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which is a continuation-in-part of U.S. patent application
Ser. No. 09/602,420 filed Jun. 23, 2000, now U.S. Pat. No.
6,572,609, issued Jun. 3, 2003, which is a continuation-in-
part of U.S. patent application Ser. No. 09/357,355, filed on
Jul. 14, 1999, now U.S. Pat. No. 6,423,055 issued Jul. 23,
2002.

The teachings of all of these prior related patents and
applications are hereby expressly incorporated herein by
reference.

BACKGROUND

Atrial fibrillation (AF or afib) is a cardiac arrhythmia
(abnormal heart rhythm) that involves the two upper cham-
bers (atria) of the heart. It can often be identified by taking
a pulse and observing that the heartbeats do not occur at
regular intervals, but a conclusive indication of AF is the
absence of P waves on an electrocardiogram (ECG). AF is
the most common arrhythmia; risk increases with age, with
8% of people over 80 having AF. In AF, the normal electrical
impulses that are generated by the sinoatrial node are
overwhelmed by disorganized electrical impulses that origi-
nate in the atria and pulmonary veins, leading to conduction
of irregular impulses to the ventricles that generate the
heartbeat. The result is an irregular heartbeat which may
occur in episodes lasting from minutes to weeks, or it could
occur all the time for years. The natural tendency of AF is
to become a chronic condition.

Patients with AF usually have a significantly increased
risk of stroke (up to about 7 times that of the general
population). Stroke risk increases during AF because blood
may pool and form clots in the poorly contracting atria and
especially in the left atrial appendage (LAA). The level of
increased risk of stroke depends on the number of additional
risk factors. If the AF patient has none, the risk of stroke is
similar to that of the general population. However, many
patients do have additional risk factors and AF is a leading
cause of stroke.

Atrial fibrillation may be treated with medications which
either slow the heart rate or revert the heart rhythm back to
normal. Synchronized electrical cardioversion may also be
used to convert AF to a normal heart rhythm. Surgical and
catheter-based therapies may also be used to prevent recur-
rence of AF in certain individuals. People with AF are often
given anticoagulants such as warfarin to protect them from
stroke.

In patients with AF where rate control drugs are ineffec-
tive and it is not possible to restore sinus rhythm using
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cardioversion, non-pharmacological alternatives are avail-
able. For example, to control rate it is possible to destroy the
bundle of cells connecting the upper and lower chambers of
the heart—the atrioventricular node—which regulates heart
rate, and to implant a pacemaker instead. A more complex
technique, which avoids the need for a pacemaker, involves
ablating groups of cells near the pulmonary veins where
atrial fibrillation is thought to originate, or creating more
extensive lesions in an attempt to prevent atrial fibrillation
from establishing itself.

Ablation is a technique that has shown some promise for
cases of recurrent AF that are unresponsive to conventional
treatments. Radiofrequency ablation (RFA) uses radiofre-
quency energy to destroy abnormal electrical pathways in
heart tissue. Other energy sources include laser, cryothermy,
and high intensity ultrasound. The energy emitting probe is
placed into the heart through a catheter inserted into veins in
the groin or neck. Electrodes that can detect electrical
activity from inside the heart are also inserted, and the
electrophysiologist uses these to “map” an area of the heart
in order to locate the abnormal electrical activity before
eliminating the responsible tissue.

Most AF ablations consist of isolating the electrical
pathways from the pulmonary veins (PV), which are located
on the posterior wall of the left atrium. All other veins from
the body (including neck and groin) lead to the right atrium,
so in order to get to the left atrium the catheters must get
across the atrial septum. This can be done by piercing a
small hole in the septal wall. This is called a transeptal
approach. Once in the left atrium, the physician may per-
form an ablation procedure to electrically isolate the PVs
from the left atrium.

Currently, when laser energy has been applied to a region
of tissue at an ostium of the PV there is little to no visible
change to that region of tissue when viewed through an
endoscope thereby presenting the problem of distinguishing
treated tissue (e.g., lesion) from de novo tissue.

The lesions are not visible for various reasons. For
example, the ablation energy in these procedures typically
penetrates deeply into the atrial tissue to create the lesion
while leaving the endocardial surface relatively undamaged.
Additionally, color video cameras are often not sensitive
enough to discriminate the subtle color changes that distin-
guish treated and untreated tissue. Also, the light levels
delivered to the site are limited since they typically travel to
the treatment site via a small optical fiber thereby further
hindering the ability of video cameras to visualize these
distinctions.

Thus, there remains a need in the art for systems and
methods configured to accurately and efficiently discrimi-
nate lesions from de novo tissue.

