In one embodiment, the ultrasound transducer
comprises a second piezoelectric copolymer transducer.

[0025] In yet another embodiment, the ultrasound trans-
ducer comprises a transformer coupled to the signal con-
ductor which transforms an electrical impedance of the
piezoelectric copolymer transducer to a lower value. The
transformer may be a toroid. The transformer may be
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integrated into an electrical connector which couples the
signal conductor to a signal recovery and production unit.

[0026] In one embodiment, the piezoelectric copolymer
transducer is constructed from polyvinylidene difluoride
(PVDEF). In another embodiment, the piezoelectric copoly-
mer transducer is constructed from polyvinyl difluoride
(PVF). In yet another embodiment, the piezoelectric copoly-
mer transducer is constructed from copolymers of
vinylidene fluride. In yet another embodiment, the piezo-
electric copolymer transducer is deposited on the sheath
body so as to form a cylindrical band around the ultrasound
transducer. The cylindrical band may be about 1 to 10
millimeters in width. The cylindrical band may be about
25-150 micrometers thick. The piezoelectric copolymer
transducer may exhibit a relatively flat response to the
incident ultrasound signals in the range of 1 to 10 Mega-
hertz.

[0027] 1In one embodiment, the sheath body is constructed
from of a material that shrinks when exposed to some
external effect. In another embodiment, the sheath body is
constructed from polytetrafluoroethylene. In yet another
embodiment, the sheath body is constructed from a polymer.
In yet another embodiment, the sheath body is constructed
from mylar.

[0028] The sheath body may be constructed to be about
10% smaller than an outside diameter of the medical device.
The sheath body is constructed from a flat sheet of material
having two opposing edges sealed together lengthwise.

[0029] The medical device may be a biopsy needle,
brachytherapy needle, breast biopsy probe or a cryoprobe.
The ultrasound transducer may be intended for a single use.
In one embodiment, the ultrasound transducer operates
independently from the medical device. The ultrasound
transducer may be suitable for use with a variety of different
medical devices.

[0030] A method of performing a medical procedure com-
prising ultrasound functionality has the step of installing a
disposable sheath comprising a copolymer transducer over a
medical device. The disposable sheath is coupled to a signal
recovery and production unit. An area of tissue is exposed to
an incident ultrasound signal. The medical device is dis-
posed within the area of tissue. A corresponding electric
signal is detected from the copolymer transducer at the
signal recovery and production unit. In one embodiment, the
method comprises the step of responding to receipt of the
corresponding electric signal by generation of a responsive
electric signal which is transduced by the copolymer trans-
ducer to create a responsive ultrasound signal. In another
embodiment, the method further comprises the step of
responding to receipt of a timing signal from a scanner by
generation of the responsive electric signal which is trans-
duced by the copolymer transducer to create the responsive
ultrasound signal when a level of the incident ultrasound
signal falls below a detectable level.

[0031] The medical device may be a biopsy needle, a
brachytherapy needle, a breast biopsy probe or a cryoprobe.
The disposable sheath may be intended for a single use. The
disposable sheath may comprise a sheath body constructed
polytetrafluoroethylene, a polymer or from from mylar. In
one embodiment, the disposable sheath comprises a stretch-
able sheath body constructed to be smaller than an outside
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diameter of the medical device. In another embodiment, the
disposable sheath comprises a sheath body constructed from
of a material that shrinks when exposed to some external
effect. The disposable sheath may comprise a sheath body
comprising openings in order to facilitate performance of an
intended purpose of the medical device. In one embodiment,
the signal recovery and production unit accumulates a set of
values of the corresponding electric signal over time in order
to determine a predicted measure of manipulation induced
by the medical device.

[0032] 1In one embodiment, the disposable sheath further
comprises a second piezoelectric copolymer transducer. The
copolymer transducer may be constructed from polyvi-
nylidene difluoride (PVDF), polyvinyl difluoride (PVF) or
copolymers of vinylidene fluride.

[0033] Inone embodiment, the method comprises the step
of generating an input electric signal at the signal recovery
and production unit wherein the input electric signal is
transduced into an ultrasound signal radiated by the copoly-
mer transducer. In another embodiment, the method com-
prises the step of activating the medical device to manipulate
tissue. In yet another embodiment, the method further com-
prises the steps of withdrawing the medical device from the
patient, removing the disposable sheath from the medical
device and disposing of the disposable sheath.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The features and advantages of the present inven-
tion will become more apparent from the detailed descrip-
tion set forth below when taken in conjunction with the
drawings in which like reference characters correspond
throughout and wherein:

[0035] FIG. 1 is a perspective view showing a partially
assembled sheath.

[0036] FIG. 1A is a cross sectional view of the sheath 50
taken along the line 1A-1A of FIG. 1.

[0037] FIG. 1B is a cross section view of the sheath
assembly 30 taken along the line 1B-1B of FIG. 1.

[0038] FIG. 2 is a perspective view showing an alternative
embodiment a partially assembled sheath.

[0039] FIG. 3 is a perspective view showing a sheath
installed on a medical device; and

[0040] FIG. 4 is a perspective view of a configuration in
accordance with the present invention portrayed as a cryo-
surgical probe placed within the prostate of a patient.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0041] The present invention comprises a disposable
sheath and a flexible ultrasound transducer. The sheath is
adapted to be inserted over a medical device for temporary
use in conjunction with the device. In this way, the sheath
can be used to provide ultrasound functionality to an exist-
ing medical device without modification of the device. After
use, the sheath may be disposed of with the device or
removed from the device and disposed of. The sheath is
designed to operate in conjunction with the profile of a
medical device, thereby, reducing any interference of the
sheath with the function of the medical device.
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[0042] 1In order to be mounted on a sheath, the ultrasound
transducer must be flexible to allow for expansion or con-
traction of the sheath assembly to create a snug fit over the
medical device. Ferroelectric ultrasound transducers, such
as those incorporated into prior art ultrasound medical
devices, are neither thin nor flexible and, therefore, are not
suited for incorporation into a flexible sheath. If one
attempted to integrate a ferroelectric ultrasound transducer
into a flexible sheath design, the ferroelectric ultrasound
transducer would likely break when the sheath was stretched
or shrunk to fit snuggly over the medical device.

[0043] The present invention incorporates a copolymer
material with piezoelectric properties such as polyvi-
nylidene difluoride (PVDF), polyvinyl difluoride (PVF), or
copolymers of vinylidene fluoride to act as an ultrasound
transducer. In order to function properly, the copolymer
transducer must be held firmly against a rigid structure in a
snug configuration. The sheath design can accommodate this
need by holding the copolymer transducer snug against the
medical device. In addition, a snug fit between the sheath
and the medical device can act as a means of attachment of
the sheath to the medical device. The snug fit also can serve
to minimize the interference of the sheath with the intended
purpose of the medical device.

