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(57 ABSTRACT

A transducer assembly is presented. The transducer assembly
includes a support structure configured to be reversibly
changed between a first position and a second position. Addi-
tionally, the transducer assembly includes a multi-dimen-
sional transducer array comprising a plurality ‘N’ of one-
dimensional sub-groups of transducer elements arranged on
the support structure, wherein each of the ‘N” sub-groups of
transducer elements is disposed in a spatial relationship such
that an angle formed between one of the ‘N’ sub-groups of
transducer elements and at least one other sub-group of trans-
ducer elements is less than about 180 degrees, and wherein
‘N’ is an integer.
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MECHANICALLY EXPANDING
TRANSDUCER ASSEMBLY

BACKGROUND

[0001] Embodiments of the invention relate generally to a
transducer assembly, and more specifically to a transducer
assembly for real-time imaging in space-constrained applica-
tions.

[0002] Transducers, such as acoustic transducers, have
found application in medical imaging where an acoustic
probe is held against a patient and the probe transmits and
receives ultrasound waves. The received energy may, in turn,
facilitate the imaging of the internal tissues of the patient. For
example, transducers may be employed to image the heart of
a patient.

[0003] A typical invasive probe may include a miniaturized
transducer assembly disposed at a distal end of the probe. The
probe may include, for example, a one-dimensional phased
array transducer. As will be appreciated, spatial resolution of
the transducer assembly is an important factor in imaging
applications, such as ultrasound imaging. Additionally,
acquisition of high quality real-time three-dimensional imag-
ing volumes in space-constrained applications is disadvanta-
geously dependent upon the number of signal conductors that
may be accommodated within the limited space of the probe.
Also, the relatively small physical size of a transducer assem-
bly sized and configured for space-constrained applications
unfortunately limits the aperture of the transducer assembly.
This results in the generation of ultrasound beams that
diverge rapidly with distance, thereby resulting in poor spatial
resolution and degraded image quality. Consequently, the
ability of a clinician to identify anatomical and physiological
regions of interest may be hampered.

[0004] Currently available imaging catheters, such as ultra-
sound imaging catheters, typically have a side-viewing ori-
entation where the ultrasound beam direction is generally
perpendicular to a long axis of the imaging catheter. Although
forward-looking catheters have emerged, the apertures are
small and fixed resulting in poor resolution and penetration.
Also, previously conceived solutions have incorporated one-
dimensional catheter transducers to obtain three-dimensional
images by rotating the entire catheter. However, the resulting
images are not obtained in real-time.

[0005] Furthermore, previously conceived solutions for
real-time three-dimensional imaging employ two-dimen-
sional arrays to steer and focus the ultrasound beam over a
pyramidal-shaped volume. However, many of these two-di-
mensional arrays require a relatively large number of inter-
connections in order to adequately sample the acoustic apet-
ture space, resulting in increased cost and complexity.

BRIEF DESCRIPTION

[0006] Briefly, in accordance with aspects of the invention,
a transducer assembly is presented. The transducer assembly
includes a support structure configured to be reversibly
changed between a first position and a second position. Addi-
tionally, the transducer assembly includes a multi-dimen-
sional transducer array comprising a plurality ‘N’ of one-
dimensional sub-groups of transducer elements arranged on
the support structure, wherein each of the ‘N’ sub-groups of
transducer elements is disposed in a spatial relationship such
that an angle formed between one of the ‘N’ sub-groups of
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transducer elements and at least one other sub-group of trans-
ducer elements is less than about 180 degrees, and wherein
‘N’ is an integer.

[0007] Inaccordance with further aspects of the technique,
an invasive probe configured to image an anatomical region is
presented. The invasive probe includes an outer envelope
sized and configured to be disposed in the anatomical region.
Further, the invasive probe includes a transducer assembly
movably disposed in the outer envelope, whetre the transducer
assembly includes a support structure configured to be revers-
ibly changed between a first position and a second position,
where the support structure includes a central guide member
having a proximal end and a distal end, a plurality of support
struts movably coupled to the distal end of the central guide
member, and a sliding member coupled to the central guide
member and the plurality of support struts to facilitate chang-
ing the support structure between the first position and the
second position. The transducer assembly also includes a
multi-dimensional transducer array comprising a plurality
‘N of sub-groups of transducer elements arranged on the
support structure, wherein each of the ‘N’ sub-groups of
transducer elements is disposed in a spatial relationship such
that an angle formed between each of the ‘N’ sub-groups of
transducer elements and at least one other sub-group of trans-
ducer elements is less than about 180 degrees, and wherein
‘N’ is an integer.

[0008] Inaccordance with yet another aspect of the present
technique, a system is presented. The system includes an
acquisition subsystem configured to acquire image data,
where the acquisition subsystem comprises an invasive probe
configured to image an anatomical region, where the invasive
probe includes an outer envelope sized and configured to be
disposed in the anatomical region, and a transducer assembly
movably disposed in the outer envelope. Furthermore, the
transducer assembly includes a support structure configured
to be reversibly changed between a first position and a second
position and a multi-dimensional transducer array compris-
ing a plurality ‘N° of sub-groups of transducer elements
arranged on the support structure, wherein each of the ‘N’
sub-groups of transducer elements is disposed in a spatial
relationship such that an angle formed between each of the
‘N” sub-groups of transducer elements and at least one other
sub-group of transducer elements is less than about 180
degrees, and wherein ‘N’ is an integer. The support structure
in the transducer assembly includes a central guide member
having a proximal end and a distal end, a plurality of support
struts coupled to the distal end of the central guide member
and a sliding member movably coupled to the central guide
member and the plurality of support struts to facilitate chang-
ing the support structure between the first position and the
second position. Additionally, the system includes a process-
ing subsystem in operative association with the acquisition
subsystem and configured to process the image data acquired
via the acquisition subsystem.

