wo 2015/106335 A1 [N A0 R OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

23 July 2015 (23.07.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/106335 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
A6IM 25/10 (2013.01) A61B 18/02 (2006.01)

International Application Number:
PCT/CA2014/000885

International Filing Date:
15 December 2014 (15.12.2014)

Filing Language: English
Publication Language: English
Priority Data:

14/154,747 14 January 2014 (14.01.2014) US

Applicant: MEDTRONIC CRYOCATH LP [CA/CA];
199 Bay Street, Suite 5300, Toronto, Ontario M5L 1B9
(CA).

Inventors: MALLIN, George D.; 7803 Rue Marquette,
Montreal, Québec H2E 2E5 (CA). LUECKGE, Claudia;
260 Rue Colombier, L'Tle Bizard, Québec HOC 2C5 (CA).

Agent: MOFFAT & CO; P.O. Box 2088, Station D, Ott-
awa, Ontario K1P 5W3 (CA).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(54) Title: BALLOON CATHETER WITH FLUID INJECTION ELEMENTS

15

56

FIG. 3

15

54
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BALLOON CATHETER WITH FLUID INJECTION ELEMENTS
FIELD OF THE INVENTION

The present invention relates to a method and system for creating linear
lesions in a target tissue. Specifically, the invention relates to a cryoablation method
5 and system for creating radial-linear lesions to treat atrial fibrillation originating from

within or proximate a pulmonary vein.

BACKGROUND OF THE INVENTION
Minimally invasive surgical techniques are known for performing medical
procedures within the cardiovascular system, and a number of medical conditions may
10  be treated using ablative techniques and devices. For example, cryoablation, or the
removal of heat from body tissue to “stun” or kill the tissue cells, is one technique that
has proven effective in the treatment of many kinds of cardiac arrhythmias.
One such arrhythmia, atrial fibrillation, is a medical condition resulting from
abnormal electrical activity within the heart. This abnormal activity may occur at
15  regions of the heart including the sino-atrial (SA) node, the atrioventricular (AV)
node, the bundle of His, or within other areas of cardiac tissue. Moreover, atrial
fibrillation may be caused by abnormal activity within an isolated focal center within
the heart. These foci can originate within a pulmonary vein, and particularly the
superior pulmonary veins. Atrial fibrillation may be treatable by ablation of the
20  abnormal tissue within the left atrium and/or the pulmonary vein. In particular,
minimally invasive techniques, such as those described above, use ablation catheters
to target the pulmonary vein in order to ablate any identified foci having abnormal
electrical activity.
A procedure called pulmonary vein isolation (PVI) is commonly used to treat
25  atrial fibrillation. This procedure involves the use of a cryogenic device, which is
generally positioned at the ostium of a pulmonary vein (PV) such that any blood flow
exiting the PV into the left atrium (LA) is completely blocked. At this position the
cooling of the balloon system may be activated for a sufficient duration to create a
desired lesion at the PV-LA junction. If a cryoballoon is used as the treatment

30 element of the cryogenic device, the balloon is typically inflated using a fluid coolant,
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enabling the balloon to create a lesion about the ostium and/or antrum of the PV to
disrupt aberrant electrical signals exiting the PV. However, although this method may
be effective in treating atrial fibrillation in the short term, recent studies indicate that
long-term success ranges from about 70% to about 80%.

A newer method of treating atrial fibrillation is called PV antrum radial-linear
(PAR) ablation, and research indicates that this method may be more effective than
PVI. Instead of creating a circumferential lesion about the PV ostium and/or antrum
as in PVI, the PAR ablation technique involves the creation of one or more linear
lesions in different radial directions from one or more PV ostia into the PV/left atrium
(LA) junction. To create linear lesions of a sufficient depth to disrupt the aberrant
electrical signals, however, the treatment element of an ablation device such as a focal
catheter may have to be repeatedly traced over the linear lesions. This can be a time-
consuming process and user error may lead to non-linear lesions and ablation of non-
target tissue.

In view of the above, it is desirable to provide for an ablation device that can
be used to quickly and easily perform a PAR ablation procedure in the treatment of,
for example, atrial fibrillation.

