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(57) Abrégée/Abstract:
A catheter apparatus Is provided for use In the treatment of heart arrhythmia having a catheter shaft, a mapping and ablation
catheter disposed within the shaft, and a control mechanism coupled to both the shaft and catheter. The catheter shaft includes a
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(57) Abrege(suite)/Abstract(continued):

main body and a coaxial tip section joined to the main body. The tip section can be rotated about a central axis and curved away
from the central axis in a controlled manner. The mapping and ablation catheter can be extended outward from the catheter shaft
where it Is able to take the form of a pre-stressed curve. The control mechanism controls axial rotation of the tip section, the degree
of deflection of the tip section and longitudinal movement of the mapping and ablation catheter with respect to the catheter shaft.
Preferably, the mapping and ablation catheter forms a pre-stressed loop when It is fully extended from the catheter shaft. In another
aspect of this Invention, It provides a method for treatment of a heart arrhythmia having the steps of (1) obtaining cardiac image
data from a medical iImaging system, (2) creating a 3D model from this cardiac image data, (3) registering the 3D model to an
Interventional system, (4) positioning the catheter apparatus within a chamber of the heart, (5) displaying the catheter apparatus
over the registered 3D model on the Interventional system, (6) navigating the catheter apparatus within the heart guided by the
registered 3D model, and (/) having the catheter apparatus ablate heart tissue at select locations.
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(57) Abstract: A catheter apparatus is provided for use in the treatment of heart arrhythmia having a catheter shaft, a mapping
and ablation catheter disposed within the shaft, and a control mechanism coupled to both the shaft and catheter. The catheter shaft
includes a main body and a coaxial tip section joined to the main body. The tip section can be rotated about a central axis and curved
away from the central axis in a controlled manner. The mapping and ablation catheter can be extended outward from the catheter
shaft where it is able to take the form of a pre-stressed curve. The control mechanism controls axial rotation of the tip section, the
degree of deflection of the tip section and longitudinal movement of the mapping and ablation catheter with respect to the catheter
= shaft. Preferably, the mapping and ablation catheter forms a pre-stressed loop when it is fully extended from the catheter shaft. In
& another aspect of this invention, it provides a method for treatment of a heart arrhythmia having the steps of (1) obtaining cardiac
N image data from a medical imaging system, (2) creating a 3D model from this cardiac image data, (3) registering the 3D model to an
interventional system, (4) positioning the catheter apparatus within a chamber of the heart, (5) displaying the catheter apparatus over
the registered 3D model on the interventional system, (6) navigating the catheter apparatus within the heart guided by the registered
3D model, and (7) having the catheter apparatus ablate heart tissue at select locations.
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CATHETER APPARATUS FOR TREATMENT OF HEART ARRHYTHMIA

FIELD OF THE INVENTION

This invention relates generally to catheter apparatus and methods for treatment of
heart arrthythmia and, in particular, to catheter apparatus that conform to the anatomy of the

left atrium for pulmonary vein isolation and for ablation of other left atrial structures in

patients with atrial fibrillation.

BACKGROUND OF THE INVENTION

Heart rhythm problems or cardiac arthythmias are a major cause of mortality and
morbidity. An example of different rhythm problems cncountered in clinical practice include
atrial fibrillation (AF), cardiac arrest or sudden cardiac death (SCD) due to ventricular
tachycardia/ventnicular fibrillation (VT/VF), atnal [lutter and other forms of atrial and
ventricular arrhythmias. During the past 20 years, cardiac electrophysiology has ¢volved into
a clinical tool to diagnose these cardiac arrhythmias. During electrophysiology studies
multipolar catheters are positioned tnside the heart and electrical recordings are made from
the different chambers of the heart. Careful study of surface ECG and data from intracavitary

electrograms is used conventionally to treat these arrhythmaas.

Atrial fibrillation (AF), where the atria (upper chambers of the heart) stop contracting
as they fibrillate or quiver, is the most common of the heart rhythm problems encountered in
clinical practice. Recent data suggests AF is the most common arthythmia-related cause of
hospital admissions. Estimates indicate that 2.2 million people in the United States alone
have AF and that 160,000 new cases are diagnosed every year. Patients with AF have a high
incidence of such complications as stroke, and heart failure and bear an ominous prognosts of

higher overall and cardiovascular mortality.
Recently it has been shown that premature atnal contractions can act as triggers and
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initiate paroxysms of AF. These premature ectopic beats have been shown to originate
predonunantly in the pulmonary veins. Inability to reproducibly identify the precise location

of these trigger sites limits catheter ablation of trigger sites of AF.

Because of the critical role of the 'pulmonary' vems in the generation of AF, and as
infrequent and nonreproducible premature atrial con_ifactions limit the utility of trigger site
ablation, a variety of surgical and nonsurgical catheter ablation techniques have been used to
1solate the pulmonary veins from the left atrium. An energy source such as radio-frequency
waves are used to create a series of small scars on the heart’s surface near the connection
between the pulmonary veins and the left atrium. These scars stop the erratic impulses of

atrial fibrillation by directing the ifnpulSes lowards a normal electrical pathway through the

heart.

