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(57) ABSTRACT 

A system for imaging and providing therapy to one or more 
regions of interest is presented. The system includes an imag 
ing and therapy catheter configured to image an anatomical 
region to facilitate assessing need for therapy in one or more 
regions within the anatomical region and delivering therapy 
to the one or more regions of interest within the anatomical 
region. In addition, the system includes a medical imaging 
system operationally coupled to the catheter and having a 
display area and a user interface area, wherein the medical 
imaging system is configured to facilitate defining a therapy 
pathway to facilitate delivering therapy to the one or more 
regions of interest. 
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INTEGRATED ULTRASOUND IMAGING AND 
ABLATION PROBE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present invention is a continuation of and 
claims priority to U.S. patent application Ser. No. 1 1/276, 
259, filed Feb. 21, 2006, which claims the benefit of provi 
sional application U.S. Ser. No. 60/739,800, filed Nov. 23, 
2005. 

BACKGROUND OF THE INVENTION 

0002 The invention relates generally to diagnostic imag 
ing, and more particularly, to an ablation array having inde 
pendently activated ablation elements. The invention is fur 
ther related to control of such an ablation array to ablate 
multiple ablation points simultaneously, create a linear or 
curvilinear ablation lesion, or ablate multiple ablation points 
at a given catheter position. 
0003 Heart rhythm problems or cardiac arrhythmias area 
major cause of mortality and morbidity. Atrial fibrillation is 
one of the most common Sustained cardiac arrhythmias 
encountered in clinical practice. Cardiac electrophysiology 
has evolved into a clinical tool to diagnose and treat these 
cardiac arrhythmias. As will be appreciated, during electro 
physiological studies, multipolar catheters are positioned 
inside the anatomy, Such as the heart, and electrical record 
ings are made from the different chambers of the heart. Fur 
ther, catheter-based ablation therapies have been employed 
for the treatment of atrial fibrillation. 
0004 Conventional techniques utilize radio frequency 
(RF) catheter ablation for the treatment of atrial fibrillation. 
Currently, catheter placement within the anatomy is typically 
performed under fluoroscopic guidance. Intracardiac 
echocardiography (ICE) has also been employed during RF 
catheter ablation procedures. Additionally, the ablation pro 
cedure may necessitate the use of a multitude of devices. Such 
as a catheter to form an electroanatomical map of the 
anatomy, such as the heart, a catheter to deliver the RF abla 
tion, a catheter to monitor the electrical activity of the heart, 
and an imaging catheter. A drawback of these techniques 
however is that these procedures are extremely tedious requir 
ing considerable manpower, time and expense. Further, the 
long procedure times associated with the currently available 
catheter-based ablation techniques increase the risks associ 
ated with long term exposure to ionizing radiation to the 
patient as well as medical personnel. 
0005 Additionally, with RF ablation, the tip of the cath 
eter is disadvantageously required to be in direct contact with 
each of the regions of the anatomy to be ablated. RF energy is 
then used to cauterize the identified ablation sites. Further, in 
RF ablation techniques, the catheter is typically placed under 
fluoroscopic guidance. However, fluoroscopic techniques 
disadvantageously suffer from drawbacks. Such as difficulty 
in visualizing soft tissues, which may result in a less precise 
definition of a therapy pathway. Consequently, these RF abla 
tion techniques typically result in greater collateral damage to 
tissue surrounding the ablation sites. In addition, RF ablation 
is associated with Stenosis of the pulmonary vein. 
0006 Moreover, a pre-case computed tomography (CT) 
and/or magnetic resonance imaging (MRI) as well as elec 
troanatomical (EA) mapping systems may be employed to 
acquire static, anatomical information that may be used to 
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guide the ablation procedure. However, these systems disad 
Vantageously provide only static images and are inherently 
unfavorable for imaging dynamic structures such as the heart. 
0007 Another issue frustrating intravenous and intra-ar 

terial ablation is the non-integration between ultrasonic imag 
ing arrays and ablationarrays, each of which are positioned in 
a body via separate catheters. As described above, this typi 
cally results in multiple catheters being disposed in a patient 
for a single interventional procedure. This is particularly 
prevalent in ICE. Specifically, it is not uncommon for some 
ICE procedures to utilize three to four catheters inside the 
heart chambers in the course of the procedures. Adding to the 
multiplicity of catheters is that catheters used to deliver RF 
ablation energy are separate from the catheter used to visual 
ize the ablation catheters and target anatomy. This poses two 
general drawbacks. First, by separating the imaging and abla 
tion catheters, the physician must use a 2D imaging device to 
guide an independent catheter being manipulated in three 
dimensions. Understandably, this can be difficult and time 
consuming. Second, conventional ablation techniques utilize 
RF ablation catheters, which, as described above, require the 
physician to physically contact each desired ablation point. 
As a typical ICE procedure will include 100-200 ablation 
points, the ablation process can become quite tedious and 
lengthy. In addition to ICE, the same or similar drawbacks are 
also experienced in transesophageal echocardiography 
(TEE), laparoscopy, arthroscopy, and other procedures char 
acterized by a disintegration of imaging and ablation devices. 
0008. Additionally, conventional ablation devices are 
characterized by an array of globally controlled ablation ele 
ments. That is, all of the ablation elements of the ablation 
array are activated/deactivated as a group. This results in an 
ablation beam defined by a high amplitude main lobe and a 
series of generally off-centered, low amplitude secondary 
lobes. As a result of this conventional construction and use, 
only a single ablation point can be ablated at a time. Since 
most ablation procedures involve approximately 100-200 
ablation points, one-at-time ablation can be quite time con 
Suming and tedious. 
0009. There is therefore a need for an integrated imaging 
and ablation catheter that provides intracorporeal imaging 
and that also allows for the ablation, assessment, and reabla 
tion, if necessary, without ablation point contact. It would 
also be desirable to have an ablation device capable of ablat 
ing multiple ablation points simultaneously. 