[0009] In accordance with further aspects of the present
technique, a method of using an invasive probe having a
transducer assembly is presented. The method includes posi-
tioning the invasive probe proximate a region of interest
within an anatomical region, wherein the transducer assem-
bly is in a first position and disposed in an outer envelope of
the invasive probe. The method also includes extending the
transducer assembly from within the outer envelope such that
the transducer assembly is positioned outside a distal end of
the invasive probe. Further, the method includes deploying
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the transducer assembly to change the position of the trans-
ducer assembly from the first position to a second expanded
position, where the transducer assembly includes a support
structure configured to be reversibly changed between a first
position and a second position and a multi-dimensional trans-
ducer array comprising a plurality ‘N’ of sub-groups of trans-
ducer elements arranged on the support structure, wherein
each of the ‘N’ sub-groups of transducer elements is disposed
in a spatial relationship such that an angle formed between
each of the ‘N’ sub-groups of transducer elements and at least
one other sub-group of transducer elements is less than about
180 degrees, and wherein ‘N’ is an integer.

[0010] Inaccordance with yet another aspect of the present
technique, a method of using an invasive probe having a
transducer assembly is presented. The method includes posi-
tioning the invasive probe proximate a region of interest
within an anatomical region, where the transducer assembly
is in a first position and disposed in an outer envelope of the
invasive probe. Further, the method includes extending the
transducer assembly from within the outer envelope such that
the transducer assembly is positioned outside a distal end of
the invasive probe. Additionally, the method includes imag-
ing in a first retracted position. The method also includes
transitioning the position of the transducer assembly from the
first retracted position to a second expanded position to create
an expanded acoustic aperture. Moreover, the method
includes imaging in the second expanded position, where the
transducer assembly includes a support structure configured
to be reversibly changed between a first position and a second
position and a multi-dimensional transducer array compris-
ing a plurality ‘N” of sub-groups of transducer elements
arranged on the support structure, wherein each of the ‘N’
sub-groups of transducer elements is disposed in a spatial
relationship such that an angle formed between each of the
‘N’ sub-groups of transducer elements and at least one other
sub-group of transducer elements is less than about 180
degrees, and wherein ‘N’ is an integer.

DRAWINGS

[0011] These and other features, aspects, and advantages of
the invention will become better understood when the follow-
ing detailed description is read with reference to the accom-
panying drawings, which are provided for illustrative pur-
poses and in which like characters represent like parts
throughout the drawings, wherein:

[0012] FIG. 1 is a block diagram of an exemplary ultra-
sound imaging and therapy system, in accordance with
aspects of the present technique;

[0013] FIG. 2 is a schematic diagram depicting an exem-
plary method for deploying an invasive probe for imaging in
accordance with one embodiment of an exemplary mechani-
cally expanding transducer assembly;

[0014] FIG. 3 is a schematic diagram depicting an exem-
plary method for deploying an invasive probe for imaging
employing an invasive probe in accordance with an alterna-
tive embodiment of an exemplary mechanically expanding
transducer assembly;

[0015] FIG.4isanend view of the exemplary embodiment
of the mechanically expanding transducer assembly illus-
trated in FIGS. 2-3;

[0016] FIG. 5 is an end view of another embodiment of a
mechanically expanding transducer assembly;

[0017] FIG. 6isan end view of yet another embodiment of
a mechanically expanding transducer assembly;
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[0018] FIG. 7 is a perspective view of one exemplary
embodiment of an invasive probe with a forward viewing
three-dimensional volume orientation;

[0019] FIG. 8 is a perspective view of one embodiment of
an invasive probe with a forward viewing three-dimensional
volume orientation and configured to deliver therapy;

[0020] FIG. 9 is an end view of the embodiment of the
invasive probe illustrated in FIG. 8; and

[0021] FIG. 10 is a perspective view of the embodiment of
the invasive probe illustrated in FIG. 8.

DETAILED DESCRIPTION

[0022] As will be described below, embodiments of the
present technique include a transducer assembly having a
support structure and a multi-dimensional transducer array
configured such that the transducer array may be reversibly
transitioned from first radially collapsed position to a second
radially expanded position.

[0023] Although the exemplary embodiments illustrated
hereinafter are described in the context of a medical imaging
system, such as an ultrasound imaging system, other imaging
systems and applications such as industrial imaging systems
and non-destructive evaluation and inspection systems, such
as pipeline inspection systems, liquid reactor inspection sys-
tems are also contemplated. Additionally, the exemplary
embodiments illustrated and described hereinafter may find
application in multi-modality imaging systems that employ
an ultrasound imaging in conjunction with other imaging
modalities, position-tracking systems or other sensor sys-
tems.

[0024] FIG. 1isablock diagram of an exemplary system 10
for use in imaging, in accordance with aspects of the present
technique. The system 10 may be configured to acquire image
data representative of a region of interest in a patient 12 via a
probe 14. As used herein, the term “probe” is broadly used to
include conventional catheters, transducers or devices
adapted for imaging and applying therapy. Further, as used
herein, the term “imaging” is broadly used to include two-
dimensional (2D) imaging, three-dimensional (3D) imaging,
or real-time three-dimensional (RT3D) imaging. It may be
noted that the terms RT3D and four-dimensional (4D) imag-
ing may be used interchangeably.

[0025] Inaccordance with aspects of the present technique,
the probe 14 may be configured to facilitate interventional
procedures in which the probe 14 may be configured to func-
tion as an invasive probe. It should also be noted that,
although the illustrated embodiments are described in the
context of a catheter-based probe, other types of probes such
as endoscopes, laparoscopes, surgical probes, transrectal
probes, transvaginal probes, intracavity probes, probes
adapted for interventional procedures, or combinations
thereof are also contemplated in conjunction with the present
technique. Reference numeral 16 is representative of a por-
tion of the probe 14 disposed inside the patient 12.

[0026] Further, in the illustrated embodiment, an imaging
system 18 is in operative association with the invasive probe
14. The imaging system 18 may be configured to display an
image representative of a current position of the invasive
probe 14 within a region of interest in the patient 12. The
imaging system 18 may include a display 20 and a user
interface 22. In accordance with aspects of the present tech-
nique, the display 20 of the imaging system 18 may be con-
figured to display images generated by the imaging system 18
based on image data acquired via the invasive probe 14.
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[0027] Turning now to FIG. 2, a schematic diagram 24
depicting an exemplary method for deploying an invasive
probe 28 including a mechanically expanding transducer
assembly 26 is illustrated in accordance with one embodi-
ment. Reference numeral 25 is representative of the invasive
probe 28 illustrating (in a cut-away view) the transducer
assembly 26 situated in a first radially collapsed position.