Other strategic areas such as between the mitral annulus and the pulmonary veins,
between the pulmonary vein)é, and between the left pulmonary veins and the left atnal
appendage can also be targeted for ablation to increase the success rate in treating AF.
Complete 1solation of the pulmonary veins using various energy sources in patients
undergoing open heart surgery has led to successful termination of AF in over 80% of

patients. Although less invasive, trying to replicate this procedure non-surgically however is

lengthy and labor intensive.

Sudden cardiac death is defined as an unexpected natural death from cardiac causes
within a short period of time. Most SCDs are caused by VT/VF. It is estimated that SCD -
accounts for approximately 300,000 cardiac deaths in the United States alone each year. SCD
is the most common and often the first manifestation of corbnary artery disease and may be
responsible for approximately 50% of deaths from cardiovascular disease in the United
States. The most commonly encountered form of VT typically oniginates in the vicinity of a
healed myocardial infarction. The mechanism of VT is reentry associated with myocardial
scarring. However, these reentrant circuits are quite broad because of the nature of the
scarring. The success rate of VT ablation would increase considerably if it were possible to

precisely interrupt these broad reentrant circuits using lesions that transect them.

Several other arrhythmias such as atrial flutter, atrial tachycardias, and tachycardias

involving accessory connections between the atria and ventricles are also extremely common
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and cause significant morbidity and some risk of higher mortality. Ablation between the
tricuspid annulus and inferior vena cava, forming an anatomical barrier around the flutter
circuil, can terminate atrial flutter. Similarly, the crista terminalis in the right atrium is a

common source of atrial tachycardia. In this and other arrhythmias, the ability to precisely.

 locate and 1dentify these arcas and to have a catheter apparatus that conforms to the particular

3D anatoniy of each site so that ablation at that location is performed quickly and effectively -

would help significantly.

As specific locations such as the left athum-pulmonary vein junction cannot be seen

~on fluoroscopy, multipolar catheters are usually positioned inside a heart chamber such as the -

left atrium after going through a blood vessel. These catheters are then swept-around the
cardiac chamber to gather elcctwphysioldgical information. The cardiac activation map
acquired with such electrical readings is used to guide the catheters to specific locations
showing double potentials. Such locations are suggestive of being sites capable of |

conducting impulses as between the pulmonary veins and the left atrium. Energy is then

delivered by the catheters to ablate these locations.

. Although helpful in certain inétances, the inability to accurately relate the
electrophysiologic information obtained to a specific anatomical location within the heart
limits the usefulness of the readings to treat complex arrhythmias such as AF. The image
created with the information is not an exact replication of the anatomy of these specific )
locations in the cardiac chamber. Moreover, the degree of resolution of this image is totally

operator-dependent and limited by the time available to acquire the corresponding data points.

Current approaches of mapping and ablation, through their use of the currently
avatlable catheters to berform a point-by-point ablation within a complex 3D structure such
as the left atnum guided by fluoroscopy and other techniques, makes the resulting ablation
cumbersome, lengthy and inadequate. Since the true anatomy of the heart chamber is not
being visualized, the unavailabilizty of information on the size and orientation of such cardiac
structures as the pulmonary veins and the pulmonary vein ostia contributes to the difficulty of

such approaches. Given these limitations, the success rate of this procedure is low and only a

imited number of patients may qualify for such treatment.

A number of modalities presently exist for improved medical diagnostic imaging. The
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most common ones for delineating anatomy include computed tomographic imaging (CT),
magnetic resonance imaging (MRI) and x-ray systems. CT is both fast and accurate in
collecting volumes of data over short acquisition times. This data has allowed for the 3D
reconstruction of the underlying images into true and more understandable anatomic models.
An approach that uses such 3D models for visualizing specific cardiac chambers and that
provides endocardial (navigator or inside) views of such chambers to assist in the ablation of.

heart tissue at select locations would be hi ghly desirable.

There 1s a need therefore for a catheter apparatus that can conform to the 3D anatomy

of the pulmonary vein-left atrial junction and to other strategic areas in the heart so as to

“successfully more precisely and easily isolate the pulmonary veins and these other sites that

initiate and sustain heart arrhythmias. There is also a need for a method that utilizes such

catheter apparatus and allows for the visualization of the apparatus as it moves over a 3D

model depicting the anatomy of a cardiac chamber such as the left atrium. Such a method

would enable the rapid encircling of the pulmonary veins with a series of accurately placed

lesions using radio-frequency or other forms of energy such as microwave, cryo-ablation and

laser.

SUMMARY OF THE INVENTION

This invention is for a catheter apparatus used in the treatment of heart arrhythmia,

preferably atrial ﬁbri!latibn, having a catheter shaft, a mapping and ablation catheter and a

control mechanism. The catheter shaft includes a main body and a coaxial tip section joined

to the main body. The tip section is rotatable and capable of being sclectively deflected away

from its central axis whereby it can be curved in a controlled manner, preferably 180° to the

right and to the left of the axis, coplanar with the axis. The ablation catheter is disposed
within the catheter shaft and is pre-stressed to take a curved shape when it is shdably
extended outward from the shaft. The control mechanism is coupled to both the catheter

shaft and the ablation catheter and it controls rotation of the tip section, the degree of

deflection of the tip section and axial movement of the ablation catheter with respect to the

catheter shaft.