SUMMARY

Systems for distinguishing lesions from de novo tissue
during ablation procedures are provided herein. In use, the
system is configured to compare absorbance/reflectivity data
at distinct wavelengths to determine if an area in question is
lesion or de novo tissue. Additionally, the system can
include a video monitor for real-time imaging of a treatment
area with false-coloring applied to those areas determined to
be lesions. Thus, the presently disclosed system discrimi-
nates between lesion and de novo tissue in an accurate and
efficient manner thereby increasing the safety of cardiac
tissue ablation procedures.

Various embodiments of a tissue visualization system are
provided. In one such embodiment, the system includes an
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illumination source configured to illuminate tissue, and a
reflectivity sensor (e.g., a fiber-optic endoscope) sized and
shaped to be slidably disposed within a lumen of a catheter,
and configured to capture reflected light from an area of
tissue. The system also includes an imaging module in
communication with the reflectivity sensor, and configured
to receive reflectivity/absorbance data from the reflectivity
sensor so as to detect a first amount of light reflected by the
area of tissue at a first, predetermined waveband and a
second amount of light reflected by the area of tissue at a
second, predetermined waveband. The system further
includes a processor in communication with the imaging
module, and configured to compare the first amount of light
relative to the second amount of light, and further configured
to classify the area of tissue as a lesion or as de novo tissue
if the first amount of light is less than or greater than the
second amount of light, respectively.

In one embodiment, the first, predetermined waveband is
centered at about 550 nm, and the second, predetermined
waveband is centered at about 560 nm. Various wavebands
can be utilized. For example, each waveband can be about
40 nm wide.

The imaging module can include a video camera having
a plurality of video chips with at least a first and a second
video chip configured to generate a first image and a second
image based on the first predetermined wavelength band and
the second predetermined wavelength band, respectively.
The chips can be configured as such by placing the first and
second chips into communication with first and a second
bandpass filters, respectively. The video camera can further
include a third video chip configured to generate a third
image based on a third predetermined wavelength band
which is selected from another desired waveband, e.g., a red
waveband or a blue waveband.

In one embodiment, the processor is configured to gen-
erate a combined image from the first image and the second
image generated by the first and second video chips, respec-
tively. The processor can also be configured to apply a false
coloring indicative of a treatment status (e.g., a lesion) to at
least a portion of the combined image. The system can also
include a video monitor configured to display a real-time
view of the combined image.

Various embodiments of a cardiac ablation system are
also provided herein. In one embodiment, the ablation
system includes an elongate catheter having a lumen extend-
ing therethrough and an energy emitter slidably disposed
within the lumen. The ablation system also includes a
visualization module configured to irradiate an area of tissue
with light from within the lumen so as to generate reflec-
tivity data, and further configured to detect a first amount of
light reflected by the area at a first, predetermined waveband
and a second amount of light reflected at a second, prede-
termined waveband. The ablation system also includes a
processor in communication with the visualization module,
and configured to compare the first amount of light to the
second amount of light, and further configured to determine
if the tissue area is a lesion based on the comparison. In one
embodiment, the first, predetermined waveband is centered
at about 550 nm, and the second predetermined waveband is
centered at about 560 nm.

Various energy emitters can be utilized. In one embodi-
ment, the energy emitter is configured to deliver rings,
partial rings, or spots of ablative energy to the treatment
area. Also, various types of catheters can be utilized. In one
embodiment, the catheter is sized and configured to provide
access to an ostium of a pulmonary vein (e.g., for use in the
treatment of atrial fibrillation).
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Additionally, various methods of distinguishing lesions
from de novo tissue are also provided herein. In one embodi-
ment, the method includes irradiating an area of tissue with
light, and comparing a first amount of light reflected by the
area at a first, predetermined waveband to a second amount
of light reflected by the area at a second, predetermined
waveband. The method further includes classifying the area
as a lesion or as de novo tissue if the first amount of light is
less than or greater than the second amount of light, respec-
tively. In one embodiment, the first, predetermined wave-
band is centered at about 550 nm, and the second, prede-
termined waveband is centered at about 560 nm.

The method can further include displaying a real-time
image of the tissue area with a type of false-coloring (e.g.,
coloring, shading, brightening) indicative of a treatment
status (e.g., lesion or de nova tissue). The method can also
include ablating tissue classified as de novo tissue.

Additionally, various embodiments of a method for treat-
ing atrial fibrillation are provided herein. In one embodi-
ment, the method includes delivering a distal portion of an
ablation catheter to a position adjacent an ostium of a
pulmonary vein, and irradiating a partial ring of tissue along
the ostium via a reflectivity sensor slidably disposed within
a lumen of the ablation catheter. The method also includes
comparing a first amount of light reflected by a spot or
partial ring of tissue at a first, predetermined waveband to a
second amount of light reflected by the spot or partial ring
of tissue at a second, predetermined waveband, and classi-
fying the observed tissue region as a lesion or as de novo
tissue if the first amount of light is less than or greater than
the second amount of light, respectively. The method further
includes ablating the observed tissue region if classified as
de novo tissue.