BRIEF DESCRIPTION OF THE INVENTION 

0010. The present invention is directed to a therapy device 
having an array of independently controllable therapy ele 
ments that overcomes the aforementioned drawbacks. The 
therapy device includes multiple therapy elements that may 
be independently and selectively activated to perform mul 
tiple therapy procedures simultaneously, perform multiple 
therapy procedures from a given position of the therapy 
device, or, in the context of an ablation device, create a linear 
or curvilinear ablation lesion. In one aspect, the therapy 
device together with an imaging device. Such as an ultrasound 
transducer, is arranged along a long axis of a catheter that is 
translatable intracorporeally within a Subject, e.g. medical 
patient. 
0011. Therefore, in accordance with one aspect of the 
invention, an ablation device is presented. The ablation 
device includes an array of ablation elements that are inde 
pendently controllable. As such, the ablation device further 
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includes a controller connected to the ablation elements and 
configured to apply different excitation waveforms to differ 
ent ablation elements during a given ablation procedure. The 
excitation waveforms may, for example, differ in frequency, 
phase, time delay, and/or amplitude. 
0012. In accordance with another aspect, the invention 
includes an integrated therapy and imaging catheter. The 
catheter is constructed to have an ultrasound transducer and 
an ablation array having a plurality of ablation elements. The 
ablation array is constructed Such that the ablation elements 
are selectively activated for multi-lesion ablation. 
0013. According to yet another aspect of the invention, an 
imaging and ablation system is disclosed and comprises a 
display configured to display images, an imaging device con 
figured to acquire images, and an ablation device having a 
plurality of independently controllable ablation elements. A 
controller is operably connected to the imaging device to 
control image acquisition and is operably connected to the 
ablation device to selectively activate the plurality of inde 
pendently controllable ablation elements for a given ablation 
procedure. 
0014. According to a further aspect, the invention includes 
an ablation device having a plurality of ablation elements. 
The device includes a controller connected to define a first set 
and a second set of ablation elements for a given ablation. The 
first set of ablation elements comprising different ablation 
elements than the second set. 
00.15 Various other features and advantages of the present 
invention will be made apparent from the following detailed 
description and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The drawings illustrate one preferred embodiment 
presently contemplated for carrying out the invention. 
0017. In the drawings: 
0018 FIG. 1 is a block diagram of an exemplary ultra 
Sound imaging and therapy system in accordance with 
aspects of the present invention. 
0019 FIG. 2 is a front view of a display area of the imaging 
and therapy system of FIG. 1 in accordance with aspects of 
the present invention. 
0020 FIG. 3 is an illustration of an exemplary imaging 
and therapy transducer for use in the system illustrated in 
FIG. 1 in accordance with aspects of the present invention. 
0021 FIG. 4 is an illustration of another exemplary imag 
ing and therapy transducer for use in the system illustrated in 
FIG. 1 in accordance with aspects of the present invention. 
0022 FIG. 5 is a flow chart illustrating an exemplary pro 
cess of imaging and providing therapy to one or more regions 
of interestinaccordance with aspects of the present invention. 
0023 FIG. 6 shows an integrated imaging and therapy 
catheter wherein the therapy array extends along the catheter 
long axis in accordance with aspects of the present invention. 
0024 FIG. 7 illustrates distinct operating frequencies of 
an exemplary therapy array and exemplary imaging array. 
0025 FIG. 8 illustrates overlapping operating frequencies 
of an exemplary therapy array and exemplary imaging array. 
0026 FIG. 9 illustrates an exemplary catheter in accor 
dance with aspects of the present invention wherein the 
therapy and imaging arrays are separate arrays housed within 
the catheter. 
0027 FIG. 10 illustrates another exemplary catheter in 
accordance with aspects of the present invention wherein the 
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therapy and imaging arrays are Subsets of a common array 
and housed within the catheter. 
0028 FIG. 11 illustrates another exemplary catheter in 
accordance with aspects of the present invention wherein the 
imaging array is tilted relative to the therapy array. 
0029 FIG. 12 illustrates a 4D mechanically scanning 
probe with an integrated therapy array in accordance with 
another embodiment of the invention. 
0030 FIG. 13 illustrates a 4D electronically scanning 
probe with an integrated therapy array in accordance with 
another embodiment of the present invention. 
0031 FIG. 14 illustrates ablation of multiple therapy 
points from a single catheter position in accordance with 
further aspects of the present invention. 
0032 FIG. 15 illustrates an integrated imaging and 
therapy array in accordance with yet another embodiment of 
the present invention wherein the imaging array is centered 
relative to the therapy array. 
0033 FIG. 16 illustrates an exemplary therapy profile for 
the exemplary therapy array having one or more deactivated 
therapy elements that results in a grating lobe that can be used 
for therapy in addition to a main therapy lobe in accordance 
with further aspects of the invention. 
0034 FIG. 17 illustrates the simultaneous treatment of 
multiple therapy points using a main lobe and one or more 
grating lobe(s) according to another aspect of the invention. 
0035 FIG. 18 illustrates the simultaneous treatment of 
multiple therapy points. 
0036 FIG. 19 is a flow chart illustrating an exemplary 
process for use of an integrated imaging and therapy array 
according to one aspect of the invention. 
0037 FIG. 20 is a flow illustrating another exemplary 
process for use of an integrated imaging and therapy array 
having Switchable therapy elements according to another 
aspect of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0038. As will be described in detail hereinafter, an auto 
mated image-guided therapy system and method in accor 
dance with exemplary aspects of the present technique are 
presented. Based on image data acquired by the image-guided 
therapy system via an imaging and therapy catheter, a user 
may assess need for therapy in an anatomical region and use 
a human interface device. Such as a mouse, to direct the 
therapy via the image-guided therapy system. 
0039 FIG. 1 is a block diagram of an exemplary system 10 
for use in imaging and providing therapy to one or more 
regions of interest in accordance with aspects of the present 
technique. The system 10 may be configured to acquire image 
data from a patient 12 via an imaging and therapy catheter 14. 
As used herein, "catheter' is broadly used to include conven 
tional catheters, transducers or devices adapted for applying 
therapy. Further, as used herein, “imaging is broadly used to 
include two-dimensional imaging, three-dimensional imag 
ing, or preferably, real-time three-dimensional imaging. Ref 
erence numeral 16 is representative of a portion of the imag 
ing and therapy catheter 14 disposed inside the vasculature of 
the patient 12. 
0040. In certain embodiments, an imaging orientation of 
the imaging and therapy catheter 14 may include a forward 
viewing catheter or a side viewing catheter. However, a com 
bination of forward viewing and side viewing catheters may 
also be employed as the imaging and therapy catheter 14. The 
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imaging and therapy catheter 14 may include a real-time 
imaging and therapy transducer (not shown). According to 
aspects of the present technique, the imaging and therapy 
transducer may include integrated imaging and therapy com 
ponents. Alternatively, the imaging and therapy transducer 
may include separate imaging and therapy components. The 
imaging and therapy transducer will be described in greater 
detail with reference to FIGS. 3-4 and 6-18. It should be noted 
that although the embodiments illustrated are described in the 
context of a catheter-based transducer, other types of trans 
ducers such as transesophageal transducers, transthoracic 
transducers laparoscopic transducers, or intraoperative trans 
ducers are also contemplated. 
0041. In accordance with aspects of the present technique, 
the imaging and therapy catheter 14 may be configured to 
image an anatomical region to facilitate assessing need for 
therapy in one or more regions of interest within the anatomi 
cal region of the patient 12 being imaged. Additionally, the 
imaging and therapy catheter 14 may also be configured to 
deliver therapy to the identified one or more regions of inter 
est. As used herein, “therapy” is representative of ablation, 
hyperthermia, percutaneous ethanol injection (PEI), cryo 
therapy, ultrasound-enhanced or thermally-enhanced drug 
delivery and laser-induced thermotherapy. Additionally, 
“therapy” may also include delivery of tools, such as needles 
for delivering gene therapy, 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. 
0042. The system 10 may also include a medical imaging 
system 18 that is in operative association with the imaging 
and therapy catheter 14 and configured to define a therapy 
pathway to facilitate delivering therapy to the one or more 
regions of interest. The imaging system 10 may be configured 
to define the therapy pathway in response to user input or 
automatically define the therapy pathway as will be described 
in greater detail with reference to FIG. 5. Accordingly, in one 
embodiment, the medical imaging system 18 may be config 
ured to provide control signals to the imaging and therapy 
catheter 14 to excite the therapy component of the imaging 
and therapy transducer and deliver therapy to the one or more 
regions of interest. In addition, the medical imaging system 
18 may be configured to acquire image data representative of 
the anatomical region of the patient 12 via the imaging and 
therapy catheter 14. Medical imaging system 18 further 
includes a system controller 23 that controls operation of the 
system, and its components. 
0043. As illustrated in FIG. 1, the imaging system 18 may 
include a display area 20 and a user interface area 22. How 
ever, in certain embodiments, such as in a touch screen, the 
display area 20 and the user interface area 22 may overlap. 
Also, in Some embodiments, the display area 20 and the user 
interface area 22 may include a common area. In accordance 
with aspects of the present technique, the display area 20 of 
the medical imaging system 18 may be configured to display 
an image generated by the medical imaging system 18 based 
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on the image data acquired via the imaging and therapy cath 
eter 14. Additionally, the display area 20 may be configured to 