[0044] When subjected to electric signals, the ultrasound
transducer material actually moves as its thickness grows
and shrinks. A snug fit between the sheath a the medical
device provides the ultrasound transducer a rigid backing.
When held firmly against a rigid backing, the ultrasound
transducer is constrained to deflect in an outward radial
direction. and, therefore, to direct the ultrasound signals out
in a radial direction.

[0045] Typically, the sheath is formed into a cylindrical or
other shape that fits onto a variety of medical devices of
varying shapes and sizes. In one embodiment, the sheath
body is formed from nonconductive elastic materials that
stretch when placed in tension such as polymers, plastics,
rubbers, mylars, or some other suitable ¢lastic material. In
such a case, the sheath is designed to be slightly smaller than
the medical device with which it is used. For example, the
finished sheath may be about 10% smaller than the medical
device on which it is installed. As the sheath stretches to
cover the medical device, a snug fit between the sheath and
the medical device is created.

[0046] Alternatively, the sheath body may be constructed
of a material that shrinks when exposed to some external
effect. For example, the sheath body may be constructed of
shrink tube such as polytetrafluoroethylene (PTFE) which
shrinks when exposed to heat. In such a case, the sheath
body is made larger than the medical device with which it is
used. Once the sheath has been positioned on the medical
device, the sheath is exposed to heat to form a snug fit with
the device.

[0047] After use, the sheath may be removed from the
medical device and discarded. The medical device may then
be reused—either in conjunction with another sheath or
alone. The sheath may also be used in conjunction with a
disposable medical device, where both the sheath and device
are disposed of at the end of the procedure.

[0048] A system of electrical circuitry is used to receive,
interpret, and transmit electrical signals generated by the
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copolymer transducer on the sheath. The system may be
external, internal, or a combination of both external and
internal to the sheath. For example, in one embodiment,
external electrical circuitry comprises a signal recovery and
production unit. The signal recovery and production unit
receives the output electric signal generated by the copoly-
mer transducer when exposed to ultrasound energy pulses.
The signal recovery and production unit analyzes the output
electric signal from the copolymer transducer and produces
a corresponding response input electric signal to the copoly-
mer transducer such as in accordance with U.S. Pat. No.
5,672,172. The copolymer transducer coverts the input elec-
tric signal to an ultrasound signal which may be detected by
an ultrasound scanner. The signal recovery and production
unit may also be used to analyze the output electric signal in
order to determined an extent of tissue manipulation such as
in accordance with co-pending U.S. patent application Ser.
No. 08/982,753.

[0049] Copolymer materials with ultrasound transducing
properties are commercially available from a number of
vendors. These devices are often marketed as pressure or
motion sensors. For example, copolymer materials may be
used to sense the presence of road traffic in order to trigger
traffic indications. AMP Incorporated, Piezo Film Sensor
Division, of Valley Forge, Pa., USA markets a number of
copolymer transducers such as the 28 um (AMP part #
1-1003703-4),52 um (AMP part # 2-1003703-4), or 110 um
(AMP part # 3-1003702-4) metalized piezo film sheets. In
one embodiment, the copolymer transducer outputs approxi-
mately 1 mW of acoustic power when driven by a 10 V
peat-to-peak square wave over a frequency range of 2 to 9
MHz.

[0050] Ultrasound transducers made from copolymer
materials have a number of desirable characteristics in
contrast to other piezoelectric transducer materials such as
quartz or ceramic devices. For example, the copolymer
materials can be deposited on a surface in varying thickness
which allows the characteristics of the resulting ultrasound
transducer to also vary. Preprinted, commercially available
copolymer transducers range in thickness from 28 to 110
micrometers (um) and are available from a number of
companies.

[0051] Ultrasound transducers made from copolymer
materials act as transducers over a relatively wide band-
width. For example, ultrasound transducers made from
copolymer materials can be designed to have a nearly flat
response to ultrasound over the range of 1-10 MHz. Typi-
cally, ceramic and quartz transducers operate over a much
more narrow bandwidth. Broadband performance is advan-
tageous because the transducer can operate to detect a wide
range of signals and, therefore, is compatible for use in
conjunction with a large range of devices.

[0052] Copolymer transducers also have a high acoustical
transparency in liquid media.

[0053] This transparency is created by the similarity in the
acoustic impedance between copolymer transducers and
liquid media and the small thickness of the transducers in
relation to the wavelengths involved. For example, water has
an acoustic impedance of 1.48x10° kg/sec-m” compared to
the acoustic impedance of a copolymer transducer at 2.5x
10° kg/sec-m?, ceramic at 30x10° kg/sec-m?, and quariz
piezoelectric at 14.3x10° kg/sec-m”. The similarity of acous-
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tic impedance between copolymer transducers and liquid
media, such as water, blood, or tissue, means a smaller
portion of the energy from an incident wave from an
ultrasound source is reflected by the interface between the
copolymer transducer and the liquid media. In contrast, a
significant portion of incident acoustic energy is reflected by
the interface between ceramic or quartz piezoelectric trans-
ducers and a liquid media, thus, decreasing the energy of the
signal passing into the liquid media.

[0054] A copolymer transducer is also more compliant
than ceramic or quartz piezoelectric transducers. For
example, a copolymer transducer has a stiffness of 2 Newton
per meter squared (N/m?) compared to approximately 80
N/m for ceramic or quartz piezoelectric transducers. The
compliant nature of the copolymer transducer is crucial to
the ability of the ultrasound transducer to be integrated with
a flexible sheath. In addition, copolymer transducers are
considerably less expensive to manufacture than quartz or
ceramic transducers making them much more suitable for
disposable applications.

[0055] The electrical impedance of copolymer transducers
can be extremely high. The impedance of a copolymer
transducer increases as the thickness and surface area of the
transducer increase. A typical copolymer transducer used in
association with the invention has an electrical impedance of
about 1-5 Megohms (MQ).

[0056] FIG. 1 is a perspective view showing a partially
assembled sheath 50. As seen in FIG. 1, the partially
assembled sheath 50 is a flat sheet of material having two
opposing edges which are sealed together lengthwise to
create a cylindrical configuration. The sheath 50 is intended
to be assembled by attaching an adhesive strip 58 to the
opposing edge of the sheath body 52. The adhesive may be
epoxy or other bonding agent. Alternatively, the opposing
edges may adhere to one another by melting together. In
addition to adhesives, any number of mechanisms can be
used to form a cylindrical shape. For example, the sheath
may be constructed from a continuous condom like structure
which assumes a cylindrical shape without the use of
adhesives.