The method can further include repeating the irradiating,
comparing, classifying, and ablating steps for each of a
plurality of target tissue regions thereby providing a sub-
stantially continuous lesion around the ostium of the pul-
monary vein,

The method can further include displaying a real-time
image of the ostium of the pulmonary vein on a video
monitor. For example, the image can be taken along a
longitudinal axis of the catheter. In one embodiment, the
real-time image can indicate target regions as lesions or as
de novo tissue. For example, those areas designated as
lesions can be indicated by a type of false coloring (e.g.,
coloring, shading, brightening, etc.).

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the
following detailed description taken in conjunction with the
accompanying drawings, in which like reference numerals
designate like parts throughout the figures, and wherein:

FIG. 1 is a representation of various components of an
embodiment of the presently disclosed system;

FIG. 2 is a side view of an exemplary embodiment of a
reflectivity sensor of the presently disclosed system;

FIG. 3 is a representation of various components of an
exemplary embodiment of an imaging module of the pres-
ently disclosed system;

FIG. 4 is a graph of reflectance versus wavelength data for
various lesion and de novo tissue samples;

FIG. 5 is a graph showing an amount of light reflected in
various 40 nm wavebands centered at 500 nm, 550 nm, 560
nm, 600 nm, and 650 nm;

FIG. 6 is a representative view of a treatment site from
along a longitudinal axis of a catheter;
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FIG. 7 is a schematic representation of an exemplary
embodiment of an ablation catheter positioned adjacent an
ostium of a pulmonary vein;

FIG. 8A is a side view of an embodiment of an ablation
catheter showing a reflectivity sensor and an energy emitter
disposed therein,

FIG. 8B is a top view of the embodiment of FIG. 8A;

FIG. 9A is a representation of various target regions
capable of being targeted by an embodiment of an energy
emitter slidably disposed within an ablation catheter;

FIG. 9B is a schematic representation of overlapping
lesions encircling an ostium of a pulmonary vein; and

FIG. 10 is a representation of an embodiment of a
visualization system incorporated into a cardiac ablation
system.

DETAILED DESCRIPTION

Systems for distinguishing cardiac lesions from untreated
tissue are provided herein. The systems can also provide
real-time video imaging of the cardiac treatment site indica-
tive of treated and untreated tissue regions. For example, the
system can be utilized in treating atrial fibrillation where a
plurality of partial or complete ring-like or “spot™ tissue
regions extending along various portions of an ostium of a
pulmonary vein are ablated to provide a continuous lesions
surrounding the vein. In such a procedure, the systems can
determine which regions have been treated, which regions
have not been treated, which regions have been treated but
are in need of further treatment, etc. As such, the various
embodiments of the visualization and imaging systems can
be incorporated into and/or used in conjunction with an
ablation catheter configured to specifically target and ablate
a region in need of treatment.

FIG. 1 provides a general representation of the presently
disclosed visualization and imaging system 10. As shown,
the system 10 typically includes an illumination source 11
configured to irradiate at least a portion of a tissue area with
light, and a reflectivity sensor 12 configured to detect
resulting absorbance/reflectivity data. The system 10 also
includes an imaging module 16 in communication with the
reflectivity sensor 12, and configured to generate a plurality
of images which, taken together, can distinguish lesions
from untreated, de novo tissue. That is, the imaging module
16 can be specifically tuned to those wavebands which
exhibit subtle differences between treated and untreated
tissue. Typically, the reflectivity sensor 12 can play a role in
detecting and/or transmitting reflectivity/absorbance data
from the reflected light to the imaging module 16. Thus, the
reflectivity sensor 12, illumination source 11, and the imag-
ing module 16 can be considered to be components in a
visualization module 26 of the system 10.

The system 10 can further include a processor 18 config-
ured to receive data from the imaging module 16, compare
such absorbance/reflectivity data of various wavebands, and
utilize these comparisons as well as various other levels of
analysis for the purpose of classifying the area as lesion or
de novo tissue. The processor 18 can also generate a
combined image of the tissue by combining a plurality of
waveband specific images generated by the imaging module
16. Additionally, the processor 18 can apply some degree of
false-coloring (e.g., coloring, shading, brightening, etc.)
indicative of treatment status (e.g., lesion or de novo) to the
combined image. The system 10 can also include a video
monitor 20 configured to provide a real-time view of the
combined image as generated by the processor 18. Thus, the
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system 10 can provide real-time information indicative of
lesions and identifying those areas in need of treatment.

As shown, the system 10 can also include various other
optional components. For example, the system 10 can
include a mechanism 13 for providing heparinized saline
irrigation for a sheath of an endoscopic ablation catheter
system (discussed further below), a laser console 15 for
generating ablation energy, a cooling console 17, and/or a
syringe 19 for delivering fluid (e.g., D,O) to an inflation
balloon of the catheter system. Those skilled in the art will
appreciate that various alternative or additional components
are within the spirit and scope of the present disclosure.