aid the user in defining and visualizing a user-defined therapy 
pathway as will be described in greater detail hereinafter. It 
should be noted that the display area 20 may include a three 
dimensional display area. In one embodiment, the three-di 
mensional display may be configured to aid in identifying and 
visualizing three-dimensional shapes. 
0044) Further, the user interface area 22 of the medical 
imaging system 18 may include a human interface device (not 
shown) configured to facilitate the user in identifying the one 
or more regions of interest for delivering therapy using the 
image of the anatomical region displayed on the display area 
20. The human interface device may include a mouse-type 
device, a trackball, a joystick, a stylus, or a touch screen 
configured to facilitate the user to identify the one or more 
regions of interest requiring therapy and define a Suitable 
therapy pathway on the image being displayed on the display 
area 20. For example, the human interface device responds to 
a user-defined pathway by displaying a line, for instance, and 
will be described in greater detail with reference to FIG. 2. 
Additionally, the human interface device may be configured 
to facilitate delivery of therapy to the identified one or more 
regions of interest. However, as will be appreciated, other 
human interface devices, such as, but not limited to, a touch 
screen, may also be employed. 
0045. It may be noted that although the exemplary 
embodiments illustrated hereinafter are described in the con 
text of an ultrasound system, other medical imaging systems 
Such as, but not limited to, optical imaging systems, or elec 
tro-anatomical imaging systems are also contemplated for 
defining a therapy pathway to facilitate delivering therapy to 
the one or more regions of interest. 
0046. As depicted in FIG. 1, the system 10 may include an 
optional catheter positioning system 24 configured to reposi 
tion the imaging and therapy catheter 14 within the patient 12 
in response to input from the user and relative to the defined 
therapy pathway. The catheter positioning system 24 will be 
described in greater detail hereinafter. Moreover, the system 
10 may also include an optional feedback system 26 that is in 
operative association with the catheter positioning system 24 
and the medical imaging system 18. The feedback system 26 
may be configured to facilitate communication between the 
catheter positioning system 24 and the medical imaging sys 
tem 18, as will be discussed in greater detail hereinafter. 
0047 Turning now to FIG. 2, a front view of the display 
area 20 of the medical imaging system 18 of FIG. 1 is illus 
trated. Reference numeral 28 is representative of an image 
generated by the medical imaging system 18 (see FIG. 1) 
based on the image data acquired via the imaging and therapy 
catheter 14 (see FIG. 1) from an anatomical region of the 
patient12 (see FIG.1). Further, reference numeral 30 embod 
ies one or more regions of interest requiring therapy identified 
by the user employing the displayed image 28. The user may 
define a therapy pathway 32 on the image 28 to select the one 
or more regions of interest requiring therapy. As previously 
noted, the user may define the therapy pathway 32 on the 
image 28 via a human interface device 34 such as a stylus, a 
trackball, a mouse, a touch screen, or a joystick, for example. 
In the illustrated embodiment, the human interface device is 
shown as including a stylus 34. It should be noted that a 
currently selected region of interest 36 is depicted by the 
current position of the stylus 34. 
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0048 FIG. 3 is an illustration of an exemplary embodi 
ment 38 of an imaging and therapy catheter 40 for use in the 
system 10 illustrated in FIG.1. Further, in FIG.3, the imaging 
and therapy catheter 40 is illustrated as having an imaging and 
therapy transducer 42. As previously noted, the imaging and 
therapy catheter 40 may include an imaging and therapy 
transducer having integrated or separate imaging and therapy 
components. The embodiment of the imaging and therapy 
catheter 40 illustrated in FIG. 3 is shown as having an inte 
grated imaging and therapy transducer 42 having integrated 
imaging and therapy components. In one embodiment, the 
illustrated integrated imaging and therapy catheter 40 may be 
configured to facilitate real-time three-dimensional imaging 
of an anatomical region as well as deliver therapy to one or 
more regions in the anatomical region. For example, in the 
case of an integrated ultrasound imaging and therapy catheter, 
a real-time, three-dimensional ultrasound image may be 
obtained using a two-dimensional array or mechanically 
scanning one-dimensional array as the imaging component of 
the imaging and therapy transducer 42. Additionally, the inte 
grated ultrasound imaging and therapy catheter 40 may also 
be configured to deliver therapy in the form of ultrasound 
ablation energy via a therapy component of the imaging and 
therapy transducer 42. 
0049 Further, reference numeral 44 is representative of a 
real-time three-dimensional imaged volume (RT3D). In the 
illustrated embodiment, the real-time three-dimensional 
imaged Volume 44 is shown as having a pyramidal Volume. In 
a presently contemplated configuration, reference numeral 46 
is representative of a steerable beam capable of providing 
therapy to the identified one or more regions of interest (not 
shown). It should be noted that the ablation beam 46 may be 
steered manually or electronically. The ablation beam 46 may 
be steered within the three-dimensional imaged volume 44. 
Alternatively, the ablation beam 46 may include an ablation 
beam positioned in a fixed location with respect to the imag 
ing and therapy catheter 40. The imaging and therapy catheter 
40 illustrated in FIG.3 may also include electrodes 48. The 
electrodes 48 may be configured to capture cardiac electrical 
waveforms to monitor electrical activity of the heart, for 
example. Additionally, in certain embodiments, the imaging 
and therapy catheter 40 may include a position sensor 50 
disposed in or near a tip of the imaging and therapy catheter 
40. The position sensor 50 may be configured to track motion 
of the imaging and therapy catheter 40 within the anatomy of 
the patient. Subsequently, the medical imaging system 18 
(see FIG. 1) may be configured to acquire location informa 
tion from the position sensor 50. 
0050 Referring now to FIG.4, an exemplary embodiment 
52 of an imaging and therapy catheter 54 having a large field 
of view is illustrated. The large field of view may encompass 
360 degrees, in one embodiment. As depicted in FIG. 4, the 
imaging and therapy catheter 54 is illustrated as having an 
imaging and therapy transducer 56. In certain embodiments, 
the imaging and therapy catheter 54 may include a single 
imaging and therapy transducer having a large field of view. 
Alternatively, in other embodiments, a plurality of imaging 
and therapy transducers may be used in the imaging and 
therapy catheter 54. Further, reference numeral 58 is repre 
sentative of a real-time three-dimensional imaged Volume. In 
the illustrated embodiment, the real-time three-dimensional 
imaged Volume 58 is shown as having a cylindrical Volume. 
The imaging beam is mechanically and/or electronically 
scanned throughout the imaged Volume 58. In a presently 
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contemplated configuration, reference numeral 60 is repre 
sentative of a steerable beam capable of providing therapy to 
the identified one or more regions of interest (not shown). The 
ablation beam 60 may be steered within the three-dimen 
sional imaged Volume 58. Also, as previously noted, the abla 
tion beam 60 may be steered manually or electronically. 
Alternatively, the ablation beam 60 may include an ablation 
beam positioned in a fixed location with respect to the imag 
ing and therapy catheter 54. As further shown in FIG. 4, it is 
contemplated that the ultrasound transducer may comprise a 
number of transducer sub-elements 57 that, as will be 
described, may be independently and selectively activated. 
0051. Although the embodiments illustrated in FIGS. 3 
and 4 are described in the context of ultrasound ablation, it 
should be noted that other methods of ablation may also be 
employed. For instance, RF ablation may be used. Accord 
ingly, the user may identify locations of the one or more 
regions of interest requiring therapy on the displayed image 
28 (see FIG. 2). The medical imaging system 18 (see FIG. 1) 
may then be configured to control the positioning system 24 
to guide the imaging and therapy catheter to the desired 
locations and deliver ablation energy. 
0052 FIG. 5 is a flow chart of exemplary logic 62 for 
imaging and providing therapy to one or more regions of 
interest. In accordance with exemplary aspects of the present 
technique, a method for imaging and providing therapy to the 
one or more regions of interest is presented. The method starts 
at step 64 where an image based on image data acquired by 
the medical imaging system 18 (see FIG. 1) is generated. As 
previously noted, the image data representative of an ana 
tomical region of the patient12 (see FIG. 1) may be acquired 
Via an imaging and therapy catheter. Such as imaging and 
therapy catheters 40 and 54 illustrated in FIG. 3 and FIG. 4 
respectively. The image data may be acquired in real-time 
employing the imaging and therapy catheter. This acquisition 
of image data via the imaging and therapy catheter aids a user 
in assessing need for therapy in the anatomical region being 
imaged. In addition, mechanical means, electronic means or 
combinations thereof may be employed to facilitate the 
acquisition of image data via the imaging and therapy cath 
eter. Alternatively, previously stored image data representa 
tive of the anatomical region may be acquired by the medical 
imaging system 18. The imaging and therapy catheter may 
include an imaging and therapy transducer. Further, an imag 
ing orientation of the imaging and therapy catheter may 
include a forward viewing catheter, a side viewing catheter or 
combinations thereof, as previously described. 
0053 Also, the generated image, such as image 28 (see 
FIG. 2) is displayed on the display area 20 (see FIG. 1) of the 
medical imaging system 18 at Step 64. In certain embodi 
ments, the displayed image may include a real-time three 
dimensional imaged Volume. 
0054 Subsequently, at step 66, one or more regions of 
interest requiring therapy may be identified on the displayed 
image. In certain embodiments, the user may visually identify 
the one or more regions of interest using the displayed image. 
Alternatively, in accordance with aspects of the present tech 
nique, tissue elasticity or strain imaging techniques may be 
employed to aid the user in assessing the need for therapy in 
the one or more regions of interest. The tissue elasticity imag 
ing techniques may include acoustic radiation force impulse 
(ARFI) imaging or vibroacoustography, for example. Strain 
imaging techniques may include strain imaging, strain rate 
imaging, tissue Velocity imaging, or tissue synchronization 