In certain preferred embodiments, the ablation catheter, when fully extended from the
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catheter shaft, substantially defines a plane that is perpendicular to the distal end of the tip
section. More preferred is where the ablation catheter forms a loop when fully extended from
the shaft. It is highly desirable that the loop have a diameter ranging from 10 mm. to 20 mm.
One most preferred embodiment finds that the control mechanism also éonlrols the diameter

of the loop. -

Another desirable embodiment is where the control mechanism is a steering handle
having a first actuator mechanically connected to the catheter shaft and a second actuator
mechanically connected to the ablation catheter. The first actuator can independently rotate:
the catheter shaft about its axis and deflect the tip section away from the central axis. The
second actuator can move the ablation catheter axially within the catheter shaft and can also
independently control the diameter of the loop formed by-the ablation catheter. Most
desirable is where the ablation catheter includes a spline, preferably where the spine 1s

fabricated from a shape memory alloy such as nickel-titanium.

Certain preferred embodiments find that the ablation catheter includes an electrode -
section at its distal end. This electrode section has a number of electrodes, each electrode
able to ablate the heart tissue with which 1t 1s brought into contact. More preferred is where
at least two of the electrodes can be operated independently of each other. A most desirable
embodimeht' finds each pair of these electrodes 1s separated by a section or portion that is

non-ablating. Highly desirable 1s where each electrode has both a temperature recording site

and an electrogram recording site.

In another aspect of this invention, it proviaes a method for treatment of a heart
arrhythmia in a patient. This method includes the steps of (1) obtaining cardiac image data by
using a medical imaging system; (2) creating a 3D model from this cardiac image data; (3)
registering the resulting 3D model with an interventional system; (4) positioning this catheter
apparatus inside one of the chambers of the heart; (5) displaying the catheter apparatus over
the registered 3D model upon the interventional system; (6) navigating the catheter apparatus

within the heart by utilizing the registered 3D model; and (7) ablating heart tissue at select

locations with the catheter apparatus.

Certain embodiments of this method find the medical imaging system used to be a

computer tomography (CT) system. Most preferred is where the method also includes the

PCT/US2005/028832
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step of visualizing the 3D model over a computer workstation with the ) nterventional system.

In more desirable cases, the heart arrhythmia being treated is atrial fibnllation and the

3D model is therefore of the left atrium and pulmonary veins. Most desirable 1s where the 3D

- model specifically includes anterior, posterior, right anterior oblique and left anterior oblique

views of the left atrium. Highly preferred in these cases is where the method also includes
the step of creating endocardial views of the pulmonary veins from the cardiac image data so

that the orientation and size of the pulmonary veins can be identified.

Another preferred embodiment 1s where the catheter apparatus includes a catheter
shaft, a mapping and ablation catheter slidably disposed within the catheter shaﬁ, and a
steering handle. The catheter shaft has a rotatable and deflectable tip section. The ablation
catheter includes an electrode section where each electrode can ablate heart tissue and the-
section is pre-stressed to form a loop when fully extended outward from the catheter shaft.

The steering handle controls the selective rotation of the tip section, the selective deflection

- of the tip section and the selective axial movement of the ablation catheter.

Most desirable i1s where the ablation catheter also includes a spline, preferably a spline
that is fabricated from nickel-titanium having shape memory. Also preferred is where the tip
section can deflect 180° either to the right or to the left within a plane coplanar with the

central axis. A highly preferred embodiment finds the loop having a selectively variable

diameter that 1s controlled by the steerning handle.

One very preferred embodiment of this method includes the step of extending the
electrode section outward from the catheter shaft such that the electrodes are positioned in
contact with the area of the heart to be ablated and the step of actuating the electrodes to
ablate in a desired manner. Most desirable is where each of these electrodes is independently

operable. It is mghly preferred that the actuating step include the selective activation of the

electrodes.

In certain embodiments of the ablation catheter, each electrode includes a temperature

- recording site and an electrogram recording site. Most preferred 1s where the navi gating step

utilizes intracardial recordings of electrical activity within the heart that are taken by an

electrode and then displayed by the interventional system.

One very desirable case finds the loop formed by the electrode section defining a

_6-

PCT/US2005/028832



10

15

20

25

CA 02576884 2016-09-08

535370-1

plane substantially perpendicular to the distal end of the tip section. More preferred is the

embodiment where the steering handle includes a first actuator that controls the rotation and
the deflection of the shaft's tip section and a second actuator that controls the longitudinal

movement of the ablation catheter and the size of the diameter of the loop formed by the

ablation catheter.

[t is most preferred that the method of this invention also include the steps of
deflecting the tip section to a desired orientation, rotating the catheter shaft so that the tip
section is positioned adjacent to the strategic area of the heart to be ablated, fully extending
the ablation catheter from the catheter shaft, and adjusting the diameter of the loop. Highly
desirable is where the strategic area is a junction of a pulmonary vein with the left atrium and

the diameter of the loop is selected so that the ablation catheter can circumferentially 1solate

the pulmonary vein.