[0057] 1In the configuration shown in FIG. 1, a copolymer
transducer 64 is deposited or otherwise attached to the
sheath body 52. The copolymer transducer 64 may be large
enough to form a cylindrical band around the sheath 50
when the sheath 50 is assembled. In one embodiment, the
copolymer transducer 64 may be approximately 1 to 10
millimeters in width and 25 to 150 micrometers thick. The
copolymer transducer 64 is bonded to a signal conductor 54
using, for example, a conductive epoxy, creating an electri-
cal connection between the inner surface of the copolymer
transducer 64 and the signal conductor 54. When assembled,
the signal conductor 54 is on the interior surface of the
cylindrical shape sheath. Although other configurations are
possible, in the configuration shown in FIG. 1, the copoly-
mer transducer 64 is mounted at the distal end of the sheath
body 52 and the signal conductor 54 runs the length of the
sheath body 52 to a terminal connector 60 at the proximal
end of the sheath body 52. The signal conductor 54 may be
coated so as to be electrically isolated from anything coming
in direct contact with the sheath 50.

[0058] As noted above, the copolymer transducer 64 is
both broadband and high impedance. For this reason, the

Nov. 29, 2001

signal conductor 54 is particularly susceptible to noise
induced from external electric and magnetic fields. The
undesired signals can emanate from other electrical devices
in the room such as other medical, mechanical and commu-
nication devices. For example, local communication net-
works such intercoms, cellular telephones, and CB radios
may transmit signals or produce spurs within the wide
bandwidth supported by the sheath 50.

[0059] The embodiment shown in FIG. 1 has been
designed to reduce such undesired signal ingress by shield-
ing the signal conductor 54 between a ground conductor 62
and the medical device. The ground conductor 62 is shown
as printed or otherwise attached to the outer surface of the
sheath body 52 but insulated from the signal conductor 54.
In one embodiment, the ground conductor 62 is wider in
width than the signal conductor 54 and the ground conductor
62 covers the signal conductor 54 in the assembled configu-
ration. In one embodiment, either or both of the signal
conductor 54 and ground conductor 62 may utilize flexible
circuit technology employing polyimide film such as KAP-
TON® marketed by DuPont High Performance Films, Cir-
cleville, Ohio. The ground conductor 62, as shown in FIG.
1, is wider than the signal conductor 54, thus, allowing
grounding brushes 56, through holes in the sheath body 52,
to electrically connect the ground conductor 62 to the
luminal surface of the assembled sheath without contacting
the signal conductor 54. When the sheath 50 is installed on
a medical device, the grounding brushes 56 make electrical
contact with the surface of the device. If the device surface
is electrically conductive, the grounding brushes 56 ground
the device to a common potential with the sheath 50 and
connected control devices. In this way, the signal conductor
54 is shielded from external electric and magnetic fields. In
alternative embodiment, the ground conductor 62 encircles
the assembled sheath.

[0060] FIG. 1A is a cross sectional view of the sheath 50
taken along the line 1A-1A as shown in FIG. 1. The sheath
body 52 is bonded to an insulating layer 66, such as formed
from KAPTON polyimide film. In an alternative embodi-
ment, the sheath body 52 and the insulating layer 66 are
fabricated from a common nonconductive material. The
signal conductor 54 is deposited over the insulating layer 66
forming the interior electrode of the copolymer transducer
64 and an electrical lead connecting the electrode to the
terminal connector 60. The signal conductor 54 is made of
an electrically conductive material such as copper, silver, or
other suitable material. A second insulating layer 66' is
bonded over the lead portion of the signal connector 54. The
copolymer transducer 64 is deposited on the electrode
portion of the signal conductor 54. The ground conductor 62
is deposited over the insulating layer 66' and copolymer
transducer 64, forming the exterior electrode of the trans-
ducer and an electrical lead connecting the electrode to the
terminal connector 60. In one embodiment, the ground
conductor 62 is made of similar materials as the signal
conductor 54. A final insulating layer 66" is bonded to the
ground conductor 62.

[0061] FIG. 1B is a cross section view of the sheath
assembly 50 taken along the line 1B-1B of FIG. 1. FIG. 1B
shows the grounding brushes 56 passing through the sheath
body 52. The ground conductor 62 is deposited on the
insulating layer 66' in a manner which extends beyond the
borders of the lead portion of the signal conductor 54, thus,
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allowing the grounding brushes 56 to pass through to the
interior surface of the sheath body 52 through openings in
the sheath body 52 and other intervening layers.

[0062] The exposed surface of the grounding brushes 56
connects the ground conductor 62 to the surface of the
device when the sheath body 52 is installed on a device.

[0063] The actual diameter of the assembled sheath 50 can
vary in proportion to the medical device with which it is
used. The size should be appropriate to assure a snug fit
between the transducer and the rigid medical device to
which it is attached in order to assure the proper operation
of the transducer.

[0064] The sheath may be designed to facilitate the con-
tinued performance of the medical device for its intended
purpose. For example, a sheath for use with a suction device
may be designed with an opening at the distal end. A sheath
for use with a cryosurgical device may have openings within
the sheath body in order to facilitate the conduction of heat
energy between the medical device and the tissue it is
treating. In addition, an opening at the distal end of the
sheath may facilitate creating a snug fit between the sheath
and the medical device. A distal opening allows the sheath
to be installed at any position along the length of the device
that creates a snug fit between the device and the sheath.

[0065] A single sheath may comprise more than one
copolymer transducer. The second copolymer transducer
may be useful for more precise replacement of the medical
device if it should shift during a procedure. The second
copolymer transducer may also be used to detect a level of
manipulation at a second point or to detect a relative level of
manipulation at a second point. Additional information
concerning the use and usefulness of a second transducer
can be found in the above mentioned U.S. patent application
Ser. No. 08/982,753.

[0066] FIG. 2 is a perspective view of an embodiment of
a partially assembled sheath 50' for use in cryosurgical
procedures. The sheath 50° comprises a first and a second
copolymer transducers 64' and 64". The signal conductor 54'
and the signal conductor 54" conduct electric signals to and
from the first and second copolymer transducers 64' and 64"
respectfully. A common ground conductor 62' serves to
ground both the first and second copolymer transducers 64'
and 64". The first and second copolymer transducers 64' and
64" may be used to detect an ultrasound pulse from an
ultrasound scanner. The first and second copolymer trans-
ducers 64' and 64" may also be used to convert an electrical
signal into an ultrasound signal for detection by an ultra-
sound scanner in order to aid in visualization of the medical
device. The first and second copolymer transducers 64' and
64" may also be used to detect a change in the signal level
of ultrasound pulses detected during the tissue manipulation
process in order to determine a level of tissue manipulation.