US 2009/0076390 A1 

imaging. The imaging and therapy transducer may be used to 
facilitate elasticity or strain imaging. However, a separate 
dedicated array that is integrated onto the imaging and 
therapy catheter may be utilized to achieve elasticity or strain 
imaging. 
0055 Following step 66, the user may define a therapy 
pathway, such as the therapy pathway 32 (see FIG. 2) on the 
displayed image at step 68. The therapy pathway is defined in 
response to the identified one or more regions of interest. 
Accordingly, in one embodiment, the therapy pathway may 
extend beyond a region that is capable of being imaged and 
treated from a single catheter position, thus requiring multiple 
catheter positions. Image data representative of a larger field 
of view may be acquired and stored. This process of acquiring 
and storing of image data embodying the larger field of view 
will be described in greater detail hereinafter. As previously 
noted, the user may utilize a mouse-type input device located 
on the user interface area 22 (see FIG. 1) of the medical 
imaging system 18 to draw the therapy pathway. Alterna 
tively, the user may use a stylus, a joystick, a trackball device 
or a touch screen to draw the therapy pathway. The medical 
imaging system 18 then records the therapy pathway and 
displays the therapy pathway on the displayed image by over 
laying the defined therapy pathway on the displayed image. 
The overlaying of the therapy pathway on the displayed 
image allows the user to visualize the therapy pathway in 
real-time. 