Various embodiments of a reflectivity sensor 12 are within
the spirit and scope of the present disclosure. In general, the
reflectivity sensor 12 can be any component which is sized
and shaped so as to be delivered to a treatment site (e.g., via
a cardiac catheter) and further configured to detect light
reflected by the target tissue site, and also configured to
transit reflectivity/absorbance data to the imaging module
16. In an exemplary embodiment, the reflectivity sensor is a
fiber-optic endoscope.

FIG. 2 shows an exemplary embodiment of the fiber-optic
endoscope with enhanced field of view. The endoscope 12
includes a fiber bundle 30 within a protective polyimide tube
32 coupled to distal stainless steel tube 34 in which the
field-enhancing optics are disposed. Within the distal tube
34, an imaging lens 36, and an objective lens 40 are situated,
together with a centering and connecting tubes (e.g., tubes
35, 42) as may be needed to secure the lenses 36, 40 in place.

The endoscope 12 can have a wide field of view even
while it is immersed in liquid. For example, in use, the
endoscope 12 will typically be immersed in either physi-
ological saline (as is typically found in the inner lumen of a
catheter) or deuterium oxide which is one preferred medium
for filling a projection balloon (detailed below) coupled to a
catheter. Both of these liquids have essentially the same
index of refraction.

Referring again to FIG. 2, the lens system can be config-
ured to provide the desired field of view in such liquid
environments. That is, the lens system includes two plano-
convex lenses 36, 38 arranged as shown along with an
apertured window 44. High index of refraction materials are
preferably used for the lenses 36, 38. Suitable materials
include sapphire, cubic zirconia, or high index glass mate-
rials. All these materials are readily available as small
diameter spheres with optical quality surfaces. The spheres
can be made into hemispheres and the diameter of the
hemispheres are reduced using common lens grinding tech-
nology. The aperture can be constructed by metalizing one
surface of flat glass plate. The central aperture hole is created
by masking the flat glass before the metallization or remov-
ing the metallization with a laser.

The lens elements can be formed of various materials
and/or can have various dimensions. For example, sample
specifications for the lens elements are as follows:

TABLE 1
Lens Specifications

Element Spherical Overall Center
Name Material Radius Diameter  thickness
Object Lens Cubic Zirconia 0.200 mm  0.400 mm 0.244 mm

or high index glass
Image Lens  Saphire or high 0300 mm  0.400 mm 0.187 mm

index glass
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TABLE 1-continued

Lens Specifications

Element Spherical Overall Center
Name Material Radius Diameter thickness
Aperture Schott B270 Flat on both 0.400 mm 0.125 mm
Window Grade A glass Faces

0.060 mm

dia.

The lens system can be configured to have a field of view
of slightly larger than about 110° when immersed in water,
an f number of about 2.5, and a depth of field that provides
acceptable focus over a range of object distances from about
13 mm to about 40 mm. Acceptable focus is that degree of
focus that results in minimum resolvable spot diameters that
are close in size to about 5 microns, which is the size of the
individual fibers in the image bundle of the endoscope.

The lens elements can be assembled so the spherical
surfaces touch and therefore the elements are self-locating
when assembled in a small lens cell tube 38 with an inner
diameter just slightly larger than the outer diameter of the
lens elements. Once the lens cell is fabricated it is attached
to the image bundle using techniques common to those
skilled in the art. The general assembly can use precise
diameter tubes of polyimide whose dimensions can be
controlled very precisely and whose wall thicknesses can be
made very thin.

The ability have a field of view greater than about 50
degrees (and, preferably, in some applications, greater than
about 70 degrees, or about 90 degrees) can be beneficial
because of the geometry of the heart and the ablation
elements capable of being utilized in combination with the
reflectivity sensor 12. For example, visualization of an
ostium of a pulmonary vein through a transparent liquid
filled balloon typically requires a wide field of view. More-
over, an energy element and/or various expandable balloon
components of an ablation catheter, detailed below, must be
short due to the limited space available within the atrial
chamber. Such factors combine to require the endoscope 12
to be positioned close to the ostium of the pulmonary vein
thereby requiring a wide field of view to visualize the target
region and the endoscope’s and/or catheter’s position rela-
tive to the target region.

Referring back to FIG. 1, the system 10 also includes an
imaging module 16 in communication with the reflectivity
sensor 12, and configured to receive absorbance and/or
reflectivity signals/data from the sensor 12. In an exemplary
embodiment, the imaging module 16 can be specifically
tuned to detect amounts of light reflected by the tissue at a
plurality of predetermined wavebands which are selected
due to their ability to distinguish between a lesion and de
novo tissue. Additionally, the imaging module 16 can be
configured to generate a plurality of images based on these
plurality of predetermined wavebands. These images are
then assembled into a combined image by a processor,
detailed below, so as to provide a real time view of the
treatment site with indications as to which tissue areas are
lesions and which areas are in need of further treatment.