[0067] The first and second copolymer transducers 64' and
64" may be located on opposite ends of a region of the
sheath 50" which covers the freezing region of a cryosurgical
medical device when installed thereon. In order to lessen the
degree of thermal isolation induced by the sheath 50, the
sheath can include several openings 68 which allow tissue to
come in direct contact with the freezing region of the
medical device.

[0068] FIG. 3 is a perspective view showing the sheath 50
installed on a biopsy needle. In FIG. 3, the copolymer
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transducer 64 is installed in proximity to the distal end of the
medical device 70. The ground conductor 62 runs down the
length of the sheath 50. The signal conductor 54 is covered
by the ground conductor 62 along the length of the sheath 50
except at the terminal connector 60. As noted above, the
copolymer transducer 64 has a relatively high electrical
impedance. The control unit connected to the sheath 50 is
likely to have a much lower impedance such as on the order
of 10 to 50 kQ. In addition, the control unit is likely to be
located some distance away from the medical device 70 at
a comfortable viewing distance for the operator. The sheath
50 is coupled to the control unit by a length of shielded
cable, twisted pair or other type of cable 74. The mismatch
of impedance between the copolymer transducer 64 and the
control unit make measurement of signals from the copoly-
mer transducer by the control unit difficult or impossible.
This problem is mitigated by employing a transformer in
close proximity to the copolymer transducer 64.

[0069] In the embodiment of FIG. 3, a transformer 72 is
attached to the signal conductor 54 and the ground conduc-
tor 62 on the terminal connector 60. The transformer 72
transforms the high impedance of the copolymer transducer
64 to a lower impedance to improve the match (and, hence,
increase the power transferred) to the control unit. The
transformer 72 also increases immunity to unwanted noise
ingress along the length of the cable 74. In the preferred
embodiment, the transformer 72 is located as close as
possible to the copolymer transducer 64 in order to further
reduce the susceptibility to unwanted ingress signals. How-
ever, the advantageous of proximity to the copolymer trans-
ducer 64 must be balanced against any interference with the
function of the medical device 70 that might be caused
thereby. For example, incorporation of a transformer adja-
cent to the copolymer transducer 64 may cause a bulge in the
sheath and interfere with placement and removal of the
device. In one embodiment, the transformer 72 is a toroid.
Toroids exhibit some immunity to ingress magnetic signals
as well as a broadband frequency performance. If the
frequency of operation of the ultrasound source is identified,
the frequency performance of the transformer may be band
limited to provide rejection of unwanted signals.

[0070] In an alternative embodiment, the transformer 72 is
integrated into a connector 76 which attaches the cable 74 to
the terminal connector 60. In this way, the transformer 72
can be reused with another sheath 50, thus, reducing the cost
of the sheath 50. In yet another embodiment, the transformer
72 is fixed to the sheath 50 or is an independent element
which may be inserted into the configuration when neces-
sary.

[0071] 1Inoneembodiment, the sheath comprises markings
which facilitate placement of the medical device. For
example, the sheath can be marked with centimeter mark-
ings which can be used by the operator to monitor the depth
to which the device has been inserted into the patient.

EXAMPLE ENVIRONMENTS IN WHICH THE
INVENTION MAY OPERATE

[0072] An ultrasound transducer according to the inven-
tion may be incorporated with a medical device comprising
a brachytherapy needle for treating prostate cancer. Brachy-
therapy is a method of treating cancer by implanting seeds
of radioactive material, typically iodine-125 or pallidium-
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103, into the cancerous tissue. The dose of radiation deliv-
ered by a seed is dependent on the nature, half-life, and
quantity of seed material. Choice of the seed material and
the placement locations determine the extent of the destruc-
tion of cancerous prostate tissue and, thus, are critical in the
treatment of prostate cancer. A common method for calcu-
lating the total radiation delivered to the prostate is to
calculate the radiation required to affect an elliptical volume
of tissue. By matching this calculation to the measured
volume of the prostate, a total dose of radiation delivered to
a patient may be determined described in terms of the
matched peripheral dose (MPD). However, the MPD does
not account for position or geometry of seed placement.
Thus, the success of a procedure with the correct MPD may
vary significantly depending on the placement of the seeds.
More recent advances employ the use of computer calcula-
tion of dose rates based on three dimensional models of the
prostate generated by computerized tomography (CT), MRI,
or ultrasound images. However, successful outcome of these
newer methods is still dependent of the proper positioning of
the seeds in the prostate. In his paper entitled “Brachy-
therapy in Cancer of the Prostate: An Historical Perspective”
published in Volume 13 of Seminars in Surgical Oncology,
Dr. Basil S. Hilaris states “[t]he distribution of the radioac-
tive sources 1n the target volume may be critical because the
radiation dose diminishes rapidly within a short distance
from each source. Precise localization of radioactive sources
is thus of paramount importance in brachytherapy.”

[0073] The brachytherapy procedure begins by mapping
the boundaries of the target tissue and the most probable
locations of the cancer within the tissue. A typical method of
visualizing the tissue in a minimally invasive manner is
ultrasound imaging, thus, making brachytherapy a likely
candidate for integration with the invention. Using prostate
cancer as an example, multiple transrectal ultrasound
(TRUS) images and needle biopsy samples are used to map
the boundary of the prostate and the location of the lesions
within the organ. The map is used to create a three dimen-
sional grid structure as a guide for the placement of the seeds
in order to achieve the desired level of destruction. This map
may be generated days or weeks before the actual placement
of the radiation seeds. When the map is actually used to
place the seeds, it may no longer reflect the actual condition
of the prostate due to biological changes such as swelling. In
addition, the surgical measurements may vary compared to
the mapped predictions due to changes in the calibration and
positioning of equipment used in each procedure. Using the
present inventions, the number of variables which can cause
errors can be reduced by generating a real time image of the
prostate.

[0074] Placement of the radiation sceds, such as Todine-
125 marketed by North American Scientific, North Holly-
wood, Calif., USA or Palladium-103 marketed by Theragen-
ics, Norcross, Ga., USA, is typically accomplished using
16-18 gauge biopsy-like needles, such a those marketed
Cook Inc., Bloomington, Ind., by placed through a stepping
and stabilizing system consisting a plate with multiple holes
as needle guides such as those marketed by Amertek Medi-
cal, Inc., Singer Island, Fla. or B&K Ultrasound Systems,
Copenhagen, Denmark. Typically patients receiving iodine-
125 require 80-100 seeds at 0.35 milliCuries (mCi) per seed
up to an total absorbed dose of 140-160 gray (Gy). The
present invention, when placed over a delivery needle, gives
a clear indication of the location of the needle in the display

Nov. 29, 2001

of the imaging system. This image can be compared to the
map of the planned seed delivery locations to aid in the
placement of the seeds. In addition, the transducer may be
coupled with a device that records the actual placement
location of the seeds within the prostate. This record can be
used to identify differences between the planned placement
and the actual placement of the seeds that may affect the
outcome of the procedure. In order to be adapted to operate
in conjunction with a brachytherapy needle, the copolymer
transducer should be placed as close as possible to the tip of
the device where the seed is released. In addition, the sheath
body should be constructed to avoid blocking the passage-
way of the needle which delivers the seed. For example, the
sheath body may comprise an opening in the distal end so as
not to obstruct seed delivery from the distal end of the
brachytherapy needle.