0056. It should be noted that although the embodiments 
illustrated are described in the context of a user-defined 
therapy pathway, where the user manually delineates the 
therapy pathway, an automatically defined therapy pathway is 
also contemplated. The imaging and therapy system 10 (see 
FIG. 1) may be configured to provide a system-generated 
proposed therapy pathway based on selected characteristics 
of the image data. Accordingly, the system 10 may be con 
figured to automatically identify one or more regions in the 
imaged Volume requiring therapy based on the selected char 
acteristics. Subsequently, the system 10 may also automati 
cally propose a therapy pathway based on locations of the 
identified one or more regions requiring therapy. The selected 
characteristics may include mechanical properties of tissues, 
Such as, but not limited to, density, brightness, or tissue stiff 
ness, or may include blood flow properties in the tissue. Such 
as blood velocity, perfusion, or doppler power, or any com 
binations thereof which may be indicative or representative of 
certain diseases or anatomy that would respond to therapy. 
0057 Step 70 depicts a process of delivering therapy to the 
identified one or more regions of interest in accordance with 
the defined pathway. During step 70, the medical imaging 
system 18 processes the therapy pathway defined at step 68 
and converts the defined therapy pathway into a series of 
actions resulting in execution of the therapy in accordance 
with the therapy pathway defined in step 68. The series of 
actions resulting in execution of the therapy depend on the 
specific embodiment and will be described in greater detail 
hereinafter. Accordingly, the medical imaging system 18 is 
configured to determine location information of each of the 
one or more regions of interest. The medical imaging system 
18 may be configured to determine location information of 
each of the one or more regions of interest by processing the 
defined therapy pathway in combination with known location 
information of each point on the displayed image relative to 
the known positions of the imaging and therapy components 
of the catheter. 
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0058. With continuing reference to step 70, if the one or 
more regions of interest are located within the field of view of 
the imaging and therapy transducer, the medical imaging 
system 18 may be configured to deliver therapy through the 
therapy component of the imaging and therapy transducer in 
the imaging and therapy catheter to the identified one or more 
regions of interest. In one embodiment, the therapy may 
include high intensity focused ultrasound (HIFU) energy. The 
medical imaging system may deliver the therapy by steering 
an ablation beam, such as ablation beams 46 (see FIG. 3) and 
60 (see FIG. 4) within the imaged volume. Accordingly, in 
one embodiment, the ablation beam may include a steerable 
ablation beam. The ablation beam may be steered using con 
ventional phasing techniques that include phasing excitation 
of the ablation array to ensure propagation of the ultrasound 
beamina desirable direction. It should be noted if the ablation 
beam is steerable, the one or more regions of interest within 
the field of view of the imaging and therapy transducer may be 
ablated without repositioning the imaging and therapy cath 
eter, thereby advantageously resulting in less movement of 
the imaging and therapy catheter within the patient. Also, if 
the imaging and therapy transducer has a large field of view, 
such as the imaging and therapy catheter 54 illustrated in FIG. 
4, the one or more regions of interest may be ablated while the 
imaging and therapy catheter is positioned at a single loca 
tion. 

0059 Alternatively, if the ablation beam is fixed, the imag 
ing and therapy catheter may need to be repositioned prior to 
delivering therapy. A check may then be carried out at an 
optional step to Verify if the one or more regions of interest 
requiring therapy are positioned within a field of view of the 
imaging and therapy transducer. If the one or more regions of 
interest requiring therapy are currently positioned outside the 
field of view of the imaging and therapy transducer, then the 
imaging and therapy catheter may be repositioned to include 
the one or more regions of interest within the field of view of 
the imaging and therapy transducer. This repositioning of the 
imaging and therapy catheter facilitates imaging and deliver 
ing therapy to the one or more regions of interest that are 
currently located outside the field of view of the imaging and 
therapy catheter. Additionally, if the one or more regions of 
interest requiring therapy includes a three-dimensional 
shape, repositioning of the imaging and therapy catheter may 
be required to cover the three-dimensional shape. 
0060. Furthermore, in accordance with aspects of the 
present technique, three-dimensional Volumes with a larger 
field of view may be assembled by employing an imaging and 
therapy catheter having a limited field of view. Moreover, 
information regarding the three-dimensional Volumes and 
defined therapy pathways may be stored in memory, for 
example. Consequently, a composite image may be generated 
by assembling several images, where the images are repre 
sentative of a plurality of positions of the imaging and therapy 
catheter. The composite image may be stored in memory. This 
assembly of three-dimensional volumes with a larger field of 
view may beachieved by tracking image characteristics. Such 
as speckle targets, or other image features. The current field of 
view imaged by the imaging and therapy catheter may then be 
registered with the larger stored three-dimensional Volume in 
real-time. This allows a user to identify where the localized 
treatment pathway is located with respect to an overall treat 
ment pathway when the overall treatment pathway extends 
beyond what is visible at a single given instant. In one 
embodiment, one or more regions of interest selected by the 
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user may be located outside a field of view of the current 
position of the imaging and therapy catheter. The imaging and 
therapy catheter may then be accordingly repositioned to 
include within the current field of view the one or more 
regions of interest presently located outside the field of view 
of the imaging and therapy catheter, while moving the treated 
one or more regions of interest out of the field of view. 
0061. In one embodiment, the imaging and therapy cath 
eter may include a position sensor 50 (see FIG. 3) disposed in 
or near a tip of the imaging and therapy catheter. As previ 
ously noted, the position sensor 50 may be configured to track 
motion of the imaging and therapy catheter within the 
anatomy of the patient. Subsequently, the medical imaging 
system may be configured to acquire location information 
from the position sensor. 
0062. In certain embodiments, the imaging and therapy 
catheter may be repositioned manually. Alternatively, the 
imaging and therapy catheter may be automatically reposi 
tioned to image and delivertherapy to the one or more regions 
of interest employing the catheter positioning system 24 illus 
trated in FIG. 1. The catheter positioning system 24 may 
include a Sub-system (not shown) that may be configured to 
provide location information regarding a tip of the imaging 
and therapy catheter. As used herein, “tip” of the imaging and 
therapy catheter is representative of a length of about 10 
centimeters or less from a distal end of the imaging and 
therapy catheter. In certain embodiments, the tip of the imag 
ing and therapy catheter also may include the imaging and 
therapy components of the imaging and therapy catheter. 
Further, the catheter positioning system 24 may also include 
an actuating Sub-system (not shown) that may be configured 
to actuate the tip of the catheter. Accordingly, the location 
information associated with the one or more regions of inter 
est currently located outside the field of view of the imaging 
and therapy catheter may be communicated to the catheter 
positioning system 24 via the feedback system 26 (see FIG. 
1). The user may utilize the human interface device to provide 
information regarding location of a Subsequent volume to be 
imaged to the catheter positioning system 24 via the feedback 
system 26, for example. Consequently, the catheter position 
ing system 24 may be configured to automatically reposition 
the imaging and therapy catheter to the desirable location 
thereby ensuring that the one or more regions of interest are 
positioned within the field of view of the imaging and therapy 
catheter. 

0063. It should also be noted that the process of delivering 
therapy may be preferably performed in real-time. Accord 
ingly, the imaging and therapy catheter may delivertherapy in 
real-time to the one or more regions of interest in response to 
input from the user. In other words, therapy may be delivered 
to the one or more regions of interest while the user is drawing 
the therapy pathway on the displayed image. In view of this, 
the medical imaging system may be configured to track the 
defined therapy pathway as it is drawn on the displayed 
image. Subsequently, the imaging and therapy catheter may 
be configured to steer the ablation beam to deliver the therapy. 
Alternatively, the medical imaging system may be configured 
to deliver the therapy to the one or more regions of interest 
after the therapy pathway has been drawn to a predetermined 
eXtent. 