[0028] As illustrated, the invasive probe 28 generally
includes a proximal end 29 and a distal end 31, and is shown
as including an outer envelope 30. In one embodiment, the
transducer assembly 26 is illustrated as being disposed within
the outer envelope 30 of the invasive probe 28. Alternatively,
in another embodiment, the transducer assembly 26 may be
disposed at an end of the outer envelope 30 of the transducer
assembly. In one embodiment, the transducer assembly 26
may be disposed at the distal end 31 of the outer envelope 30
of the invasive probe 28, for example. In accordance with
aspects of the present technique, the transducer assembly 26
may include a support structure configured to be reversibly
changed between at least a first position and a second posi-
tion. Further, for the illustrated embodiment, the first position
may include a radially collapsed position, while the second
position may include a radially expanded position. Accord-
ingly, the size of the expanded transducer array need not be
limited by the catheter diameter. Moreover, in one embodi-
ment, the size ofthe transducer array in the expanded position
may be larger than catheter diameter as measured in at least
two dimensions. In an embodiment where the expanded
transducer array may be represented with a diameter, the
diameter of the expanded transducer array may be larger than
the catheter diameter as measured in a direction orthogonal to
the axis of the catheter. In the first radially collapsed position,
the transducer assenbly 26 may be configured in a compact
folded state having a form factor designed to fit within the
outer envelope 30 for delivery to a region of interest. In one
embodiment, the transducer assembly 26 may be configured
to facilitate imaging in the radially collapsed position, the
radially expanded position, or both.

[0029] The support structure may include a central guide
member 34 that extends through the center of the transducer
assembly 26 and is defined to include a proximal end 29 and
adistal end 31 corresponding to that of the invasive probe 28.
In one embodiment, the central guide member 34 may con-
structed from metals suitable for medical devices, such as
stainless steel, nitinol, titanium, etc. Also, the central guide
member 34 may include any of a variety of cross-sections
including a circular cross-section, in certain embodiments. In
such an embodiment, the central guide member 34 may have
a diameter in a range from about 0.1 mm to 2 mm.

[0030] Inoneembodiment, a firstend (for example, a distal
end) of the support structure may be movably coupled to the
central guide at or about the distal end 31 of the invasive probe
28 and a second end (for example, a proximal end) of the
support structure may be movably coupled to an intermediate
portion of the central guide member 34. In one embodiment
the support structure includes multiple radial struts 36
coupled between the two ends of the support structure. The
support structure may also include a sliding member 40 such
as a slip ring and a hinge connection 42 coupled to the central
guide member 34 as shown to facilitate transitioning the
support structure between the collapsed and expanded posi-
tions. Reference numeral 46 is representative of a first direc-
tion of movement of the transducer assembly 26 whereas a
subsequent direction of movement of the sliding member 40
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along the central guide member 34 is indicated by reference
numeral 44. In one embodiment, the radial struts 36 are mov-
ably coupled to the central guide member 34 via the sliding
member 40 and hinge connection 42. Also, in accordance
with one embodiment, at least one of the plurality of radial
struts 36 may include a flexible circuit. The flexible circuit
may include single or multi-layer copper circuit(s) on a poly-
imide substrate, in certain embodiments.

[0031] In certain embodiments, two or more transducer
elements (not shown) may be arranged on the support struc-
ture to facilitate imaging of a region of interest. In one
embodiment, one or more transducer elements may be dis-
posed on each of the radial struts 36. Reference numeral 38 is
representative of radial struts having two or more transducer
elements disposed thereon. Furthermore, the transducer ele-
ments may be arranged on the radial struts in a pseudo-
random pattern, a vernier pattern or other patterns to facilitate
minimizing grating lobes and other beamforming artifacts.
The transducer elements may include lead zirconate titanate
(PZT) transducer elements, capacitively micromachined
ultrasound transducer (cMUT) elements or polyvinylidene
fluoride array (PVDF) transducer elements.

[0032] Inapresently contemplated configuration, the trans-
ducer elements may be arranged on the radial struts 38 to form
sub-groups of transducer elements. In one embodiment, the
radial struts 38 may contain a number “N’ (where N is an
integer value) of sub-groups of transducer elements. In one
embodiment, a number ‘N’ of sub-groups of transducer ele-
ments may be arranged on the support structure such that an
angle formed between one of the sub-groups of transducer
elements on one radial strut and at least one other sub-group
of transducer elements on another radial strut is less than
about 180 degrees. In one embodiment, the angles of separa-
tion between each neighboring radial strut of the transducer
assembly 26 may be substantially equivalent and may be
determined according to the following relationship:

2x180 M

S 1l le=| —m8M8M8M8 ——
eparanionangte (Numberofmdialstrms

where the separation angle may be measured in degrees.

[0033] For example, in one embodiment the measure of an
angle between each neighboring radial strut in a transducer
assembly having 4 radial struts may be equal to about 90
degrees. In one embodiment, the support structure may also
include spacers (not shown) coupled to the radial struts 36. As
will be discussed in further detail below with reference to
FIG. 5, the spacers may be configured to control spacing
between the radial struts 36 in the expanded position. It may
be noted that in certain embodiments, two or more sub-groups
of transducer elements also may be arranged on each of the
radial struts 38 or a subset of the radial struts 38. Additionally,
the sub-groups of transducer elements may be referred col-
lectively to as a multi-dimensional transducer array.

[0034] According to further aspects of the present tech-
nique, the invasive probe 28 having a mechanically expand-
ing transducer assembly, such as the transducer assembly 26,
may be employed to facilitate imaging in space-constrained
applications, such as, but not limited to, intracardiac echocar-
diography, transesophageal echocardiography, pediatric
echocardiography, laparoscopic surgery. More particularly,
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the invasive probe 28 equipped with the transducer assembly
26 may be employed to obtain high quality RT3D image
volumes.

[0035] The method of imaging employing the invasive
probe 28 having the exemplary transducer assembly 26 may
include positioning the invasive probe 28 proximate a region
of interest within an anatomical region in the patient 12. The
invasive probe 28 may be guided from the point of entry
through the vasculature of the patient 12 to the desirable
anatomical location employing a method such as fluoroscopy
to monitor and guide the invasive probe 28 within the vascu-
lature. The invasive probe could be delivered over a guide
wire or through a sheath, where the sheath or wire had previ-
ously been guided to the desired location using e.g., fluoro-
scopic imaging. Once delivered to the region to be imaged,
the transducer elements in the multi-dimensional transducer
array may be energized and image data representative of the
region of interest may be acquired. Image data may be
acquired via the transducer assembly 26 while positioned
within the outer envelope 30 of the invasive probe 28 (e.g., in
a radially collapsed configuration) or while positioned out-
side of the outer envelope 30 (e.g., in the radially collapsed
configuration or an expanded configuration). It may be noted
that by employing the transducer assembly 26 in the radially
collapsed position, multiple image planes may be acquired.
For example, each “arm” of the transducer assembly 26 may
be configured to operate independently to acquire a separate
image plane.