According to one aspect of the present invention, there 1s provided a catheter
apparatus for treatment of heart arrhythmia comprising: a catheter shaft having a main body
extending along a central axis and a coaxial tip section joined to the main body, the tip section
having a tip distal end and being rotatable about the central axis and detlectable such that the
tip section can be selectively curved away from the central axis; a mapping and ablation
catheter slidably disposed within the catheter shaft, the mapping and ablation catheter having
a catheter distal portion, the catheter distal portion being a pre-stressed curve whereby the

mapping and ablation catheter curves as the catheter distal portion is extended axially from

the catheter shaft and when the catheter distal portion is tully extended from the catheter shaft,
all of the curve 1s substantially coplanar with a plane substantially perpendicular to the central
axis at the tip distal end; and a control mechanism coupled to both the catheter shaft and the
mapping and ablation catheter whereby the control mechanism controls, with respect to the
central axis, selective rotation and selective deflection of the tip section and controls selective

axial movement of the mapping and ablation catheter with respect to the catheter shaft; and

wherein the mapping and ablation catheter forms a loop when the mapping and ablation
catheter is fully extended from the catheter shaft; and wherein: the control mechanism 1s a

steering handle; the steering handle has a first actuator mechanically connected with respect to
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the catheter shaft whereby actuation of the first actuator can independently rotate the tip
section about the central axis and deflect the tip section away from the central axis, wherein
the tip section can deflect 180° to the right and to the left of the central axis within a plane
coplanar with the central axis; and the steering handle has a second actuator mechanically

connected with respect to the mapping and ablation catheter whereby actuation of the second

actuator can independently move the mapping and ablation catheter axially within the catheter

shaft and control the diameter of the loop formed by the mapping and ablation catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of the heart illustrating normal electrical

conduction.

FIG. 2 is a schematic view similar to FIG. 1 illustrating a technique used 1n

electrophysiological studies where catheters are positioned in various locations in the heart

and recordings are obtained from these sites.

FIG. 3 is an exemplary chart illustrating surface ECG leads and intracardiac

(inside the heart) recordings during initiation of atrial fibrillation (AF).

FIG. 4A depicts 3D cardiac images of the left atrium.

FIG. 4B illustrates localization of a standard mapping and ablation catheter

over an endocardial view of the left atrium registered upon an interventional system.

FIG. 4C illustrates point by point ablation using a standard catheter over the

registered endocardial view 1n F1G. 4B.

FIG. 5 1s a series of schematic views depicting a catheter apparatus in

accordance with this invention positioned within the left atrium at the left atrial-pulmonary

veln junction.

FIG. 6 1s a perspective view of a preferred steering handle for the catheter shaft

and mapping and ablation catheter in accordance with this invention.

_ 74 -
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FIG. 7 is a side view of a catheter shaft in accordance with this invention and

tllustrating movement of the catheter shaft away from the central axis.

FIG. 8A is a side view depicting a mapping and ablation catheter in accordance with

this invention extending outward from the catheter shalft.

FIG. 8B is a side view similar to FIG. 8A depicting the catheter fully extended from

the catheter shaft.

FIG. 9A is a detailed view of the mapping and ablation catheter in FIGS. 8A and 8B.

FIG. 9B is a longitudinal cross-section of the mapping and ablation catheter in FIG.
9A.

FIG. 10A is a schematic view of a longitudinal cross-section of the catheter shalt.

FIG. 10B is a schematic view of a radial cross-section of the catheter shaft.

FIGS. 11A, 11B and 11C are a series of schematic views depicting movement of the
tip section of the catheter shaft as controlled by the steering handle.

FIG. 12 is a schematic view of the catheter depicting the pre-stressed curve and splhine.

FIG. 13 is a schematic view of the steenng handie.

FIG. 14A is a schematic view of a longitudinal cross;section of the catheter.

FIG. 14B is a schematic view of a radial cross-section of the catheter.

FIG. 15A and 15B are a series of schematic views depicting the changing of the
diameter of the curve of the catheter as controlled by the steering handle.

FIG. 16 i1s a sequential iHustration of the movement of the catheter shaft and catheter

as it conforms to the 3D geometry of the left atnum.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1 illustrates the normal electrical conduction in the heart. An electrical impulse
starts in the sinus node and depolanzes or activates both atria. This is depicted as a P wave
on the surface ECG. Following this, the impulse travels to both ventricles via the AV node
and bundle of His. Ventricular activation or depolarization is depicted as QRS complex on
the surface ECG.

As shown in FIG. 2, during electrophysiological studies, intracardiac catheters are
positioned in the high right atrium, His bundle region and the right ventricle. Programmed

delivery of electrical impulses in various chambers can help initiate the clinical rhythm

PCT/US2005/028832
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problems in the laboratory. An attempt is then made to move the ablation catheter to the
desired location and the procedure of ablation is performed. This technique is adequate only
in patients who have sustained stable rhythm problems which can allow movement of
catheters sequentially. In patients with arrhythmias like AF, the rhythm becomes unstable
immediately, usually following a single premature beat, and cannot be mapped using this
technique.

An example of intracardiac recordings and spontaneous initiation of AF is shown in
FIG. 3. Three ECG leads.and'intraca"rdiac recordings from the high right atrium and the nght
ventricle are seen. A mapping and ablation catheter is positioned in the left superior
pulmonary vein. A spontaneous prémature atrial contraction (PAC) 6rig'mating from the lelt
superior pulmonary vein (as shown by the arrow) initiates a paroxysm of AF. However, the
standard catheter currently available cannot easily map either the unstable rhythm or the
pulmonary vein-left atnial junction through which the premature beat moves to initiate AF
because of the complex 3D geometry of these cardiac areas. Furthermore, since these
premature beats are not reproducible, the concept of anatomical 1solation of left atrial-
pulmonary vein junction is extremely important in treating AF.