0064. Additionally, the efficacy of the therapy after it is 
delivered may be monitored via the use of the tissue elasticity 
or strain imaging techniques. Also, the medical imaging sys 
tem may be configured to use imaging processing algorithms 
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to accurately monitor the therapy treated sites. The imaging 
processing algorithms may also be used to monitor motion of 
the tissue being imaged and treated. In certain embodiments, 
the image processing algorithms may include speckle track 
ing algorithms or other correlation-based algorithms. 
0065. It should also be noted that the procedure of imaging 
and providing therapy to the one or more regions of interest 
requiring therapy may be executed from a remote location 
once the imaging and therapy catheter has been positioned 
within the patient. The user may access the image data from a 
remote location, which may advantageously assist the user in 
remotely monitoring the delivery of therapy. The image data 
acquired via the imaging and therapy catheter may be trans 
mitted via a wired or a wireless medium to a central monitor 
ing system that may be located within a caregiving facility. 
The user may then access the central monitoring system to 
remotely view the image data, identify the one or more 
regions requiring therapy, and deliver the therapy accord 
ingly. In general, displays, printers, workStations, and similar 
devices Supplied within the system may be local to the image 
acquisition components, or may be remote from these com 
ponents, such as elsewhere within caregiving facility, or in an 
entirely different location, linked to the medical imaging 
system via one or more configurable networks, such as the 
Internet, virtual private networks, and so forth. 
0066. As will be appreciated by those of ordinary skill in 
the art, the foregoing example, demonstrations, and process 
steps may be implemented by Suitable code on a processor 
based system, such as a general-purpose or special-purpose 
computer. It should also be noted that different implementa 
tions of the present technique may perform Some or all of the 
steps described herein in different orders or substantially 
concurrently, that is, in parallel. Furthermore, the functions 
may be implemented in a variety of programming languages, 
Such as C++ or Java. Such code, as will be appreciated by 
those of ordinary skill in the art, may be stored or adapted for 
storage on one or more tangible, machine readable media, 
Such as on memory chips, local or remote hard disks, optical 
disks (that is, CD's or DVD’s), or other media, which may be 
accessed by a processor-based system to execute the stored 
code. Note that the tangible media may comprise paper or 
another Suitable medium upon which the instructions are 
printed. For instance, the instructions can be electronically 
captured via optical scanning of the paper or other medium, 
then compiled, interpreted or otherwise processed in a Suit 
able manner if necessary, and then stored in a computer 
memory. 

0067. The present invention is also directed to an inte 
grated imaging and ablation catheter that may be used with 
the integrated imaging and therapy system heretofore 
described. As will become readily apparent, the invention 
advantageously improves registration of the imaging plane 
with an ablation target which aids in the precise placement of 
ablationlesions on targeted anatomy. Moreover, the invention 
improves the ability for an operator to visualize ablation 
reticles on an image prior to ablation. The invention further 
provides flexibility to an operator in performing a given abla 
tion. That is, it is contemplated that an ablation beam may be 
steered to an operator specified site without requiring opera 
tor repositioning of the catheter. Thus, the invention Supports 
ablation beam steering with a relatively static catheter. 
0068. It will also be shown that the present invention Sup 
ports contact-less ablation. That is, through improved visual 
ization, the present invention avoids the conventional need to 
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physically contact the ablation point or tissue with the cath 
eter when identifying an ablation location. In one exemplary 
embodiment, the integrated ablation and imaging catheter has 
independently controllable ablation array elements that may 
be excited with different frequencies, phases, time delays, or 
amplitudes to enable multiple ablation sites to be ablated 
simultaneously. The present invention also allows for the 
automatic assessment of ablation efficiency using strain rate 
imaging or ARFI, and automatic reapplication of ablation 
energy if necessary. 
0069. It is also contemplated that the integrated ablation 
and imaging arrays may be fabricated together thereby reduc 
ing fabrication costs and time. It is also contemplated that 
real-time 3D imaging may be integrally or simultaneously 
performed during an ablation procedure. 
0070 Referring now to FIG. 6, an exemplary integrated 
ultrasound imaging and ablation catheter or probe is shown. 
Catheter 72 includes a catheter body 74 that houses an abla 
tion array 76 and an imaging array 78. The ablation array 76 
is formed by a plurality of ablation elements 80 and the 
imaging array comprises a plurality of transducer elements 
82. The ablation array and imaging array are controlled by 
control commands that are input thereto across interconnect 
leads 84. In addition to providing control commands, the 
interconnect leads 84 include readout leads that carry imag 
ing data from the imaging array elements to the imaging 
system (FIG. 1). As shown in the exemplary embodiment of 
FIG. 6, the ablation array and the imaging array, while com 
monly housed within the catheter body, are separate and 
distinguishable arrays; however, both arrays extend along the 
long axis of the catheter body which provides a large aperture 
that is preferred for effective ablation. A skilled artisan will 
appreciate that the ablation array may be used to steer the 
ultrasonic ablation beam as permitted by the frequency and 
geometry of the ablation array. 
0071 Referring now to FIG. 7, the operating frequencies 
of the ablation and imaging arrays may be distinct from one 
another. As shown, the frequency response of the ablation 
array 86 does not overlap the frequency response of the imag 
ing array 88. As will be described further, this non-overlap 
ping of the frequency responses can be exploited to achieve 
simultaneous imaging and ablation. However, as shown in 
FIG. 8, it is contemplated that the frequency responses could 
overlap. And thus, imaging frames may be interleaved with 
ablation beams. 