[0036] As alluded to above, the transducer assembly 26
may be moved from within the outer envelope 30 such that the
transducer assembly 26 is positioned outside the distal end 31
of the invasive probe 28 in order to image a region of interest.
Reference numeral 48 is representative of the invasive probe
28 in which the transducer assembly 26 is positioned outside
the distal end 31 of the invasive probe 28. In one embodiment,
the transducer assembly 26 and the central guide member 34
may be extended out of the distal end 31.

[0037] Once the transducer assembly 26 has been posi-
tioned outside the distal end 31 of the invasive probe 28, the
transducer assembly 26 may be transitioned from the first
radially collapsed position to a second radially expanded
position, in which the aperture of the transducer assembly 26
is not limited by the diameter of the catheter. Moreover, in one
embodiment, the size of the transducer array in the expanded
position may be larger than catheter diameter as measured in
at least two dimensions. In an embodiment where the
expanded transducer array may be represented with a diam-
eter, the diameter of the expanded transducer array may be
larger than the catheter diameter as measured in a direction
orthogonal to the axis of the catheter. For example, the diam-
eter of an intracardial catheter may be in the range of about 1
mm to 4 mm, while the aperture of the transducer assembly 26
in the second expanded position may be in a range from about
3 mm to 30 mm.

[0038] Reference numeral 52 is representative of the inva-
sive probe 28 in which the transducer assembly 26 is depicted
in an intermediate or partially deployed position that is
between the radially collapsed position and the radially
expanded position. Image data representative of the region of
interest may also be acquired via the transducer assembly 26
in the partially deployed position. It may be noted that the
transducer assembly 26 in the partially deployed position
may be employed to obtain multiple image planes. For
example, the arms of the transducer assembly 26 may be
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phased together depending upon the position of the arms
during the intermediate position of deployment. Alterna-
tively, the arms may act independently to acquire multiple
image planes. In one embodiment, imaging of the entire for-
ward hemisphere may be accomplished while the arms of the
transducer assembly 26 are positioned at about 45 degrees as
measured with respect to the catheter axis.

[0039] Deployment of the transducer assembly 26 to the
radially expanded position may be achieved via the use of
mechanical wires, in certain embodiments. Alternatively,
shape memory material may be utilized to facilitate the
deployment of the transducer assembly 26. Furthermore,
hinges made using electro-actuated polymer actuators may
also be employed to aid in transitioning the transducer assem-
bly 26 from the radially collapsed position to the radially
expanded position. In certain other embodiments, the trans-
ducer assembly 26 may be transitioned from the radially
collapsed position to the intermediate or partially deployed
position by retracting the hinge connection 42 with respect to
the radial struts 36 in a direction represented by reference
numeral 58 In other embodiments, the transducer assembly
26 may be transitioned to the intermediate or partially
deployed position by extending the slip ring 40 over the
central guide member 34 in a direction indicated by reference
numeral 56, while maintaining the hinge connection 42 in a
fixed location.

[0040] Reference numeral 60 is representative of the inva-
sive probe 28 having the transducer assembly 26 in a full
radially expanded position. As previously noted, the acoustic
aperture of the transducer assembly 26 in the radially
expanded position may be in a range from about 3 mm to 30
mm, however larger acoustic apertures are possible. It may be
noted that the transducer assembly 26 in the radially
expanded position may be configured to have a forward view-
ing orientation. Additionally, the transducer assembly 26 in
the radially expanded position may be used to acquire image
data representative of the region of interest. More particu-
larly, image data may be acquired employing the transducer
assembly 26 in the radially expanded position.

[0041] Once the image data is acquired via the transducer
assembly 26 in the expanded configuration of 60, the trans-
ducer assembly 26 may be transitioned back to the radially
collapsed position. The transducer assembly 26 may be tran-
sitioned to the radially collapsed position from the radially
expanded position by moving the sliding member 40 in a
second direction (opposite to direction 44) along the central
guide member 34, In certain other embodiments, the trans-
ducer assembly 26 may be transitioned to a radially collapsed
position through use of a pull wire (not shown) or active
hinges (not shown).

[0042] Thetransducer assembly 26 in the radially collapsed
position subsequently may be retracted such that the trans-
ducer assembly 26 is once again positioned within the outer
envelope 30 of the invasive probe 28. The invasive probe 28
along with the transducer assembly 26 in the radially col-
lapsed position may then be removed from the anatomy of the
patient by a clinician, for example.

[0043] As will be appreciated, the respective positions of
the plurality of transducer elements may experience a posi-
tional shift while the transducer assembly 26 is transitioned
between the radially collapsed position and the radially
expanded position. As such, it is desirable to determine pre-
cise locations (e.g., to within a fraction of a wavelength to
allow for proper phasing) of the plurality of transducer ele-
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ments inthe transducer assembly 26 to facilitate generation of
a high-quality image using image data acquired via the plu-
rality of transducer elements. In certain embodiments, adap-
tive beamforming techniques may be used to compensate for
the variations and/or positional shifts of the plurality of trans-
ducer elements. The acquired image data may then be utilized
to generate an image for display on the display 20 (see FIG. 1)
of the imaging system 18 (see FIG. 1), for example.

[0044] By implementing the transducer assembly 26 as
described hereinabove, RT3D image volumes having rela-
tively enhanced quality may be obtained employing the trans-
ducer assembly 26 in the radially expanded position. Addi-
tionally, the transducer assembly 26 described hereinabove
may be configured to have an alternative compact structure
such that the transducer assembly 26 in the radially collapsed
position may be configured to fit within a space-constrained
invasive probe 28. Consequently, high quality RT3D image
volumes may be acquired using the large aperture transducer
assembly 26 that may also be inserted and removed using a
narrow probe configured for minimally invasive applications,
such as, but not limited to, intracardiac echocardiography,
transesophageal echocardiography, pediatric echocardio-
graphy, laparoscopic surgery.