FIG. 3 is a schematic representation of various compo-
nents of an exemplary embodiment of the imaging module
16. As shown, the imaging module 16 includes an image
forming optics component 50 which is configured to receive
reflectivity/absorbance data from the reflectivity sensor 12,
as represented by an arrow between these components 12,
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50, and transmit the data into an image splitter 52. The
image splitter 50 can split the image into any number of
images as desired.

The image module 16 further includes a plurality of video
chips 54, 56, 58 for generating a corresponding number of
individual images which can later be combined by a pro-
cessor of the system (detailed below). Typically, the image
splitter 52 will split the image into a number of images
corresponding to the number of video chips. Thus, in the
exemplary embodiment of FIG. 3, the image splitter 52
splits the image into first, second, and third images directed
towards first, second, and third video chips 54, 56, 58,
respectively. Those skilled in the art will appreciate that any
number and/or type of video chips are within the spirit and
scope of the present disclosure.

In distinguishing lesions from de novo tissue, at least two
of the video chips 54, 56 are specifically tailored towards
specific wavebands such that an amount of light reflected at
first and second wavebands can be compared relative to one
another. As detailed below, the wavebands can be selected
such that this comparison can indicate whether or not the
target area is lesion or de novo tissue.

The video chips 54, 56, 58 can be tailored towards specific
predetermined wavebands in various manners. For example,
each chip 54, 56, 58 can be in communication with a distinct
bandpass filter 60, 62, 64 with each filter 60, 62, 64 being
tailored to a specific waveband of a certain width and
centered at a specific wavelength. Those skilled in the art
will appreciate that various types of such filters 60, 62, and
64 are within the spirit and scope of the present disclosure.

As indicated, at least two video chips, for example, the
first and second video chips 54, 56, can be tailored towards
first and second predetermined wavebands, respectively,
with the resulting data indicative of whether the tissue area
is a lesion or de novo tissue. The predetermined wavebands
can be determined by careful inspection of experimental
absorbance/reflectivity data.

FIG. 4 provides several visible light spectra collected for
untreated tissue (black lines) and lesions (gray lines).
Inspection of these spectra revealed various characteristics
of lesions and untreated tissue. First, the general shape of the
spectra are similar for both lesion and untreated tissue. That
is, both lesion and untreated tissue reflect light readily in the
waveband of about 425 nm to about 500 nm, and also readily
reflect light in the waveband of about 623 nm to the infrared
region beyond about 700 nm. Both lesion and tissue absorb
light in the range of about 525 nm to about 575 nm. This
general similarity in the shape of the spectra accounts for the
similar appearance of lesion and untreated tissue when
viewed with standard video equipment. However, closer
inspection of the spectra reveals that lesion spectra exhibit
two absorption valleys at about 540 nm and at about 576 nm,
and untreated tissue spectra exhibit a single absorption
valley at about 555 nm.

In utilizing this information, the image module 16 can be
configured to analyze spectra data for tissue to determine for
any given spectra, how much light there is in any specific
waveband. For example, FIG. 5 provides a representation of
the relative amount of light in each of four 40 nm wide
wavebands centered at 500 nm, 550 nm, 560 nm, and 600
nm for each of the spectra provided in FIG. 4. Forty nm wide
wavebands were selected because they are wide enough to
collect an adequate amount of light to create an image while
still being narrow enough to pick out subtle distinctions
between the lesion and de novo tissue spectra. Those skilled
in the art will appreciate that filters of various other bandpass
widths are within the spirit and scope of the present disclo-
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sure. As shown in FIG. 5, for lesions, the amount of light in
the waveband centered at about 550 nm is less than the
waveband centered at about 560 nm. Conversely, for all the
untreated (de novo) tissue spectra, the amount of light in the
waveband centered at about 550 nm is greater that that in the
waveband centered at about 560 nm.

Based on this experimental data, the chips 54, 56 and
corresponding bandpass filters 60, 62 can be configured to
distinguish lesions from de novo tissue. That is, the system
can include a first chip 54 in communication with a first
bandpass filter 60 which is a 40 nm wide filter centered at
about 550 nm, and a second chip 56 in communication with
a second bandpass filter 62 which is a 40 nm wide filter
centered at about 560 nm. The system can also include a
third chip 59 in communication with a third filter 64 wherein
the third filter 64 can be some other desired waveband, e.g.,
either in the blue band or in the red band. This third filter 64
provides a third color channel to create an image with more
or less natural color, and may not necessarily serve a role in
distinguishing lesion from untreated tissue. In use, a red
color band is preferred as a third bandpass filter 64 as such
a filter would allow facilitate viewing blood.