0072. As shown in FIG. 9, it is contemplated that the 
ablation and imaging arrays may be separate arrays housed 
within a single catheter body. Notwithstanding the separation 
between the arrays 76, 78, the imaging array is constructed to 
provide an imaging region 90 that includes the ablation beam 
92 of the ablation array 76. As shown in FIG. 10, is also 
contemplated that the ablation and imaging arrays 76, 78 are 
constructed in a common array 94. In either construction, the 
imaging region 90 of the imaging array 78 is Sufficiently large 
to encompass the ablation target 96 and, thus, the ablation 
target is inherently aligned in the image plane (imaged 
region). 
0073 Referring now to FIG. 11, another exemplary 
embodiment of an integrated ablation and imaging catheter is 
shown. In this embodiment, the ablation and imaging arrays 
are tilted relative to one another to improve centering of the 
ablation beam in the imaged region. In the illustrated 
example, the imaging array 78 is shown in a tilted position 
relative to the ablation array 76. However, it is contemplated 
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that the ablation array could be tilted relative to the imaging 
array. By tilting the imaging array 78, the imaged region 90 of 
the imaging array 78 is also tilted relative to the ablation beam 
92 of the ablation array 76. A skilled artisan will appreciate 
that the degree of tilt of the imaging array will define the 
angular offset of the imaged region. In a preferred embodi 
ment, the imaging array is constructed to be tilted in the range 
of Zero to ninety degrees relative to the ablation array. 
0074. It is contemplated that one or more of a number of 
actuating devices may be used to tilt the imaging array and/or 
ablation array. For example, the arrays could be titled by 
bending the flexible interconnect circuit to which the arrays 
are connected and then setting or pointing the arrays to a 
desired tilted position. In another contemplated embodiment, 
a mechanical pull wire connected to the arrays and extending 
through the catheter may be used by a technician to tilt the 
arrays. On the other hand, an electromechanical actuator (not 
shown) may be connected to the pull wire or the arrays 
directly to effectuate desired tilting motion. It is also possible 
for a hydraulic circuit to be used to tilt the arrays based on the 
forcing in or extracting out fluid from a balloon or bladder. It 
is contemplated that other devices may be used to tilt the 
arrays. 
0075. It is also contemplated that either the ablation array 
or the imaging array or both may be a real-time 3D (4D) array. 
Two exemplary embodiments are illustrated in FIGS. 12-13. 
FIG. 12 illustrates a 1D mechanically scanning imaging array 
with an integrated 1D ablation array. It is contemplated that 
the motor 97 could rotate the ablation array, the imaging 
array, or both. In the embodiment where both the 1D imaging 
and 1Dablation arrays are rotated, real-time 3D imaging and 
real-time 3D ablation are possible without moving the cath 
eter. FIG. 13 illustrates a 2D electronically scanning imaging 
array with an integrated 1Dablation array. Such a configura 
tion allows real-time 3D imaging and ablation in two dimen 
sions along a single plane internal to the 3D imaged Volume. 
It is also contemplated that the integrated array may be a 2D 
imaging and 2D ablation array (not shown). Such a construc 
tion would also allow for full real-time 3D imaging and 
real-time 3Dablation without requiring catheter motion. 
0076. As shown in FIG. 14, electronic steering of the 
ablation beam allows multiple ablation sites 96(a), 96(b), and 
96(c) to be ablated at a single catheter position. Not only does 
this reduce the time required for an operator to register mul 
tiple ablation sites, but it also saves time by reducing the 
number of catheter movements required for a given proce 
dure 
(0077 Referring now to FIG. 15, it is contemplated that the 
imaging array 78 may be centrally disposed between ablation 
elements 80 of the ablation array 76. With this construction, 
the ablation target 96 is centered within the imaged region 90. 
0078. In conventional ablation arrays, all the ablation ele 
ments are either ON or OFF. In this regard, only the main lobe 
of the ablation beam is available for ablation. This is the result 
of grating lobes of the ablation beam being located far off 
axis and at a much lower amplitude compared to the main 
lobe. In accordance with another aspect of the invention, the 
ablation array is constructed to have switchable ablation ele 
ments. In this regard, each ablation element is separately 
connected to the system controller 23, FIG. 1, and the system 
controller selectively activates each ablation element as nec 
essary. This selectivity can then be exploited for simultaneous 
ablation of multiple ablation points. The excitation waveform 
applied to each element may differ in frequency, phase, time 
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delay, or amplitude from the waveform applied to other ele 
ments, in order to control the number, size, shape, and loca 
tion of the ablation points. In one example, the ablation ele 
ments are arranged into sets on a per-ablation basis. By doing 
so, different excitation waveforms can be generated by the 
various sets. 
0079 Referring now to FIG. 16, an exemplary ablation 
beam profile is shown for an exemplary ablation array having 
one or more deactivated ablation elements. As shown, the 
beam profile is characterized by a main lobe 102 and a series 
of grating lobes 104. The grating lobes 104 have two key 
differences relative to the grating lobes that result when all the 
ablation elements are ON. First, the amplitudes of the grating 
lobes are comparable to the amplitude of the main lobe. 
Second, the spacing of the grating lobes is relatively narrow. 
As a result, the grating lobes, in addition to the main lobe, may 
be used for active ablation. In one example, the combination 
of the grating lobes with the main lobe results in a linear or 
curvilinear ablation lesion being created. 
0080. This is illustrated in FIGS. 17-18. In FIG. 17, the 
integrated ablation and imaging catheter is constructed in a 
manner described with respect to FIG. 9 with switchable 
ablation array elements whereas the catheter illustrated in 
FIG. 18 is constructed in a manner described with respect to 
FIG. 15 with switchable ablation array elements. Referring 
now to FIG. 17, the grating lobes created by selectively acti 
Vating the ablation array elements allow for simultaneous 
ablation of multiple ablation points, 96 and 106, with the 
resulting ablation lesion being linear in shape. The central 
ablation point 96 is ablated by the main lobe of the ablation 
beam whereas the peripheral ablation points 106 are ablated 
by the grating lobes. Similarly, in FIG. 18, the main lobe of 
the ablation beam is used to ablate the central ablation point 
96 and the grating lobes are used to ablate the peripheral 
ablation points 106. In either construction, the central and 
peripheral ablation points are ablated simultaneously. 
0081. In addition to the integrated ablation and imaging 
catheter heretofore described, the present invention also 
includes an ablation and imaging process for use with the 
catheter described. One exemplary process is illustrated in 
FIG. 19. The process 108 begins at 110 with a clinician 
translating the catheter through the patient until the desired 
ablation point is reached. The imaging array acquires and 
provides real-time images to the clinician that are displayed 
and used by the clinician to track the position of the catheter. 
Once the catheter is at or near the ablation site, the ablation 
site is ablated 112. In a preferred embodiment, before repo 
sitioning the catheter, tissue characterization is performed to 
determine if the ablation was successful 114. The tissue char 
acterization is performed by acquiring and displaying images 
of the ablation lesion, such as strain rate images, Acoustic 
Radiation Force Impulse (ARFI) images, or the like. If the 
ablation was successful 114, 116, the clinician moves the 
catheter as necessary for further ablation or the process ends. 
However, ifablation was unsuccessful 114,118, reablation is 
performed on the ablation site. Lesion characterization and 
reablation is reiterated until an acceptable lesion is formed or 
until the ablation process is halted. 
0082 Another exemplary process is illustrated in FIG. 20. 
In this process, ablation elements are selectively biased to 
enable simultaneous ablation of multiple ablation sites as 
described above. The process 120 begins at 122 with a clini 
cian translating the catheter through the patient until the 
desired ablation point is within the imaged region of the 
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imaging array. The imaging array acquires and provides real 
time images to the clinician that are displayed and used by the 
clinician to track the position of the catheter. Once the cath 
eteris in the imaged region, the clinician identifies the desired 
ablation sites 124. Based on the selected ablation sites, the 
ablation elements are selectively activated to enable the 
simultaneous ablation of the multiple desired sites 126. The 
activated ablation array then ablates tissue at the various 
ablation sites 128. Similar to the process described with 
respect to FIG. 19, tissue characterization is performed at 
130. The tissue characterization is performed by acquiring 
and displaying images of the ablation lesion, such as strain 
rate images, ARFI, or the like. If the ablation was successful 
130, 132, the clinician moves the catheter as necessary for 
further ablation or the process ends. However, if ablation was 
unsuccessful 130, 134, reablation is performed on the various 
ablation sites. Lesion characterization and reablation is reit 
erated until an acceptable lesion is formed or until the ablation 
process is halted. 
I0083. It is contemplated that eachablation site is indepen 
dently evaluated and, thus, the selectivity of the ablation 
elements may be altered between applications so that Suc 
cessfully ablated lesions are not reablated during reablation 
of unsuccessful lesions. 
I0084. The various methods of imaging and providing 
therapy and the systems for imaging and providing therapy 
described hereinabove dramatically enhance efficiency of the 
process of delivering therapy, such as ablation, by integrating 
the imaging, therapy, and mapping aspects of the procedure, 
thereby advantageously eliminating the need for pre-case 
CT/MRI and Static electroanatomical mapping systems. In 
addition, exposure to harmful ionizing radiation required 
with current fluoroscopic imaging methods is greatly reduced 
or eliminated. 