[0075] In addition, the invention may be incorporated with
a biopsy needle or probe used to detect breast tumors.
Detection of breast cancer often begins by the palpation of
suspicious lumps in the breast. These lumps can be tiny
abnormalities called microcalcifications that can be the
earliest or only sign of cancer. An accurate diagnosis of
breast cancer can only be made by removing and performing
a histological examination of the tissue. Procedures for
removal of breast tissue or breast biopsy include core needle
procedures and as well as more advanced procedures which
use advanced probes rather than needles, such as the Mam-
motone Breast Biopsy System.

[0076] The core needle procedure is a nonsurgical process
involving the removal of tissue through a needle. In the prior
art, needle biopsy involved the stereotatic placement of a
spring loaded needle within suspicious areas in the breast by
using X-rays taken from two different angles. A single core
sample is removed at each needle placement. A typical
procedure requires 10 to 20 core samples from different
placements. Thus, the procedure requires extended exposure
to ionizing X-rays as well as the use of a cumbersome and
expensive X-ray machine.

[0077] Placement of the needle and subsequent removal of
tissue at the correct location within the breast is a critical
step in the procedure. The present invention, when placed
over the needle, may be used in conjunction with an ultra-
sound scanner, a non-ionizing imaging modality, to clearly
identify the location of the needle tip. In addition, the
transducer may be coupled with a device that records the
actual placement of the needle, aiding in any follow up
procedure which may be required. In order to be adapted to
operate in conjunction with a breast biopsy needle, the
copolymer transducer should be placed as close as possible
to the tip the device where the tissue sample is extracted. In
addition, the sheath body should be constructed to avoid
blocking the passageway of the needle. For example, the
sheath body may comprise an opening in the distal end so as
not to obstruct tissue extraction through the distal end of the
needle.

[0078] More advanced probes have been developed to
execute nonsurgical procedures involving the removal of
breast tissue, such as the Mammotome Breast Biopsy Sys-
tem developed by Biopsys Medical, Inc., Irvine Calif. The
advanced probe is inserted through a tiny skin incision in the
patient’s breast. This suture-less, minimally-invasive inci-
sion minimizes the possibility of scarring or breast disfig-
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urement. Tissue is drawn into the probe via a vacuum system
and a high speed, rotating cutting edge advances to cut and
remove the tissue. While the probe is slightly larger in
diameter than the needle used in needle biopsies, the probe
is able to retrieve several samples without being removed
and placed in a different location in the breast. By rotating
the aperture in vivo or repositioning the probe, multiple
samples can be cut and collected with a single probe
insertion. The samples retrieved by the probe are also larger
than those retrieved by needles. In the prior art, such
advanced probe procedures typically involve the stereotatic
placement of probe using X-rays taken from two different
angles. Thus, the procedure requires extended exposure to
ionizing X-rays as well as the use of a cumbersome and
expensive X-ray machine.

[0079] Placement of the probe and removal of tissue at the
proper location within the breast is a critical step in the
procedure. The present invention, when placed over the
advanced probe, may be used in conjunction with an ultra-
sound scanner, a non-ionizing imaging modality, to clearly
identify the location of the tissue dissection portion of the
probe. In addition, the transducer may be coupled with a
device that records the actual placement of the probe, aiding
in any follow up procedure which may be required. In order
to be adapted to operate in conjunction with an advanced
probe, the copolymer transducer should be placed as close as
possible to the point on the probe where the tissue samples
are extracted. In addition, the sheath body should be con-
structed to avoid blocking the passageway of the probe. In
an alternative embodiment, an ultrasound transducer may be
integrated with the advanced probe rather than attached to
the advanced probe by a sheath.

[0080] When used in conjunction with either a needle or a
probe, placing the present invention over the needle or probe
enhances the visibility of the probe on an ultrasound imag-
ing system. The invention allows not only for the clear
identification of the device within the breast, but the exact
location of a specific area on the device. This ability to
position the needle or probe in a location that allows the
suspected tissue to be removed for examination is critical to
obtaining a proper diagnosis of breast cancer.

[0081] The invention can also be incorporated into a
cryosurgical probe used for ablation of carcinoma. Cryosur-
gery is a method for ablating tissue by removing heat energy
causing tissue to freeze. The successful outcome of such a
procedure depends greatly on the positioning the probe in a
proper location so that the prostate tissue is destroyed but the
surrounding organs and tissue is preserved. Cryosurgical
probes are placed in a tissue mass using a minimally
invasive visualization technique, such as ultrasound imag-
ing. Ultrasonic visualization may be used to guide a probe
into a tissue mass and to monitor the extent of tissue
manipulation inflicted by the probe. As an example, cryo-
surgery is used to ablate the prostate as a treatment for
prostate cancer. The procedure begins by visualizing the
prostate with TRUS as shown below in FIG. 4. One or more
cryosurgical probes is placed in the prostate through the
perineum.

[0082] Although ultrasound provides a minimally invasive
method to visualize the cryoprobes in the prostate, the
limitations of ultrasound imaging make it difficult to pre-
cisely determine the exact location of the unaided probes in
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the tissue. The present invention, when placed over the
cryoprobe, can be used to create an easily recognizable
marker that clearly identifies the position of the cryoprobe in
the prostate, even under conditions of high acoustical impe-
dence. Information concerning enhanced positioning
through the use of an ultrasound transducer which is
attached to a medical device can be found in U.S. Pat. No.
5,672,172 which is assigned to the assignee of the present
invention and which is incorporated in its entirety herein by
this reference. Briefly, the patent describes disposing an
ultrasonic transducer on a medical device. The device is
exposed to an incident ultrasound signal from an ultrasound
scanner. The transducer generates a corresponding electric
signal and passes it to external circuitry. The external
circuitry generates a responsive electric signal and couples
it to the ultrasound transducer. The ultrasound transducer
transduces the electrical signal into a response ultrasound
signal. The responsive ultrasound signal is detected by the
ultrasound scanner and creates an image in the display of the
ultrasound imaging system, clearly identifying the location
of the medical device. In one embodiment, the medical
device comprises a manipulator for manipulating tissue
within a zone of manipulation and the transducer is disposed
within the zone of manipulation. The ultrasound transducer
responds to receipt of an incident radiated signal by gen-
eration of a responsive radiated signal while said manipu-
lator manipulates the issued within said zone of manipula-
tion. In addition, the external circuitry may receive a timing
signal from the scanner. The external circuitry may generate
a responsive electric signal which is transduced by the
transducer to create a responsive ultrasound signal even
when a level of the incident ultrasound signal falls below a
detectable level based upon receipt of the timing signal.