Referring again to FIGS. 1 and 3, the system 10 can also
include a processor 18 in communication with the imaging
module 16. More specifically, the processor 18 can be
configured to combine images from each of the individual
video chips 54, 56, 58 into a single, more or less natural
color combined image. The processor 18 can also be con-
figured to determine whether a target tissue is a lesion or
untreated tissue by comparing the light absorbed/reflected
by the tissue at a first, predetermined waveband as compared
to light absorbed/reflected by the tissue at a second, prede-
termined waveband.

In an exemplary embodiment, the processor 18 can be
configured to compare an amount of light reflected within
the 550 nm waveband (as imaged by the first chip 54) to the
amount of light reflected within the 560 nm waveband for
each pixel of the combined image. If the 560 nm band
exceeds the 550 nm band, the software can indentify the
pixel as a lesion, and the software can apply some false
coloring to the pixel. That is, the software can alter the data
for this pixel in some manner so that in the combined image,
displayed on a video monitor 20 of the system 10, the pixel
can be highlighted. Highlighting (i.e., false coloring) can
take the form of increasing or decreasing the brightness of
pixels identified as lesion or drawing contrasting borders
around all pixels identified as lesion. Conversely, if the 550
nm band exceeds the 560 nm band, the software can
indentify the pixel as untreated, de novo tissue.

FIG. 6 provides an example of a combined image gener-
ated by the processor 18 and displayed on a video monitor
20. In use, the video monitor 20 can be configured to receive
data from the processor 18 so as to provide a real-time image
of the treatment site during ablation. Referring to the
example of FIG. 6, the various components/modules of the
system provide an image from the perspective of inside an
ablation catheter, and looking along a longitudinal axis of
catheter, and into a pulmonary vein. As shown, the image
provides a user with a clear view of various target areas (e.g.,
partial ring-like regions extending along portions of the
ostium), and also provides false coloring indicative of the
treatment status. In this exemplary embodiment, the image
indicates 6 partial ring-like target areas with these substan-
tially over-lapping rings providing a circular lesion about the
ostium of the pulmonary vein. In use, the clinician can
immediately identify and distinguish between those areas
which have been treated and those areas in need of ablation.
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The above-described visualization and detection systems
can be introduced to the treatment site in various manners.
For example, in an exemplary embodiment, various com-
ponents of the system can be incorporated into and/or used
in conjunction with a catheter (e.g., a cardiac ablation
catheter). In general, the catheter can be any device config-
ured to provide access to the treatment site (e.g., the ostium
of the pulmonary vein). Typically, the catheter will have
proximal and distal ends with at least one lumen extending
therebetween. The lumen(s) can be configured to allow for
delivery of various instruments into communication with the
target site. For example, a reflectivity sensor, as described
above, can be sized and configured so as to be slidably
disposed within a lumen of the catheter thereby allowing the
sensor to be positioned at any location along the length of
the catheter so as to facilitate irradiating the target site. Also,
detailed below, an energy emitter can be slidably disposed
within the lumen so as to deliver ablation energy to various
target regions depending at least in part on the linear position
of the ablation element relative to the catheter.

FIG. 7 provides an exemplary embodiment of an ablation
catheter instrument 68 positioned adjacent an ostium 100 of
a pulmonary vein, and having an ablation/visualization
system 72 slidably disposed therein. As shown, the instru-
ment 68 can include an elongate catheter 14 having an
inflation balloon 76 coupled to the distal end of the catheter
14, and, upon inflation, the balloon 76 can be configured to
provide substantially constant contact points 102 between
portions of the balloon 76 and a circumference of the ostium
100 of the pulmonary vein. During an ablation procedure,
this continuous circumferential ring provides a target region
by removing blood from the area between the balloon and
the tissue. As shown in FIG. 6 above, the visualization
system 10 can provide a clinician with a real time view of
the contact area between the balloon 76 and the ostium 100,
as well as the treatment status of the various target sites (e.g.,
the partial rings shown in FIG. 6).

Additionally, the balloon 76 can have a shape configured
to facilitate the desired procedure. For example, as shown in
FIG. 7, the balloon 76 can have a tear-drop shape thereby
facilitating against over-insertion of the balloon 76 into the
pulmonary vein. The balloon 76 can also be formed of
various materials (including both compliant and non-com-
pliant materials). Various embodiments of such balloons are
detailed in Applicants’ co-pending patent applications U.S.
Ser. No. 10/357,156, filed Feb. 3, 2003, U.S. Ser. No.
11/504,354, filed Aug. 15, 2006, and U.S. Ser. No. 10/865,
558, filed Jun. 10, 2004, the entirety of each of these
applications being incorporated herein by reference.