There 1s a heterogencous muscle fiber orientation in the left atnum. These muscle
fibers extend into the pulmonary veins (predominantly into the superior veins) in a circular
and longitudinal fashion. Once 1nitiated, the premature atrial contractions, being more prone
to oniginate 1n the pulmonaw veins, travel rapidly into the left atrium through the muscle
fibers, precipitating AF. A mode of therapy such as a catheter that conforms to the 3D
geometry of the left atrium has obvious advantages as it will quickly and effectively isolate

these areas.

A cardiac CT is performed to create a 3D 1image of the left atrium of a patient’s heart.

Other imaging techniques such as magnetic resonance imaging or ultrasound can be used in

place of CT. Following 3D reconstruction of the left atrium, a segmentation process is used
to extract the inner surface of the left atnum. The junction between the two pulmonary veins
and the left atnum can therefore be easily viewed. Once the 3D image of the left atrium has
been acquired, this image can be registered upon an interventional system.

A mapping and ablation catheler can then be visualized upon the interventional

system over the registered CT image. Ablation and other relevant spots can be tagged on the
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CT image as the catheter moves around as illustrated by the circular tags seen in FIG. 4C.
The following is a more detailed explanation of this process. Although, for the purpose of
clarity, the fole of CT imaging is described in the subsequent discussion, the features and
concepts outlined can be applied to other imaging techniques known to those skilled in the
art, such as MRI and ultrasound.

After obtaining a volume of imaging data of the heart using a CT scan, a 3D image of
a specific area of the heart, such as the left atrium, 1s created using a protocol that 1s
optimized for this cardiac chamber. An example of available software for accomplishing this
1s the CardEP protocol developed by GE Medical Systems. The remaining cardiac chambers

are eliminated and only the left atrium 1s seen. A detailed 3D image of the left atrium and the

pulmonary veins, including endocardial or inside views, is then created as shown in FIG. 4A.

The distance and orientation of the pulmonary veins and other strategic areas can be
calculated in advance from this 3D image to create a roadmap for use during the ablation
procedure.

This 3D image can be stored in a variety of formats to a database. Such formats
include DICOM images and geometn'c wire mesh models. The apparatus for database storage
may be hard drives or CD-ROMs.

The 3D 1image is then registered with a real-time image visualized upon an
interventional system. A detailed description of the registration process has been published in

several previous reports as, for example, Van den Elsen PA et al., “Medical image matching ~

a review with classification,” IEEE Engineering In Medicine and Biology, 12:26-39, 1993

and Fitzpatnck et al., “Image Registration,” Handbook of Medical Image Processing and
Analysis, 2(8):447-506, Ed., Milan Sonka and J. Michael Fitzpatrick.

Cost function and similarity measures can be used to denote how well the images
generated by the CT scan are registered with the coordinates of the interventional system
being used. External or internal fiducial markers can be used to identify the Jocation of
anatomical landmarks on both the CT image and the real-time image on the interventional
system. Registration i1s achieved by minimizing the mean square distance between the
corresponding points.

There are several cardiac mterventional syste.ms currently available that can track

mapping and ablation catheters in real-time using a variety of different techniques. Any of

-10-
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these systems can be used to register the CT image upon it and then track the catheter over the

10

15

20

25

registered image.

One of these technologies, Localisa (Medtronic Inc., Minneapolis, MN.), uses | mA
current electromagnetic fields at approximately 30 kHz emitted from cutaneous patches
placed on the subject’s chest. These patches are positioned to create a three-dimensional axis
system. Catheters in the subject’s heart receive these signals, and, from the magnitude of the

signals, the catheter’s position can be determined.

As seen in FIGS. 4A, 4B and 4C, although the localization and navigation of a current
catheter over a registered left atri al imagé has advanlages, point by point navigation, ablation .
and iagging of ablation spots will still ﬁe very time consuming. Furthermoré, many gaps will
be left between the ablation spots created by the catheter that can lead to other rhythm

problems.,

A catheter apparatus in accordance with this invention has a mapping and ablation
catheter that conforms to the true 3D geometry of the left atnum and shortens the AF .ablation
procedure time needed, making it more efficient and having fewer risks when the catheter is
névi gated inside the left atrium. This 1s 1llustrated in FIG. 5. The distance and orientation of
the pulmonary veins and other relevant structures can first be calculated from the lef atnal
CT image. The catheter can then be rotated, onented and navi gated toward these structures
for ablation. Moreover, the catheter can be adjusted and oriented to conform to the left atnal-

pulmonary vein junction.

Referring to F1G. 6, a catheter apparatus 10 in accordance with this invention is
shown. The catheter apparatus 10 includes a control mechanism, preferably a steering handle
12, a catheter shaft 14, and a mapping and ablation catheter 16. The internal wiring and

controls for catheter shaft 14 and catheter 16 will be descnbed in detail below. Catheter shaft
14 extends from the steering handle 12 and encloses catheter 16. Catheter shaft 14 provides
support for catheter 16 as catheter shafl 14 is inserted into the patient’s left atrium using a

standard technique for gaining access such as transeptal catheterization. It is contemplated by

the inventor that at least three diffcrent lengths for catheter shaft 14 shall be utilized

depending upon the height of the patient and size of the left atrium.