[0083] In one embodiment, a sheath comprises a copoly-
mer transducer according to the present invention is dis-
posed on a medical device and exposed to an incident
ultrasound signal from an ultrasound scanner. The copoly-
mer transducer generates a corresponding electric signal and
passes it to external circuitry. The external circuitry gener-
ates a responsive electric signal. The ultrasound transducer
transduces the electrical energy into a response ultrasound
energy. The responsive ultrasound signal is detected by the
ultrasound scanner and creates an image in the display of the
ultrasound imaging system, clearly identifying the location
of the medical device.

[0084] The ultrasound transducer can also be used to aid
the process of determining the extent of tissue manipulation
based upon the signal level received by the ultrasound
transducer, such as is disclosed in co-pending U.S. patent
application Ser. No. 08/982,753 assigned to the assignee
hereof and incorporated in its entirety herein by this refer-
ence. Briefly, after insertion of the medical device within the
patient, the level at which the ultrasound transducer receives
the radiated signal is initially determined. As the tissue is
manipulated, the signal level indication detected by the
ultrasound transducer begins to change. Based upon the
changes in the signal level indication and the image, the
extent of tissue destruction can be determined.

[0085] 1In one such embodiment, the invention is installed
on a cryoprobe used in cryosurgery. As noted above, cryo-
surgery involves the freezing of diseased tissue. Cryosurgery
has been used for decades with limited success to destroy
diseased tissue throughout the body. Heating or freezing
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tissue affects the tissue’s acoustic properties. The effect is
caused by changes in the transmission of ultrasound signals
through the tissue as a result of the change in density of
water within the tissue. Although small, the change in
density of water as a function of temperature is well docu-
mented. As an example, the density of water at 38 degrees
Celsius is 0.99299 gm/ml and at 70 degrees Celsius is
0.97781 gm/ml. In the case of freezing, the density of ice is
0.9170 gm/ml. These density changes affect the attenuation
of the ultrasound signal transmitted between the imaging
system scanner and the probe transducer during the manipu-
lation process.

[0086] An example of the application of cryosurgery in a
minimally invasive manner is the destruction of diseased
prostatic tissue using small diameter cryoprobes placed
through the skin into the prostate. Ultrasound imaging
allows the surgeon to view the prostatic margins, bladder,
urethra, and rectum. Using these organs as “landmarks,” the
surgeon positions the cryoprobe within the prostate to opti-
mally destroy the discased tissue.

[0087] After positioning the cryoprobe within the desired
tissue mass, the liquid nitrogen begins to flow to the cryo-
probe. Tissue begins to freeze around the tip of the cryo-
probe. As the flow of liquid nitrogen continues, thermal
energy is removed from an expanding area of tissue sur-
rounding the tip of the cryoprobe. The temperature of tissue
manipulated by the cryoprobe is lowest at the tip and
increases outwardly to the boundary between manipulated
and unaffected tissue at normal body temperature. It is
generally accepted that tissue destruction occurs at tempera-
tures below minus 60 degrees Celsius, although such factors
as the speed of freezing and thawing of the tissue and the
water content of the tissue affect the temperature at which
tissue destruction occurs.

[0088] The ultrasound transducer placed on the cryoprobe
also provides the surgeon with a method for judging the
extent of the manipulation by the cryoprobe. Within the
region of manipulated tissue is a boundary where tissue
temperatures fall below 0 degrees Celsius. This area of
frozen tissue is described as the “iceball.” The boundary of
the iceball is echogenic as a result of the difference in
density between frozen and unfrozen tissue. As thermal
energy is removed from the tissue and the iceball grows, the
boundary appears as an expanding arc in the display of an
ultrasound imaging system. Monitoring the growth and
position of the arc gives the surgeon an indication of the
extent of the manipulation of the tissue by the cryoprobe.
However, as noted above, the actual destruction of tissue
does not occur until the tissue reaches approximately minus
60 degrees Celsius. Therefore, the echogenic boundary is
not directly indicative of the extent of tissue destruction. In
addition, signals from the ultrasound imaging system are
almost completely reflected at the echogenic boundary of the
iceball, blocking the surgeons field of view of the tissue
within the iceball.

[0089] The task of the surgeon is to destroy diseased tissue
while leaving intact as much of the healthy surrounding
tissue as possible. If the surgeon destroys healthy tissue, he
may prolong the recovery of the patient as well as increase
undesired side effects of the process. If the surgeon leaves a
portion of the diseased tissue intact, the diseased tissue may
continue to spread, thus, increasing the probability of sub-
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jecting the patient to a subsequent surgical procedure. There-
fore, it is extremely important that the surgeon have an
accurate indication of the degree of destruction of the
diseased tissue. However, as noted above, the image of the
iceball does not provide the surgeon with a definitive indi-
cation of the extent of tissue destruction. If the surgeon
attempts to use the image of the iceball to estimate the
destruction of tissue, he is likely to either destroy a signifi-
cant amount of healthy tissue or to leave intact a portion of
the diseased tissue.

[0090] An alternative to the above description of a
manipulation process employing cryosurgery is a manipu-
lative process involving heating of tissue. In such a case, the
manipulation tool is not a cryoprobe, but rather a probe to
deliver microwave, RF, or other energy form that heats
tissue. Such devices are commercially available and are
presently used to ablate tissue of the prostate and
endometrium. Heating tissue causes cell destruction leading
to necrosis of tissue within a thermal zone surrounding the
heating component. Just as in cryosurgery, monitoring of the
affected zone is critical during the heating process to ensure
destruction of all diseased tissue and the preservation of
healthy surrounding tissue.