FIGS. 8A and 8B also provide an example of a cardiac
ablation catheter 70 which includes both a reflectivity sensor
14 and an energy emitter 70 (i.e., an ablation/visualization
system 72) disposed therein. As shown, the reflectivity
sensor 14 resides in a first lumen, and the energy emitter 70
resides in a second lumen extending substantially parallel to
the first lumen. In some embodiments, not shown, the
illumination source can be disposed in yet another lumen of
the catheter. Each the reflectivity sensor 14 and the energy
emitter 70 can be slidably disposed within their respective
lumens thereby allowing each component 14, 70 to be
independently positioned at any location along the length of
the catheter 70. In certain ablation procedures, such as the
treatment of atrial fibrillation, the ability to independently
position these elements facilitates treatment by allowing
numerous regions to be treated and/or visualized without
moving the catheter 70.
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Various embodiments of the energy emitter 74 can be
incorporated into the cardiac ablation catheter 68. In general,
the energy emitter 74 can be any element capable of deliv-
ering an amount, power, configuration, and/or shape (e.g.,
partial ring, complete ring, spot) of ablation energy to a
target area. For example, as shown in FIG. 8A, the radiant
energy emitter 74 can include at least one optical fiber 110
in communication with an optical element(s) 112, 114,
which cooperate to deliver ablative light energy through the
instrument 68 to the target site. The catheter body 14,
projection balloon 76, and inflation/ablation fluids (if pres-
ent) are all preferably substantially transparent to the radiant
energy at the selected wavelength to provide a low-loss
transmission pathway from the ablation element 74 to the
target.

Various embodiments of the energy emitter 74 are dis-
closed in Applicants’ co-pending patent applications U.S.
Ser. No. 10/357,156, filed Feb. 3, 2003, U.S. Ser. No.
11/504,354, filed Aug. 15, 2006, and U.S. Ser. No. 10/865,
558, filed Jun. 10, 2004, the entirety of each of these
applications being incorporated herein by reference.

FIGS. 9A and 9B illustrate an advantage of an indepen-
dently positionable energy emitter 74 which is slidably
disposed within a lumen of the catheter 70. Because the
radiant energy emitter does not require contact with a target
tissue region and is, in fact, decoupled from the rest of the
instrument 68, the clinician is free to select a desired target
region by simply moving the emitter 74 within and relative
to the lumen of the catheter 70. As shown in FIG. 9A, the
radiant energy emitter 74 can be positioned to form a
ring-like lesion at a particular location by positioning the
radiant energy emitter 74 at the rear of the projection balloon
76—at a distance from the target tissue denoted as “C”.
Alternatively, a smaller ring-like lesion can be formed by
positioning the radiant energy emitter 74 closer to the front
of the projection balloon 76, as shown in positions “A” or
“B”. Smaller lesions can be preferably when the geometer of
the vein ostium presents a sharper change in diameter. Also,
it may be desirable to change the intensity of the emitted
radiation depending upon the distance it must be projected.
For example, a more intense radiant energy beam may be
desirable in the scheme illustrated in position “C” in com-
parison with position “A”.

Moreover, in some instances the geometries of the pul-
monary vein (or the orientation of the projection balloon
relative to the ostium) may be such that no single annular
lesion can form a continuous conduction block. Again, the
present invention provides a mechanism for addressing this
problem by adjustment of the location of the energy emitter
to form two or more partially circumferential lesions. As
shown in FIG. 9B, the devices of the present invention can
form a first lesion 130 and a second lesion 132, each in the
form of an arc or partial ring. Because each lesion has a
thickness (dependent largely by the amount of energy depos-
ited into the tissue) the two lesions can axially combine, as
shown, to form a continuous encircling or circumscribing
lesion that blocks conduction.

Referring back to FIG. 6, some ablation procedures
require an energy emitter 74 configured to deliver partial
rings and/or “spots” of ablative energy to any of a plurality
of target regions. That is, in the case of treating atrial
fibrillation, the energy emitter 74 can be configured to slide
and rotate relative to the substantially stationary catheter 14
so as to deliver a plurality of partial ring-like or spot lesions
to corresponding locations. This treatment can continue until
each of the plurality of treatment regions has been targeted
(i.e., ablated) thereby providing a continuous circumferen-
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tial lesion surrounding the pulmonary vein which is essen-
tially formed of a plurality of overlapping lesions.

FIG. 10 is a schematic block diagram illustrating the
visualization/ablation instrument 68 comprising a reflectiv-
ity sensor 12 and ablation element 74 connected to an
analyzer system. The analyzer system can include the imag-
ing module 16, discussed above, which can further be in
communication with a display module 20 (via a processor,
detailed above) for clinician viewing. The display 20 can be
a monitor or a heads-up projection onto glasses worn by
members of the surgical team.