-11-
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FIG. 7 illustrates that catheter shaft 14 has a main body 18 and tip section 20. Tib
section 20 is firmly secured to main body 18 and is preferably integral with main body 18.
Tip section 20 may vary in length from 1.5 inches to 3.0 inches depending upon the size of
the left atrium in which catheter apparatus 10 is being used. Tip section 20 extends outward

to a distal end 22. Preferably, distal end 22 is radio-opaque to enable it to be visualized mn

real-time with x-ray imaging. One or more markers (not shown) on catheter shaft 14 that can

. also be visualized individually upon the interventional system are desirable. The location of

these markers can then be calculated in relation to one or more different points the registered

CT image.

As shown in FIG. 7. catheter shaft 14 extends along a central axis 24. Tip section 20 .
is rotatable about central axis 24. The rotation of tip section 20 about central axis 24 along
with controlled deflection of tip section 20 away from central axis 24 allows the

interventionahist to control the orientation of catheter 16 when extended into the left atnum as

described further below.

Steering handle 12 i1s shown in FIG. 6 as having a first actuator 26. First actuator 26
can be rotated clockwise and counter-clockwise as well as axially along steering handle 12.
As illustrated in FIG. 7, rotation of first actuator 26 controls deflection of tip section 20
relative to a plane 28 orthogonal to central axis 24 at transition point 30. Transition point 30
is the junction between main body 18 and tip section 20. Tip section 20 can be deflected 90°
above or below plane 28. Longitudinal movement of first actuator 26 controls axial rotation
of tip section 20. Rotation of tip section 20 and the angled movement of tip section 20
relative to plane 28 allows tip section 20 to be moved posteriorly, 'anteriorly, laterally and
other directions with respect to plane 28 such that a 360° range of rotation in selected

onentations can be achieved.

- Rotation of first actuator 26 in a clockwise direction from the neutral position results
in deflection of tip section 20 up to a 180°angled curve (32A) from the position where tip
section 20 1s substantially coaxial (32B) with main body 18. As seen in FIG. 7, tip section 20
can be deflected in this manner into a configuration where it is parallel with main body 18.
Rotation of first actuator 26 1n a counter-clockwise direction from the neutral position results

n a deflection (32C) of tip section 20 of up to 180° away from the coaxial configuration

-12-
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(32B) but in an orientation that is opposite to but coplanar with the arc of deflection of tip

section 20 in position 32A.

Advancing first actuator 26 distally forward from the neutral position rotates tip
section 20 clockwise 90°. Retracting first actuator 26 backwards from the neutral position

will then rotate tip section 20 counter-clockwise 90°.

This multi-directionaiity of catheter shaft 14 and the ability to bend lip section 22 in a
90° angle above and below plane 28 (with resulting curvature having different radii) enables

catheter shaft 14 to be oriented in the direction of the appropriate puimonary vein when it is

inserted mmto the left atoum.

As illustrated in FIGS. 8 and 9, mapping and ablation catheter 16 includes an
electrode section 34 having one or more electrodes 36. Three electrodes, for example, are
shown i’n FIGS. 8B, 9A and 9B. Electrodes 36 are spaced apart by spacer sections 38.
Preferably, each electrode 36 is approximately 4 mm. in length while each interelectrode '

spacer scction 38 is approximately 2 mm. Electrodes 36 are assembled at their desired

positions along catheter 16 and are fabricated from commercially available conductive

material such as platinum, alloy or copper. Further coating can be performed using platinum,

gold or iridium.

- In a preferred embodiment of the mapping and ablation catheter 16, each electrode 36
1s configured to ablate heart tissue. Each electrode 36 is independently operable such that any
combination of one, two or three of electrodes 36 can be used to ablate heart tissue duning a

Interventional procedure utilizing catheter apparatus 10.

FIG. 9B shows that each electrode 36 includes a temperature recording site 40 and a
bipolar electrogram recording site 42. Each site uses standard sensors. Temperature

recording site 40 enables the temperature to be recorded from the tip of each electrode 36

‘while electrogram recording site 42 enables an electrogram to be obtained in a bipolar

fashion.

FIGS. 8A and 8B illustrate movement of electrode section 34 of catheter 16 out of
catheter shaft 14. In the position shown in FIG. 8A., only the first distal electrode 36 is seen
extending past distal end 22 of catheter shaft 14. When catheter 16 1s fully extended from

catheter shaft 14, as shown in Figure 8B, catheter 16 takes on a circular curve, forming a loop

13-
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44. Loop 44 is formed by the pre-stressed curve of electrode section 34. The curvature of
electrode section 34 enables electrode section 34 to align with the curved inner wall of the left
atrial- pulmonary vein junction. Depending upon the number of electrodes 36 in contact with

left atrial tissue, one or more electrodes 36 can be used to ablate the heart tissue.