[0091] Referring now to FIG. 4, the present invention is
shown in an exemplary application in which prostate tissue
is thermally destroyed using a medical device which
manipulates tissue. Before a thermal manipulation probe 16
is inserted into the body, the disposable sheath 50 is installed
over a shaft 24 of the probe 16. The sheath 50 is chosen such
that a snug fit to the shaft 24 is created. For example, in FIG.
4 we may assume that the sheath 50 is about 10% smaller in
diameter than the shaft 24 and that it is stretched to cover the
shaft 24. A snug fit between the sheath 50 and the shaft 24
serves to hold the copolymer transducer 64 firmly against
the rigid shaft 24. The sheath 50 is chosen to reduce any
impedance to the function of the probe 16. For example, the
sheath 50 may have openings which facilitate the flow of
thermal energy between the tissue and the probe 16. In
addition, the sheath 50 is chosen such that the copolymer
transducer 64 is located in close proximity to the area of
tissue which is affected when the probe 16 is activated. In
this case, the copolymer transducer 64 is collocated with the
freezing chamber of the probe 16. The sheath 50 is coupled
to the cable 74 to provide a connection to a signal recovery
and production unit 30.

[0092] The prostate 10 is located at the neck of the bladder
12 as it forms the urethra 14. An ultrasound scanner 20 is
placed in the rectum 22 and positioned such that an image
of the prostate 10 may be displayed on an attached imaging
system 40. The scanner 20 creates the image of the prostate
10 by transmitting ultrasound signals 34 and receiving
reflections of these signals. The radiated signals 34 are
reflected back to the scanner 20 from acoustic interfaces
within the field of view of the scanner 20 and are used to
create an image which is displayed on the imaging system
40. The copolymer transducer 64 receives the ultrasound
signals 34 and creates a corresponding electric signal which
is passed to the signal recovery and production unit 30. The
signal recovery and production unit 30 responds by creating
an electric signal that is passed to the copolymer transducer
64. The copolymer transducer 64 converts this electric signal
to an ultrasound signal that is received by the scanner 20,
creating a corresponding visual indication on the display of
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the imaging system 40. Using the image displayed on the
imaging system 40, the thermal manipulation probe 16 is
inserted into the body and placed such that the tip 18 of the
probe 16 is located in a desired position within the prostate
10. The probe 16 may be properly placed in accordance with
teachings in U.S. Pat. No. 5,672,172, incorporated herein
above.

[0093] At the tip 18 of the probe 16 is a chamber into
which a refrigerant fluid, typically liquid nitrogen or com-
pressed gas, is pumped. The refrigerant is supplied to the
probe 16 from a probe controller (not shown) through a
refrigerant connector 28. The probe controller enables an
operator to control the flow of refrigerant to the tip 18 and,
hence, the freezing effect of the probe 16. When the device
is activated, the refrigerant enters the chamber causing a
reduction in temperature of the tip 18 of the probe 16. As the
freezing process begins, a zone of frozen tissue expands
outward from the tip 18.

[0094] During manipulation, the signal recovery and pro-
duction unit 30 continues to receive electric signals from the
copolymer transducer 64 as a result of ultrasound signals 34
received from the scanner 20. In one embodiment, the signal
recovery and production unit 30 monitors the value of these
electric signals over time to determine an extent of tissue
manipulation. For example, the signal recovery and produc-
tion unit 30 accumulates a set of values of the electric signal
over time in order to determine a predicted measure of
manipulation induced by the medical device. The signal
recovery and production unit 30 may output a signal to the
imaging system 40 so that the predicted extent of tissue
manipulation may be displayed on the monitor of the
imaging system 40 along with an image derived from signals
generated by the scanner 20 as explained in U.S. patent
application 08/982,753.

[0095] When the desired level of manipulation is
achieved, the probe 16 is deactivated to halt the freezing
process. The probe 16 is subsequently withdrawn from the
patient. The sheath 50 may be disconnected from the cable
74, removed from the shaft 24 and disposed of.

[0096] A myriad of alternative embodiments will be
readily apparent to one skilled in the art. For example, the
ultrasound transducer may be useful for other purposes than
the ones described above, such as in conjunction with
laparoscopes, trocars, endoscopes, cystoscopes, or other
devices designed for insertion into the body with sufficient
rigidity to provide an adequate support structure.

[0097] The invention may be embodied in other specific
forms without departing from its spirit or essential charac-
teristics. The described embodiment is to be considered in
all respects only as illustrative and not restrictive and the
scope of the invention is, therefore, indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed is:
1. An ultrasound transducer comprising:

a sheath body constructed from a nonconductive material,
said sheath body configured to be installed snugly over
a medical device;
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a piezoelectric copolymer transducer held snugly to said
medical device by said sheath body when said ultra-
sound transducer is installed over said medical device,
said piezoelectric copolymer transducer for transducing
incident ultrasound signals into corresponding electric
signals;

a ground conductor coupled to a first surface of said
piezoelectric copolymer transducer; and

a signal conductor coupled to a second surface of said
piezoelectric copolymer transducer for conducting said
corresponding electric signals to a proximal end of said
medical device.

2. The ultrasound transducer of claim 1, wherein said
medical device comprises a manipulator for manipulating
tissue within a zone of manipulation and wherein said
piezoelectric copolymer transducer is disposed within said
zone of manipulation and responds to receipt of an incident
radiated signal by generation of a responsive radiated signal
while said manipulator manipulates the tissue within said
zone of manipulation.

3. The ultrasound transducer of claim 2, further compris-
ing electronics coupled to said piezoelectric copolymer
transducer, said electronics receiving a timing input from a
scanner so that when a signal level of said incident radiated
signal falls below a level at which said ultrasound transducer
can detect said incident signal, said piezoelectric copolymer
transducer generates a timed radiated signal based upon said
timing signal.

4. The ultrasound transducer of claim 1, wherein said
piezoelectric copolymer transducer is further for transducing
input electric signals conducted by said signal conductor
into ultrasound signals radiated by said piezoelectric copoly-
mer transducer.

5. The ultrasound transducer of claim 4, wherein a scanner
produces said incident ultrasound signals and wherein said
scanner detects said ultrasound signals radiated by said
piezoelectric copolymer transducer and produces a corre-
sponding image.

6. The ultrasound transducer of claim 1, wherein said
piezoelectric copolymer transducer is deposited on said
sheath body.

7. The ultrasound transducer of claim 1, wherein said
signal conductor is deposited on said sheath body.

8. The ultrasound transducer of claim 1, wherein said
ground conductor is disposed on said sheath body to cover
said signal conductor when said ultrasound transducer is
installed over said medical device, thereby, operating to
shield said signal conductor from ingress signals.

9. The ultrasound transducer of claim 8, wherein said
ground conductor is wider than said signal conductor.

10. The ultrasound transducer of claim 8, wherein said
ground conductor is directly coupled to said medical device
in order to provide a common ground potential.

11. The ultrasound transducer of claim 1, wherein said
piezoelectric copolymer transducer is disposed on said
sheath body so as to be located at a tip of said medical device
when said ultrasound transducer is installed thereon.

12. The ultrasound transducer of claim 1, wherein said
sheath body comprises openings in order to facilitate per-
formance of an intended purpose of said medical device.