The system can further include an energy source 144, a
controller 144, and/or a user interface 142. In use, the
illumination source (shown in FIG. 1) directs light to the
target site and the reflectivity sensor 12 detects and transfers
image data to/from the treatment to the image module 16 for
processing by the imaging module 16 and/or controller 140
to determine whether a suitable ablation path can be created.
In one embodiment, the system can further include an
aiming light source 146 which can also be used to visualize
the location where energy will be delivered to the tissue. If
a suitable ablation path is seen by the surgeon, the controller
140 can transmit radiant energy from the ablation element 74
to a target tissue site to effect ablation. The controller 140
can further provide simulated displays to the user, superim-
posing, for example, a predicted lesion pattern on the image
acquired by the imaging module 16 or superimposing
dosimetry information based on the lesion location. The
controller 140 can further include a memory for storing and
displaying data, such as pre-procedure images, lesion pre-
dictions and/or actual outcomes. The controller 140 can
further provide a safety shutoff to the system in the event
that a clear transmission pathway between the radiant energy
source and the target tissue is lost during energy delivery.

Additionally, various embodiments of methods for distin-
guishing lesions from de novo tissue during various ablation
procedures are provided herein. In an exemplary embodi-
ment, a method for treating atrial fibrillation is provided
which includes selecting and/or identifying a plurality of
partial ring-like tissue areas surrounding an ostium of a
pulmonary vein. These ring-like tissue areas are selected
such that, when taken together, the tissue areas form a
substantially continuous lesion around the ostium. Thus, the
tissue areas are typically over-lapping partial rings of tissue.

In use, the visualization system allows a user to accurately
identify the starting point and end point of a partial ring-like
tissue lesion. Thus, the user can begin a second lesion at the
end point of a first lesion thereby providing a continuous
circumferential lesion made up of a plurality of accurately
and efficiently delivered partial lesions.

The methods can utilize various embodiments of the
above-described visualization system to determine which if
a particular area is already a lesion (i.e., from a prior
treatment) or if the area is de novo tissue in need of
treatment. That is, the method can include irradiating the
area with light from a reflective sensor which is disposed
within a cardiac catheter, and analyzing the reflectivity/
absorbance data resulting from the irradiation by a imaging
module. As detailed above, the imaging module can detect
reflectivity data at least two pre-determined wavebands
(e.g., centered at about 550 nm and 560 nm, respectively)
wherein a processor can compare this information to deter-
mine if the tissue is a lesion or de novo tissue. The clinician
can then utilize this information (by viewing a real-time
video monitor) to ablate de novo tissue and/or to prevent
over-treatment of a lesion.



US 9,421,066 B2

13

Although described in connection with cardiac ablation
procedures, it should be clear that the instruments of the
present invention can be used for a variety of other proce-
dures where treatment with radiant energy is desirable,
including laparoscopic, endoluminal, perivisceral, endo-
scopic, thoracoscopic, intra-articular and hybrid approaches.

One skilled in the art will appreciate further features and
advantages of the invention based on the above-described
embodiments. Accordingly, the invention is not to be limited
by what has been particularly shown and described, except
as indicated by the appended claims. All publications and
references cited herein are expressly incorporated herein by
reference in their entirety.

What is claimed is:

1. A method of treating atrial fibrillation, comprising:

delivering a distal portion of an ablation catheter to a
position adjacent an ostium of a pulmonary vein;

irradiating a partial ring of tissue along the ostium via an
illumination source slidably disposed within a lumen of
the ablation catheter;

comparing a first amount of light reflected by the partial
ring of tissue at a first, predetermined wavelength to a
second amount of light reflected by the partial ring of
tissue at a second, predetermined wavelength;

classifying the partial ring of tissue as a lesion or as de
novo tissue if the first amount of light is less than or
greater than the second amount of light, respectively;
and

ablating the partial ring of tissue if classified as de novo
tissue.

2. The method of claim 1, wherein the first, predetermined

waveband is centered at about 550 nm, and the second
predetermined waveband is centered at about 560 nm.
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3. The method of claim 1, further comprising displaying
a real-time image of the tissue area with a type of false-
coloring indicative of a treatment status.

4. The method of claim 3, wherein the false coloring is
indicative of a lesion.

5. The method of claim 1, further comprising repeating
the irradiating, comparing, classifying, and ablating steps for
each of a plurality of partial rings of tissue thereby providing
a substantially continuous lesion around the ostium of the
pulmonary vein.

6. The method of claim 1, further comprising displaying
a real-time image of the ostium of the pulmonary vein on a
video monitor.

7. The method of claim 6, wherein the real-time image
indicates partial rings as lesions or as de novo tissue.

8. The method of claim 7, wherein lesions are indicated by
a type of false coloring.

9. The method of claim 6, wherein the image is taken
along a longitudinal axis of the catheter.

10. The method of claim 1, wherein the step of comparing
a first amount of light reflected by the partial ring of tissue
includes the use of a reflectivity sensor.

11. The method of claim 10, wherein the reflectivity
sensor comprises an endoscope.

12. The method of claim 10, further including an imaging
module that is in communication with the reflectivity sensor
and is configured to receive at least one of absorbance
signals/data and reflectivity signals/data from the reflectivity
Sensor.

13. The method of claim 12, further including an image
splitter that receives data from the reflectivity sensor and is
configured to split an image into a desired number of
images.
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