[0045] Turning now to FIG. 3, a schematic diagram 64
depicting an exemplary method for deploying an invasive
probe 28 including an alternative embodiment of a mechani-
cally expanding transducer assembly is illustrated. Reference
numeral 66 is representative of the invasive probe 28 includ-
ing a mechanically expanding transducer assembly 72 in a
first radially collapsed position.

[0046] As previously described with respect to the trans-
ducer assembly 26 of FIG. 2, the transducer assembly 72 may
also include a support structure upon which the transducer
assembly 72 is supported. Such a support structure may
include a central guide member 74 having a first (proximal)
end 29 and a second (distal) end 31 and may be configured to
facilitate transitioning the transducer assembly 72 from a first
position to a second position. The first position may include a
radially collapsed position, while the second position may
include a radially expanded position, where the acoustic apet-
ture of the transducer assembly 72 in the radially expanded
position is not limited by the diameter of the catheter as
previously described.

[0047] Additionally, the transducer assembly 72 may
include a plurality of support struts 76, in which the plurality
of support struts has a respective proximal end and a distal
end. In a presently contemplated configuration, the respective
proximal ends of the plurality of support struts 76 may be
coupled to the central guide member 74 at thedistal end of the
central guide member 74 as shown in FIG. 3. The plurality of
support struts 76 may be formed from a wire in certain
embodiments. More particularly, the support struts 76 may be
formed from or otherwise include a shape-memory wire or a
spring wire, for instance. The shape-memory wire may
include Nitinol, in certain embodiments. The shape-memory
wire or the spring wire may be configured to automatically
transition the transducer assembly 72 from the radially col-
lapsed position to the radially expanded position when
extended from within the outer envelope 30 of the invasive
probe 28 in a direction of movement generally represented by
reference numeral 78.

[0048] Furthermore, a plurality of transducer elements (not
shown) may be disposed on the plurality of support struts 76.
The transducer elements may be physically or electrically
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configured into sub groups of transducer elements that
together form a multi-dimensional transducer array. In one
embodiment, the support struts 76 may contain a number ‘N’
(where N is an integer value) of sub-groups of transducer
elements. In one embodiment, a number ‘N’ of sub-groups of
transducer elements may be arranged on the support structure
such that an angle formed between one of the sub-groups of
transducer elements on one support strut and at least one other
sub-group of transducer elements on another support strut is
less than about 180 degrees.

[0049] A method of imaging employing the invasive probe
28 having the exemplary transducer assembly 72 may include
positioning the invasive probe 28 ata region of interest within
an anatomical region, as previously described with reference
to FI1G. 2. Subsequently, as illustrated by reference numeral
80, the transducer assembly 72 may be extended from within
the outer envelope 30 such that the transducer assembly 72 is
positioned outside the distal end 31 of the invasive probe 28.
In one embodiment, the outer envelope 30 acts to maintain the
transducer assembly in the radially collapsed configuration.
As the transducer assembly 72 is extended out of the outer
envelope 30, the support struts 76 are free to spread apart into
a radially expanded configuration. Reference numeral 80 is
representative of the invasive probe 28 where the transducer
assembly 72 has been extended from within the outer enve-
lope 30 and is configured in a partially deployed position.
Further, a direction of expansion of the support struts 76 may
be generally represented by reference numeral 82.

[0050] Reference numeral 84 is indicative of the invasive
probe 28 where the transducer assembly 72 is configured in
the radially expanded position. As previously noted, the trans-
ducer assembly 72 may be transitioned to the radially
expanded position to create an acoustic aperture that is larger
than the diameter of the catheter. Image data representative of
the region of interest may be acquired via the transducer
assembly 72 in the radially expanded position. Furthermore,
as previously described with reference to FIG. 2, image data
representative of the region of interest may also be obtained
via the transducer assembly 72 in the radially collapsed posi-
tion, the second radially expanded position or a position ther-
ebetween.

[0051] Following acquisition of image data using the trans-
ducer assembly 72 in the radially expanded position, the
transducer assembly 72 may subsequently be retracted into
the outer envelope 30 of the invasive probe 28. In one embodi-
ment, retraction of the transducer assembly 72 in the radially
expanded position into the outer envelope 30 of the invasive
probe 28 urges the support struts 76 together causing the
transducer assembly 72 to transition to the radially collapsed
position.

[0052] Moreover, adaptive beamforming techniques may
be employed to compensate for positional shifts and/or varia-
tions of the plurality of transducer elements, as previously
described with reference to FIG. 2. An image representative
of the region of interest may be subsequently generated using
the acquired image data, where the image may then be dis-
played on a display, such as the display 20 (see FIG. 1) of an
imaging system, such as imaging system 18 (see FIG. 1).
[0053] FIG. 4 is an end view 90 of the mechanically
expanding transducer assembly such as transducer assembly
26 (see F1G. 2) or transducer assembly 72 (see FIG. 3) illus-
trated in FIGS. 2-3, where the transducer assembly 26/72 are
depicted in a radially expanded position. As previously noted,
the mechanically expanding transducer assembly includes a
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plurality of support struts, such as radial struts 36/76, for
example. Furthermore, as previously noted a plurality of
transducer elements 92 may be disposed on each of the radial
struts 36/76 to form sub-groups of transducer elements. Addi-
tionally, as described hereinabove, the sub-groups of trans-
ducer elements may be arranged in a spatial relationship such
that an angle formed between a first sub-group of transducer
elements on a first radial strut 36/76 and a second sub-group
of transducer elements on at least one other radial strut 36/76
is less than about 180 degrees. For example, reference
numeral 94 is representative of an angle formed between a
first sub-group of transducer elements and a second sub-
group of transducer elements, where the angle 94 is less than
about 180 degrees.

[0054] Inthe mechanically expanding transducer assembly
depicted in FIG. 4, eight (8) imaging arms (corresponding to
struts 76) are shown. In general, the more struts 36/76 (and
associated transducer elements) that are utilized, the more
filled-in (e.g., less sparse) the imaging aperture becomes, and
the more the sidelobes and grating lobes can be suppressed.
This in turn acts to improve image quality providing e.g.,
better contrast and fewer artifacts. In certain embodiments,
the presence of grating lobes and side lobes may be reduced
by using specific transducer element sub-groups on transmit
and receive that place the grating lobes and side lobes at
different angular positions so that their transmit-receive prod-
uct is minimized.