13. The ultrasound transducer of claim 1, further com-
prising a signal recovery and production unit for producing
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a input electric signal on said signal conductor responsive to
said incident ultrasound signal detected by said piezoelectric
copolymer transducer.

14. The ultrasound transducer of claim 1, wherein said
medical device manipulates tissue further comprising a
means for analyzing coupled to said signal conductor
wherein said means for analyzing accumulates a set of
values of said corresponding electric signals over time in
order to determine a predicted measure of manipulation
induced by said medical device.

15. The ultrasound transducer of claim 14, further com-
prising a means for analyzing comprising an imaging system
for displaying an image derived from signals generated by a
scanner and an image of said predicted measure of manipu-
lation.

16. The ultrasound transducer of ¢laim 1, further com-
prising a second piezoelectric copolymer transducer.

17. The ultrasound transducer of claim 1, further com-
prising a transformer coupled to said signal conductor and
transforming an electrical impedance of said piezoelectric
copolymer transducer to a lower value.

18. The ultrasound transducer of claim 17, wherein said
transformer is a toroid.

19. The ultrasound transducer of claim 17, wherein said
transformer is integrated into an electrical connector which
couples said signal conductor to a signal recovery and
production unit.

20. The ultrasound transducer of claim 1, wherein said
piezoelectric copolymer transducer is constructed from
polyvinylidene difluoride (PVDEF).

21. The ultrasound transducer of claim 1, wherein said
piezoelectric copolymer transducer is constructed from
polyvinyl difluoride (PVF).

22. The ultrasound transducer of claim 1, wherein said
piezoelectric copolymer transducer is constructed from
copolymers of vinylidene fluride.

23. The ultrasound transducer of claim 1, wherein said
piezoelectric copolymer transducer is deposited on the
sheath body so as to form a cylindrical band around the
ultrasound transducer.

24, The ultrasound transducer of claim 23, wherein said
cylindrical band is about 1 to 10 millimeters in width.

25. The ultrasound transducer of claim 23, wherein said
cylindrical band is about 25-150 micrometers thick.

26. The ultrasound transducer of claim 1, wherein said
piezoelectric copolymer transducer exhibits a relatively flat
response to said incident ultrasound signals in the range of
1 to 10 Megahertz.

27. The ultrasound transducer of claim 1, wherein said
sheath body is constructed from of a material that shrinks
when exposed to some external effect.

28. The ultrasound transducer of claim 1, wherein said
sheath body is constructed from polytetrafluoroethylene.

29. The ultrasound transducer of claim 1, wherein said
sheath body is constructed from a polymer.

30. The ultrasound transducer of claim 1, wherein said
sheath body is constructed from mylar.

31. The ultrasound transducer of claim 1, wherein said
sheath body is constructed to be about 10% smaller than an
outside diameter of said medical device.

32. The ultrasound transducer of claim 1, wherein said
sheath body is constructed from a flat sheet of material
having two opposing edges sealed together lengthwise.
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33. The ultrasound transducer of claim 1, wherein said
medical device is a biopsy needle.

34. The ultrasound transducer of claim 1, wherein said
medical device is a brachytherapy needle.

35. The ultrasound transducer of claim 1, wherein said
medical device is a breast biopsy probe.

36. The ultrasound transducer of claim 1, wherein said
medical device is a cryoprobe.

37. The ultrasound transducer of claim 1, wherein said
ultrasound transducer is intended for a single use.

38. The ultrasound transducer of claim 1, wherein said
ultrasound transducer operates independently from said
medical device.

39. The ultrasound transducer of claim 1, wherein said
ultrasound transducer is suitable for use with a variety of
different medical devices.

40. A method of performing a medical procedure com-
prising ultrasound functionality comprising the steps of:

installing a disposable sheath comprising a copolymer
transducer over a medical device;

coupling said disposable sheath to a signal recovery and
production unit;

exposing an area of tissue to an incident ultrasound signal;

disposing said medical device within said area of tissue;
and

detecting a corresponding electric signal from said
copolymer transducer at said signal recovery and pro-
duction unit.

41. The method of claim 40, further comprising the step
of responding to receipt of said corresponding electric signal
by generation of a responsive electric signal which is
transduced by said copolymer transducer to create a respon-
sive ultrasound signal.

42. The method of claim 41, further comprising the step
of responding to receipt of a timing signal from a scanner by
generation of said responsive electric signal which is trans-
duced by said copolymer transducer to create said respon-
sive ultrasound signal when a level of said incident ultra-
sound signal falls below a detectable level.

43. The method of claim 40, wherein said medical device
is a biopsy needle.

44. The method of claim 40, wherein said medical device
is a brachytherapy needle.

45. The method of claim 40, wherein said medical device
is a breast biopsy probe.

46. The method of claim 40, wherein said medical device
is a cryoprobe.

47. The method of claim 40, wherein said disposable
sheath is intended for a single use.

48. The method of claim 40, wherein said disposable
sheath comprises a sheath body constructed from polytet-
rafluoroethylene.

49. The method of claim 40, wherein said disposable
sheath comprises a sheath body constructed from a polymer.

50. The method of claim 40, wherein said disposable
sheath comprises a sheath body constructed from mylar.

51. The method of claim 40, wherein said disposable
sheath comprises a stretchable sheath body constructed to be
smaller than an outside diameter of said medical device.
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52. The method of claim 40, wherein said disposable
sheath comprises a sheath body constructed from of a
material that shrinks when exposed to some external effect.

53. The method of claim 40, wherein said disposable
sheath comprises a sheath body comprises openings in order
to facilitate performance of an intended purpose of said
medical device.

54. The method of claim 40, wherein said signal recovery
and production unit accumulates a set of values of said
corresponding electric signal over time in order to determine
a predicted measure of manipulation induced by said medi-
cal device.

55. The method of claim 40, wherein said disposable
sheath further comprises a second piezoelectric copolymer
transducer.

56. The method of claim 40, wherein said copolymer
transducer is constructed from polyvinylidene difluoride
(PVDF).

57. The method of claim 40, wherein said copolymer
transducer is constructed from polyvinyl difluoride (PVF).
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58. The method of claim 40, wherein said copolymer
transducer is constructed from copolymers of vinylidene
fluride.

59. The method of claim 40, further comprising the step
of generating an input electric signal at said signal recovery
and production unit wherein said input electric signal is
transduced into an ultrasound signal radiated by said copoly-
mer transducer.

60. The method of claim 40, further comprising the step
of activating said medical device to manipulate tissue.

61. The method of claim 40, further comprising the steps
of:

withdrawing said medical device from said patient;

removing said disposable sheath from said medical
device; and

disposing of said disposable sheath.
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