When fully deployed from catheter shaft 14, proximal and distal ends of catheter 16
are adjacent to each other as illustrated in FIG. 8B. In addition, loop 44 is formed at a right
angle to catheter shaft 14 to enable electrode section 34 to ablate a ring around the junction
between a pulmonary vein and the adjacent atnial wall. FIG. 8B shows that catheter 16 also
includes a non-ablating section 46 proximal to electrode section 34. Non-ablating section 46
also provides for the pre-stressed curvature of catheter 16. No electrodes are situated within
non-ablating section 46 so that it has no function in the recording or ablation process

performed by catheter 16.

As seen in FIG. 6, steering handle 12 also includes a second actuator 48 that controls
the movement of mapping and ablation catheter 16 out from and back into catheter shaft 14
and the curvature of catheter 16. Advancing second actuator 48 distally forward extends
catheter 16 outward from catheter shaft 14 while longitudinally moving second actuator 48
backwards retracts catheter 16 into shaft 14. Rotatibn of second actuator 48 adjusts the shape
of catheter 16. Preferably, three separate curves of 10 mm., 15 mm. and 20 mm. in diameter
can be achieved by rotating second actuator 48. These different curvatures enable catheter 16

to be adjusted for different left atnal sizes and different pulmonary vein dimensions.

Steering handle 12 includes locking mechanisms (not shown) that secure catheter

shaft 14 and catheter 16 in a desired curve and position once the proper orientation of catheter

16 has been achieved through movement of first actuator 26 and second actuator 48. This is

accomphished by connecting a locking switch to the respective actuator and turning the switch

to 1ts locked position when the desired location of each actuator has been achieved.

Catheter shaft 14 1s preferably made of a commercially available flexible material

such as polyurethane. The size of catheter shaft 14 is preferably 8 French. Nylon can be

added to increase the shaft’s strength. Increased flexibility of catheter shaft 14 at tip section

20 can be achieved by reducing or eliminating any stiffening material.

-14-
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Three sets of wires 50, 52, and 54 are anchored to the interior of catheter shaft 14 as
iltustrated in FIGS. 10A and 10B. Each set of wires is electrically non-conducting and

preferably fabricated from material such as nitinol or steel. Wires 50, 52, and 54 are bound

“to catheter shaft 14 by thermal bonding. Changing the thickness of wires 50, 52, and 54 at tip

section 20 and their length along steering handle 12 where each is coupled to first actuator 26
helps in the multi-directional and rotational movement at distal end 22 of catheter shat 14.

Presence of spring-like wiring at the site of bending and rotation of catheter shaft 14 further

helps define these movements.

Tip section 20 of catheter shaft 14 1s formed, prefcrably molded, 1n such a manner that
it has a natural tendency to lake a shape where it 1s parallel to main body 18 as shown in

FIGS. 11A or 11C. Steering wires 52 and 54 connect wires 50 and 52 respectively to {irst

‘actuator 26. When tip section 20 is in the coaxial position seen in FIG. 11B, steering wires

52 and 54 are kept taught. In rotating first actuator 26 in a clockwise or counter-clockwise
direction as illustrated in FIGS. 11A and 11C, the respective steening wire 56 and 58 is

slackened. This enables tip section 20 to return to 1ts preformed shape.

Wire 54 is connected to spring-like wire 60 at transition point 30. Wire 54 is
connected to first actuator 26 by steering wire 62. Tip section 20 1s formed, preferably
molded, in such a manner that it has a natural tendency to retumn to its original radial postition
when 1t is rotated 90° clockwise or counter-clockwise by action of wire 60 and then released.
Longitudinal movement of first actuator 26 forward and back actuates rotation of tip section

20 clockwise and counter-clockwise respectively through the slackening and stiffening of

steering wire 62 and wire 54.

The size of catheter 16 1s preferably 7 French. The pre-stressed curve of catheter 16 is
achieved with an elongated member or spline 64 as illustrated in FIG. 12. Spline 64 is made
up of inert wires from a material having memory shape such as, for example, nitinol. The
stiffness and curve of catheter 16 can be altered by varying the amount of the matenial used in
spline 64. The pre-stresse.d curve of spline 64 1s accomplished by molding spline 64 to the -

desired curve at the time of manufacturing. The arca of the curve on spline 64 is somewhat
thinner and not as stiff as the remaining portion of splinc 64. This allows for maneuverability

and malleability of the curve on catheter 16.
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Conductive wires 66 are coupled to electrodes 36 to cqnduct energy such as radio- |
frequency energy for performing ablation within the heart. Delivered energy can also be
microwavé energy or cryo-energy. Wires 66 run through the interior of catheter 16 and are |
connected through steering handle 12 to a connector 68 as shown in FIG. 13. Connector 68 1s

S5 connected in turn to the source of energy that is being delivered. FIGS. 14A and 14B show
how wires 66 and spline 64 are placed inside the body of catheter 16. The portion of catheter
16 carrying wires 66 is surrounded by a non-conductive sleeve made of commercially |
available material such as polyurethane or nylon. An additional non-conducting wire 70 is

connected to second actuator 48 and enables the diameter of the pre-stressed curve of catheter

10 16 to be adjusted.

Steering handle 12 1s hollow and has an inner lumen large enough to accommodate
catheter shaft 14 as well as the vanous steéring wires as depicted in FIG. 13. Second actuator

26 controls the axial movement of catheter 16 and the diameter of the pre-stressed curve of

catheter 16 through steering wires 72 and 74 that are coupled to catheter 16 and wire 70

15 respectively. The diameter of the pre-stressed curve 1s controlled by steering wire 74 coupled
to wire 70 as illustrated in FIGS. 15A and 15B. By rotating second actuator 48 in a clockwise
direction as shown in FIG. 15B for positions A, B and C, the diameter of the pre-stressed

curve is changed as the tension on steering wire 74 1s relieved.