[0055] FIG.5isanend view 100 of an alternative embodi-
ment of a mechanically expanding transducer assembly such
as transducer assembly 26 (see FI1G. 2) or transducer assem-
bly 72 (see FIG. 3). The transducer assembly is illustrated in
a fully deployed, radially expanded position. In accordance
with further aspects of the present technique, spacers may be
coupled to the radial struts 36/76 to control spacing between
the radial struts 36/76 in the radially expanded position. As
shown in the illustrated embodiment of FIG. 5, spacers may
include circumferential struts 102 disposed between some or
all of the radial struts 36/76. In one embodiment the plurality
of circumferential struts 102 may be coupled between the
distal ends of each of the radial struts 36/76. Additionally,
transducer elements 104 may be disposed on one or more of
the circumferential struts 102 to form a respective circumfer-
ential sub-group of transducer elements. In accordance with
further aspects of the present technique, spacers may also take
the form of a web or a cord coupled between the radial struts
36/76. In one embodiment, a cord spacer may be thin and
flexible, whereas a “strut” spacer may be relatively stiffer.
Struts 102 may act to push the radial struts 36/76 apart and
hold them at a fixed spacing. In one embodiment, cords may
connect all radial struts (as shown in FIG. 5) and the radial
struts or the central hinge would act to hold the radial struts
open, placing the cord in tension. The cord’s role is then to
maintain uniform spacing, and perhaps to support transducer
elements 104. The advantage of using a cord spacer is that,
being thin and flexible, it would more easily fold up and fit
into the catheter.

[0056] Advantages of using spacers, including circumfer-
ential struts, include more accurate and reproducible posi-
tioning of the radial struts to reduce phasing errors, or require-
ment to use adaptive imaging to compensate for positional
variations. Additionally, if the spacers support transducer ele-
ments, they help fill-in the aperture and thereby improve the
image quality (e.g., penetration & contrast).
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[0057] FIG. 6 is an end view 110 of yet another embodi-
ment of a mechanically expanding transducer assembly, such
as transducer assembly 26 (see FIG. 2) or transducer assem-
bly 72 (see FIG. 3), including a webbed transducer array 114.
Such a webbed transducer array 114 may include a plurality
of transducer elements 118 formed by metallizing and poling
a piezoelectric polymer webbing, such as polyvinylidene
fluoride (PVDF). Alternatively, a traditional PZT acoustic
stack could be constructed on a flexible substrate (e.g. a
polyimide flex circuit), and the stack could be diced to form a
2D array. The dicing depth should extend to or just into the
polyimide, so the result is flexible. The dicing “streets”
should be relatively wide, so the array can fold with elements
face-to-face as well as back-to-back, to fit into the catheter. It
may be noted that the flexible substrate 116 may have a first
side and a second side and the transducer elements 118 may
be disposed on the first side of the flexible substrate 116, the
second side of the flexible substrate 116, or both. The con-
figuration shown in FIG. 6 provides a more densely sampled
2D array. This increases the signal-to-noise ratio and thus
image penetration, and also reduces grating lobes and side
lobes, thus improving image contrast.

[0058] Referring now to FIG. 7, a perspective view 130 of
one exemplary embodiment of an invasive probe 28 with a
forward viewing three-dimensional volume orientation is
illustrated. Depending on the application, the transducer may
be used to image all or just a portion of the indicated 3D
volume 134. For instance, imaging the full volume allows a
full, rendered 3D view, but imaging only two or three slices
within that volume (e.g., parallel to the spokes of the array)
would allow a much faster image update rate. As previously
noted, the invasive probe 28 is shown as including an outer
envelope 30 and a transducer assembly such as the transducer
assembly 26 (see FIG. 2) or the transducer assembly 72 (see
FIG. 3). In the illustrated embodiment, the transducer assem-
bly 26/72 is shown in a fully deployed position. Reference
numeral 134 is representative of a three-dimensional forward
viewing imaging volume of the invasive probe 28 having the
exemplary mechanically expanding transducer assembly
26/72.

[0059] As described hereinabove, the invasive probe 28
equipped with the various configurations of the mechanically
expanding transducer assembly such as the configurations
illustrated in FIGS. 2-6, for example, may be employed to
facilitate imaging of one or more regions of interest within the
anatomy of the patient. According to aspects of the present
technique, the invasive probe 28 equipped with one or more
configurations of the mechanically expanding transducer
assembly may also be configured to aid in delivery of therapy.
FIG. 8 is a perspective view 140 of one embodiment of an
invasive probe 28 having a forward viewing three-dimen-
sional volume orientation and that is further configured to
deliver therapy. It may be noted that the transducer assembly
26/72 (see FIGS. 2-3) is illustrated in a radially expanded
position.

[0060] In addition to facilitating imaging of a region of
interest, the invasive probe 28 having the mechanically
expanding transducer assembly 26/72 may also be employed
to facilitate delivery of therapy to one or more regions of
interest in an anatomical region. As previously described, the
invasive probe 28 may be positioned in the region of interest
prior to imaging and/or delivery of therapy. In certain
embodiments, placement of the invasive probe 28 within the
anatomy may be performed under fluoroscopic guidance.
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[0061] Inaccordance withaspects of the present technique,
the invasive probe 28 may be configured to image an anatomi-
cal region to facilitate assessing need for therapy in one or
more regions of interest within the anatomical region of the
patient 12 (see FIG. 1) being imaged. Additionally, the inva-
sive probe 28 may also be configured to deliver therapy to the
identified one or more regions of interest. Accordingly, the
invasive probe 28 may also include a therapy component 142
that may be configured to deliver therapy to the region of
interest.

[0062] As used herein, “therapy” is representative of abla-
tion, percutaneous ethanol injection (PEI), cryotherapy, and
laser-induced thermotherapy. Additionally, “therapy” may
also include delivery of tools, such as needles for delivering
gene therapy, or biopsy forceps for example. Additionally, as
used herein, “delivering” may include various means of pro-
viding therapy to the one or more regions of interest, such as
conveying therapy to the one or more regions of interest or
directing therapy towards the one or more regions of interest.
As will be appreciated, in certain embodiments the delivery of
therapy, such as RF ablation, may necessitate physical contact
with the one or more regions of interest requiring therapy.
However, in certain other embodiments, the delivery of
therapy, such as high intensity focused ultrasound (HIFU)
energy, may not require physical contact with the one or more
regions of interest requiring therapy.