I0085 Also, the use of the human interface device greatly 
aids the user in identifying the one or more regions requiring 
therapy and defining the therapy pathway on the displayed 
image representative of the imaged anatomical region, rather 
than having to manually manipulate an RF ablation catheter 
to physically contact each region on the anatomy to be treated. 
Consequently, definition of the therapy pathway is greatly 
improved resulting in lower collateral damage to the tissue of 
the anatomy being treated. Further, the imaging and therapy 
transducer with the steerable ablation beam advantageously 
results in less movement of the imaging and therapy catheter, 
thereby greatly increasing patient comfort. It is also contem 
plated that the catheter may be a re-usable or disposable 
instrument. 
I0086. Further, employing the techniques of imaging and 
providing therapy described hereinabove facilitates building 
cost effective imaging and therapy systems due to reduction 
in the number of operators required to operate the imaging 
and therapy system. Current systems require multiple opera 
tors to operate each of the ablation system, fluoroscopic imag 
ing system, and the two-dimensional ultrasound imaging 
catheter, while the imaging and therapy system described 
hereinabove is configured to image the anatomy and monitor 
the delivery of therapy with a single device. Furthermore, the 
imaging and therapy system described hereinabove may be 
advantageously be operated by a single operator. 
I0087. Therefore, an ablation device is presented. The abla 
tion device includes an array of ablation elements that are 
independently controllable. As such, the ablation device fur 
ther includes a controller connected to the ablation elements 
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and configured to selectively activate the ablation elements 
for a given ablation procedure. 
0088. The invention also includes an integrated therapy 
and imaging catheter. The catheter is constructed to have an 
ultrasound imaging transducer and an ablation array having a 
plurality of ablation elements. The ablation array is con 
structed such that the ablation elements are selectively acti 
vated for multi-lesion ablation. 
0089. An imaging and ablation system is also disclosed 
and comprises a display configured to display images, an 
imaging device configured to acquire images, and an ablation 
device having a plurality of independently controllable abla 
tion elements. A controller is operably connected to the imag 
ing device to control image acquisition and is operably con 
nected to the ablation device to selectively activate the 
independently controllable ablation elements for a given 
ablation procedure. 
0090 While only certain features of the invention have 
been illustrated and described herein, many modifications 
and changes will occur to those skilled in the art. It is, there 
fore, to be understood that the appended claims are intended 
to coverall Such modifications and changes as fall within the 
true spirit of the invention. 
What is claimed is: 
1. An integrated therapy and imaging catheter comprising: 
a catheter body; 
a therapy device having an array of therapy elements; 
animaging device having an array of imaging elements, the 

imaging device configured to capture a real time three 
dimensional (3D) imaged Volume; and 

wherein the therapy device and the imaging device are 
positioned in the catheter body and wherein the therapy 
device and the imaging device extend along a long axis 
of the catheter body such that the array of therapy ele 
ments is spaced apart from the array of imaging ele 
mentS. 

2. The catheter of claim 1 wherein the therapy device is 
connected to the imaging device to form a single composite 
array. 

3. The catheter of claim 1 wherein the array of therapy 
elements includes a first therapy element array spaced from a 
second therapy element array, and wherein the array of imag 
ing elements is disposed between the first therapy element 
array and the second therapy element array. 

4. The catheter of claim 1 wherein the array of imaging 
elements is tiltable relative to the array of therapy elements. 

5. The catheter of claim 1 wherein the array of imaging 
elements has an imaged region that includes a therapy region 
of the array of therapy elements. 

6. The catheter of claim 1 wherein the therapy elements 
may be selectively activated for a given therapy procedure. 

7. The catheter of claim 1 wherein the array of therapy 
elements is an ablation array and the array of imaging ele 
ments is an ultrasound transducer. 
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8. The catheter of claim 7 wherein the ablation array is 
configured to ablate multiple ablation sites simultaneously. 

9. The catheter of claim 7 wherein the ablation array gen 
erates a steerable ablation beam. 

10. The catheter of claim 7 wherein the ablation array is 
configured to perform multiple ablations from a single cath 
eter position. 

11. The catheter of claim 10 wherein the ablation array is 
further configured to reablate a given ablation site if a previ 
ous ablation is deemed unsatisfactory. 

12. A catheter comprising: 
a catheter body; and 
an ablation array; and 
an ultrasound transducer arranged to acquire real-time 

three-dimensional (3D) images, arranged separate from 
the ablation array and aligned linearly relative to the 
abalation array along a long axis of the catheter body. 

13. The catheter of claim 12 further comprising a drive 
shaft connected to at least one of the ablation array and the 
ultrasound transducer, and configured to rotate the at least one 
of the ablation array and the ultrasound transducer. 

14. The catheter of claim 12 wherein the ablation array 
includes a plurality of ablation elements, the ablation ele 
ments being independently controllable. 

15. The catheter of claim 14 wherein the ablation array is 
capable of ablating multiple ablation points simultaneously. 

16. The catheter of claim 12 wherein the ablation array 
includes a first set of ablation elements and a second set of 
ablation elements spaced from the first set of ablation ele 
ments and wherein the ultrasound transducer is disposed 
between the first and the second sets of ablation elements. 

17. A combined therapy and imaging device to capture 
real-time images of alumen and perform therapy therein, the 
device comprising: 

a catheter insertable into a lumen of a subject to be imaged; 
an real-time three-dimensional (3D) imaging ultrasound 

transducer disposed within the catheter; and 
an ablation array disposed within the catheter, the ablation 

array comprising a set of independent activatable abla 
tion elements that collectively create more than one 
ablation point when the ablation elements are selectively 
activated. 

18. The device of claim 17 wherein the ablation array 
comprises ablation elements arranged in one or more rings 
around the catheter. 

19. The device of claim 17 further comprising a drive shaft 
connected to rotate at least one of the ultrasound transducer 
and the ablation array. 

20. The device of claim 17 wherein the ablation array is 
tiltable relative to a long axis of the catheter. 
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