FIG. 16 iHustrates, as an example, the introduction of a catheter shaft of the present
20 invention into the left atnum using the transeptal approach and shows how the catheter
apparatus conforms to the 3D left atrial anatomy. FIG. 16 presents the antenor view of the
left atrium with the right pulmonary veins on the left side and left pulmonary veins on the
right side. As il'lustrated, catheter shaft 14 can be adjusted to achieve different curve angles
and onentations depending upon the pulmonary veins which need to be accessed. Once
25 catheter shaft 14 has been placed in the desired orientation, the mapping and ablation catheter

16 can be extended outward from the catheter shaft 14 to ablate the desired areas.

Pulmonary veins can be isolated separately or together and as far away as desired from
‘ostium of the pulmonary veins. Similarly catheter 16 can be used to ablate other areas such as
between the pulmonary veins and mitral annulus, connecting the pulmonary veins, and

30 isolating the left atnial appendage. It can be seen that this invention allows for an
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appropnately tatlored approach to the AF ablation procedure. In choosing the right approach

to AF ablatidn, the duration of the procedure is reduced and the efficacy improved.

It will be appreciated that automatic techniques may be employed to perform any of

the steps previously mentioned by using one or more of the several computer-assisted
methods available for the detection, localization, visualization and movement of a catheter.

Moreover, these methods can be completely automatic or interactive with input from the user.

Furthermore, the features described may improve with user input and interaction.

Although the invention has been descrnibed in conjunction with specific embodiments
thereof, 1t 1s evident that many altematives, modifications and variations will be apparent to
those skilled in the art. Accordingly, it is intended to embrace al} such alternatives,

modifications and variations that fall within the scope of the claims.

In particular, although the preceding description discusses the left atrium with

reference to AF, it is understood that the invention could be utilized for other rhythm

problems and other chambers.

It will be further appreciated that 1n one aspect of this invention, the process of
imaging and registration can be completely eliminated. In such illstances, the physician can
choose a catheter apparatus in accordance with this invention that will best fit a particular
patient and have navigation of that apparatus achieved using currently available imaging

téchniques such as fluoroscopy or other modalities available in the art.

17-
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CLAIMS:

. A catheter apparatus for treatment of heart arrhythmia comprising:

- a catheter shaft having a main body extending along a central axis and a
coaxial tip section joined to the main body, the tip section having a tip distal end and being
rotatable about the central axis and deflectable such that the tip section can be selectively

curved away from the central axis;

- a mapping and ablation catheter slidably disposed within the catheter shatft,
the mapping and ablation catheter having a catheter distal portion, the catheter distal portion
being a pre-stressed curve whereby the mapping and ablation catheter curves as the catheter
distal portion 1s extended axially from the catheter shaft and when the catheter distal portion 1s
fully extended from the catheter shaft, all of the curve 1s substantially coplanar with a plane

substantially perpendicular to the central axis at the tip distal end; and

- a control mechanism coupled to both the catheter shaft and the mapping and
ablation catheter whereby the control mechanism controls, with respect to the central axis,
selective rotation and selective deflection of the tip section and controls selective axial

movement of the mapping and ablation catheter with respect to the catheter shaft; and wherein

the mapping and ablation catheter forms a loop when the mapping and ablation

catheter 1s fully extended from the catheter shaft; and wherein:
- the control mechanism 1s a steering handle;

- the steering handle has a first actuator mechanically connected with respect to
the catheter shatt whereby actuation of the first actuator can independently rotate the tip

section about the central axis and deflect the tip section away from the central axis, wherein

the tip section can deflect 180° to the right and to the left of the central axis within a plane

coplanar with the central axis; and

- the steering handle has a second actuator mechanically connected with

respect to the mapping and ablation catheter whereby actuation of the second actuator can
- 18 -
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independently move the mapping and ablation catheter axially within the catheter shatt and

control the diameter of the loop formed by the mapping and ablation catheter.

2. The apparatus of claim 1 wherein the loop has a diameter ranging from 10 mm
to 20 mm.

3. The apparatus of claim 1 wherein the control mechanism controls the diameter
of the loop.

4. The apparatus of claim 1 wherein the mapping and ablation catheter includes a
spline.

5. The apparatus of claim 4 wherein the spline 1s fabricated from nickel-titanium

having shape memory.

6. The apparatus of any one of claims 1 to 5 wherein the mapping and ablation
catheter has an electrode section at a distal end of the ablation catheter, the electrode section

having a plurality of electrodes wherein each electrode is operable to ablate a selected area of

heart tissue brought into contact with the electrode.

7. The apparatus of claim 6 wherein at least two electrodes are independently
operable.
8. The apparatus of claim 6 wherein each pair of electrodes 1s separated by a non-

ablating section.

9. The apparatus of claim 6 wherein each electrode includes a temperature

recording site and an electrogram recording site.

10. The apparatus of any one of claims 1 to 9 wherein the heart arrhythmia 1s atrial

fibrillation.

-19 -
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