[0063] Inoneembodiment, the imaging system, such as the
imaging system 18 (see FIG. 1) may be configured to provide
control signals to the invasive probe 28 to excite the therapy
component 142 and deliver therapy to the one or more regions
of interest. In one embodiment, the therapy component 142 of
the invasive probe 28 may include an extendable and/or
retractable device. More particularly, the therapy component
142 may include an electro-physiological mapping electrode,
a monitoring or ablation electrode, a biopsy needle, a needle
for trans-septal puncture, a fiber optic with a lens at the end,
a tube with a sampling loop extending from the end, or com-
binations thereof. Although illustrated as such, the therapy
device isn’t required to extend from the very center of the
transducer array, but could also be offset or extend from some
of the spaces between the support struts. The direction of
movement of the therapy component 142 is generally repre-
sented by reference numeral 146.

[0064] By implementing the invasive probe 28 having a
mechanically expanding transducer assembly such as the
transducer assembly 26 or the transducer assembly 72 and the
therapy component 142 as described hereinabove, the therapy
component 142 is generally in alignment with the imaged
volume 134, thereby allowing clinicians to efficiently guide
and place the therapy component 142 at a desired location
with enhanced ease.

[0065] FIG.9isanend view 150 of the embodiment of the
invasive probe assembly 28 illustrated in FIG. 8. As previ-
ously described, a plurality of transducer elements 92 may be
disposed on the plurality of radial struts 36/76. Additionally,
a working port 152 may be disposed within a lumen of the
invasive probe 28 in addition to the exemplary mechanically
expanding transducer assembly, as illustrated in FIG. 9. The
working port 152 may be configured to facilitate deployment
of the retractable therapy component 142. In one embodi-
ment, the working port 152 may be configured to run the
entire length of the invasive probe 28. Alternatively, the cen-
tral guide member 34/74 (see FIG. 8) may be employed for
integrating the therapy component 142 into the transducer
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assembly. Furthermore, the working port 152 may be config-
ured to facilitate delivery of therapy to one or more regions of
interest. If working port 152 is positioned off-center, between
two of the arms 36/76, then rotating the entire catheter in-
place would move the therapy port to different locations,
allowing delivery of therapy to multiple regions of interest.
[0066] FIG. 10 illustrates a side view 160 of the embodi-
ment of the invasive probe 28 illustrated in FIG. 8. In the
illustrated embodiment, the therapy component 142 is shown
in an extended position.

[0067] The various embodiments of the mechanically
expanding transducer assemblies and the invasive probes
having the mechanically expanding transducer assemblies
configured to image and provide therapy and method ofimag-
ing and providing therapy described hereinabove dramati-
cally enhance efficiency of the process of imaging and deliv-
ering therapy, by integrating the imaging and therapy
mapping aspects of the procedure. Employing the transducer
assembly described hereinabove allows acquisition of high
quality RT3D images from within a space-constrained envi-
ronment, such as the invasive probe. In addition, the unfold-
ing of the transducer assemblies to obtain a relatively large
acoustic aperture facilitates generation of images with rela-
tively higher spatial resolution as compared to those images
generated by transducer assemblies having relatively small
acoustic apertures. Additionally, the forward viewing con-
figuration of the transducer assembly integrated with diag-
nostic and/or therapeutic tools advantageously result in
enhanced visualization of regions of interest, and simplified
interventional procedures.

[0068] While the invention has been described in detail in
connection with only a limited number of embodiments, it
should be readily understood that the invention is not limited
to such disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, alterations,
substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention is not
to be seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

1. A transducer assembly, comprising:

a support structure configured to be reversibly changed

between a first position and a second position; and

a multi-dimensional transducer array comprising a plural-

ity ‘N’ of sub-groups of transducer elements arranged on
the support structure, wherein each of the ‘N’ sub-
groups of transducer elements is disposed in a spatial
relationship such that an angle formed between one of
the ‘N’ sub-groups of transducer elements and at least
one other sub-group of transducer elements is less than
about 180 degrees, and wherein ‘N’ is an integer.

2. The transducer assembly of claim 1, wherein the first
position is a radially collapsed position and the second posi-
tion is a radially expanded position.

3. The transducer assembly of claim 2, wherein a size of an
aperture of the transducer assembly in the second position, as
measured in a direction orthogonal to a long axis of the
catheter, is larger than the diameter of the catheter.

4. The transducer assembly of claim 1, wherein the multi-
dimensional transducer array is configured to have a forward
viewing orientation in the second position.
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5. The transducer assembly of claim 1, wherein the support
structure comptises:

a central guide member having a proximal end and a distal

end; and

aplurality of radial struts movably coupled to the distal end

of the central guide member to provide support to the
multi-dimensional transducer array.

6. The transducer assembly of claim 5, further comprising
aslidingmember coupled to the central guide member and the
plurality of radial struts to facilitate changing the support
structure between the first position and the second position.

7. The transducer assembly of claim 5, wherein at least one
of the radial struts comprises a flexible circuit.

8. The transducer assembly of claim 5, further comprising
at least one spacer coupled to at least two ofthe plurality of the
radial struts and configured to control spacing between the at
least two radial struts in the second position.

9. The transducer assembly of claim 5, wherein the plural-
ity of radial struts comprises transducer elements arranged
thereon.

10. The transducer assembly of claim 5, further comprising
a web and a plurality of transducer elements disposed
thereon.

11. The transducer assembly of claim 10, further compris-
ing a plurality of circumferential struts coupled between dis-
tal ends of each of the plurality of the radial struts.

12. The transducer assembly of claim 11, wherein a plu-
rality of transducer elements is arranged on the plurality of
circumferential struts.

13. The transducer assembly of claim 7, wherein the flex-
ible circuit comprises a flexible substrate having a first side
and a second side and disposed on the plurality of the radial
struts.

14. The transducer assembly of claim 13, wherein the
plurality of transducer elements is arranged on a first side of
the flexible substrate such that the plurality of transducer
elements is disposed between the plurality of the radial struts.

15. The transducer assembly of claim 1, wherein the trans-
ducer array comprises a lead zirconate titanate array, a micro-
machined ultrasound array, a polyvinylidene fluoride array,
or a combination thereof.

16. An invasive probe configured to image an anatomical
region, comprising:

an outer envelope sized and configured to be disposed in

the anatomical region; and

atransducer assembly disposed in or on the outer envelope,

the transducer assembly comprising

a support structure configured to be reversibly changed

between a first position and a second position, wherein

the support structure comprises

a central guide member having a proximal end and a
distal end;

a plurality of support struts movably coupled to the the
central guide member near the distal end;

wherein the central guide member moves relative to the
outer envelope to facilitate changing the support
structure between the first position and the second
position; and

a multi-dimensional transducer array comprising a plural-

ity ‘N’ of sub-groups of transducer elements arranged on
the support structure, wherein each of the ‘N’ sub-
groups of transducer elements is disposed in a spatial
relationship such that an angle formed between each of
the ‘N’ sub-groups of transducer elements and at least
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one other sub-group of transducer elements is less than
about 180 degrees, and wherein ‘N’ is an integer.

17. The invasive probe of claim 16, wherein the invasive
probe comprises an imaging catheter, an endoscope, a laparo-
scope, a surgical probe, a transesophageal probe, a transvagi-
nal probe, a transrectal probe, an intracavity probe, or a probe
adapted for interventional procedures.

18. The invasive probe of claim 16, wherein the first posi-
tion is a radially collapsed position and the second position is
a radially expanded position.

19. The invasive probe of claim 16, wherein the plurality of
transducer elements is arranged on the plurality of support
struts.

20. The invasive probe of claim 16, wherein the invasive
probe is further configured to facilitate assessing the need for
therapy in one or more regions of interest within the anatomi-
cal region and delivering therapy to the one or more regions of
interest within the anatomical region.

21. A system, comprising:

an acquisition subsystem configured to acquire image data,

wherein the acquisition subsystem comprises an inva-
sive probe configured to image an anatomical region,
and a processing subsystem in operative association
with the acquisition subsystem and configured to pro-
cess the image data acquired via the acquisition sub-
system;

wherein the invasive probe comprises an outer envelope

sized and configured to be disposed in the anatomical

region, and a transducer assembly movably disposed in

or on the outer envelope, the transducer assembly com-

prising

a support structure comprising a central guide member
having a proximal end and a distal end, and a plurality
of support struts coupled to the central guide member,
wherein the central guide member moves relative to
the outer envelope to facilitate changing the support
structure between a first position and a second posi-
tion; and

a multi-dimensional transducer array comprising a plu-
rality ‘N” of sub-groups of transducer elements
arranged on the support structure, wherein each of the
‘N’ sub-groups of transducer elements is disposed in
a spatial relationship such that an angle formed
between each of the ‘N’ sub-groups of transducer
elements and at least one other sub-group of trans-
ducer elements is less than about 180 degrees, and
wherein ‘N’ is an integer.

22. The system of claim 21, wherein the processing sub-
system comprises an imaging system, wherein the imaging
system comprises an ultrasound imaging system.

23. A method of using an invasive probe having a trans-
ducer assembly, the method comprising:

positioning the invasive probe proximate a region of inter-

est within an anatomical region, wherein the transducer
assembly is in a first position and disposed in an outer
envelope of the invasive probe;

extending the transducer assembly from within the outer

envelope such that the transducer assembly is positioned
outside a distal end of the invasive probe;

deploying the transducer assembly to change the position

of the transducer assembly from the first position to a
second expanded position,
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wherein the transducer assembly comprises

a support structure configured to be reversibly changed
between a first position and a second position; and

a multi-dimensional transducer array comprising a plu-
rality ‘N” of sub-groups of transducer elements
arranged on the support structure, wherein each of the
‘N’ sub-groups of transducer elements is disposed in
a spatial relationship such that an angle formed
between each of the ‘N’ sub-groups of transducer
elements and at least one other sub-group of trans-
ducer elements is less than about 180 degrees, and
wherein ‘N’ is an integer.

24. The method of claim 23, further comprising imaging in
a first position, a second position, or a position therebetween.

25. The method of claim 23, further comprising energizing
the multi-dimensional transducer array in the transducer
assembly.

26. The method of claim 23, wherein deploying comprises
moving a sliding member along a central guide member of the
transducer assembly in a first direction to transition the multi-
dimensional transducer array from the first position to the
second position.

27. The method of claim 26, further comprising moving the
sliding member in a second direction along the central guide
member of the transducer assembly to transition the trans-
ducer assembly from the second position to the first position,
wherein the second direction is opposite to the first direction.

28. The method of claim 27, further comprising retracting
the transducer assembly such that the transducer assembly is
disposed in the invasive probe.

29. The method of claim 23, further comprising acquiring
sensor data via the transducer assembly in the second posi-
tion.

30. The method of claim 29, further comprising acquiring
the sensor data via the transducer assembly to facilitate
assessing need for therapy in one or more regions of interest
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within the anatomical region and delivering therapy to the one
or more regions of interest within the anatomical region.

31. The method of claim 30, further comprising employing
adaptive signal processing techniques to compensate for
variations in the position of each of the plurality of transducer
elements to improve the effectiveness of phased array beam-
forming.

32. The method of claim 30, further comprising generating
an image from acquired sensor data for display on a display of
a medical imaging system.

33. A method of using an invasive probe having a trans-
ducer assembly, the method comprising:

positioning the invasive probe proximate a region of inter-

est within an anatomical region, wherein the transducer
assembly is in a first position and disposed in an outer
envelope of the invasive probe;

extending the transducer assembly from within the outer

envelope such that the transducer assembly is positioned
outside a distal end of the invasive probe;

imaging in a first retracted position;

transitioning the position of the transducer assembly from

the first retracted position to a second expanded posi-
tion,;

imaging in the second expanded position,

wherein the transducer assembly comprises

a support structure configured to be reversibly changed
between a first position and a second position; and

a multi-dimensional transducer array comprising a plu-
rality ‘N” of sub-groups of transducer elements
arranged on the support structure, wherein each of the
‘N’ sub-groups of transducer elements is disposed in
a spatial relationship such that an angle formed
between each of the ‘N’ sub-groups of transducer
elements and at least one other sub-group of trans-
ducer elements is less than about 180 degrees, and
wherein ‘N’ is an integer.
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