SUMMARY OF THE INVENTION

The present invention advantageously provides a device, system, and method
for creating radial-linear lesions in tissue. In one embodiment, the device may
generally include a first balloon, a second balloon disposed about the first balloon,
and one or more splines disposed between the first balloon and second balloon, each
spline defining a plurality of ports. The one or more splines may be in fluid
communication with a first fluid supply, and the first balloon may be in fluid
communication with at least one of the first fluid supply and a second fluid supply.
Additionally the first balloon may be transitionable between an uninflated
configuration and an inflated configuration. The first fluid supply may be a coolant,
whereas the second fluid supply may be a coolant or a non-coolant inflation fluid.
The device may further include an elongate body and an elongate shaft disposed
within and extending distally from the elongate body. When the first balloon is in the
uninflated configuration, the one or more splines may have a substantially linear

configuration, and may be substantially parallel to the longitudinal axis of the shaft.
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Further, each of the one or more splines may be radially oriented about the elongate
shaft and transitionable between the substantially linear configuration and an arcuate
configuration. Each spline may have a distal portion and a proximal portion, with
both the distal portion and proximal portion being located within the first balloon.
The plurality of ports may be located on (or defined by) the distal portion of each
spline, the proximal portion of each spline, or along the length of the portion of spline
located within the first balloon.

In one embodiment, the system may generally include a cryoablation device
defining a longitudinal axis and including an elongate body having a distal portion
and a proximal portion, an elongate shaft disposed within the elongate body, the
elongate shaft having a distal portion and a proximal portion, a first balloon coupled
to the distal portion of the elongate shaft, a second balloon disposed about the first
balloon and being coupled to the distal portion of the elongate shaft and the and the
distal portion of the elongate body, and one or more splines disposed between the first
balloon and second balloon, each spline defining a plurality of ports. The system may
further include a control unit being in communication with the cryoablation device
and having a first fluid supply in fluid communication with the one or more splines.
The system may further include a second fluid supply in communication with the first
balloon. The first fluid supply may be a coolant and the second fluid supply may be
either a coolant or a non-coolant inflation fluid. The first fluid supply may also be in
fluid communication with the first balloon. The first and second balloons may define
an interstitial space therebetween, and fluid traveling from the first fluid supply may
exit the plurality of ports into the interstitial space.

In one embodiment, the method may generally include positioning a
cryoablation device in contact with pulmonary vein antrum tissue of a patient’s heart,
the cryoablation device having an elongate body having a distal portion, an elongate
shaft disposed within the elongate body, one or more conduits within the elongate
body and the elongate shaft, and a treatment element having an inner balloon coupled
to the elongate shaft and being in fluid communication with the one or more fluid
conduits within the elongate shaft, an outer balloon disposed about the inner balloon
and being coupled to the elongate shaft and the elongate body and being in fluid

communication with the one or more fluid conduits within the elongate body, and one
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or more longitudinal splines radially disposed between the inner balloon and the outer
balloon, each spline defining a plurality of ports, the one or more splines being in
fluid communication with a coolant source. The method may further include opening
the one or more fluid conduits within the elongate body to the coolant source, coolant
from the coolant source passing into the one or more splines and being ejected from
the one or more ports into an interstitial space defined between the inner balloon and
the outer balloon. The inner balloon may be in fluid communication with a fluid
source, and the method may further include positioning the cryoablation device within
a left atrium of the patient’s heart and opening the one or more fluid conduits within
the elongate shaft to the fluid source, fluid from the fluid source passing into and
inflating the inner balloon. Further, the one or more splines and the outer balloon
may be radially expanded about the inner balloon when the inner balloon is inflated.
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention, and the attendant
advantages and features thereof, will be more readily understood by reference to the
following detailed description when considered in conjunction with the accompanying
drawings, which may not be drawn according to scale, wherein:

FIG. 1 shows an exemplary medical system including a cryoablation device in
accordance with the present invention

FIG. 2 shows a partial cross-sectional view of a distal portion of a cryoablation
device in an uninflated configuration;

FIG. 3 shows a cross-sectional view of a distal portion of a first exemplary
embodiment of a cryoablation device in an inflated configuration;

FIG. 4 shows a close-up view of a portion of a spline;

FIGS. 5A and 5B show alternative configurations of coolant ejection ports on
a spline;

FIG. 6A shows a first cross-sectional view of a fluid delivery conduit in the
distal portion of a cryoablation device;

FIG. 6B shows a second cross-sectional view of a fluid delivery conduit in the
distal portion of a cryoablation device;

FIG. 7 shows a front view of a cryoablation device treatment element;
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FIG. 8 shows a cryoablation device in an uninflated configuration within the
left atrium;

FIG. 9 shows the cryoablation device of FIG. 5 in an inflated configuration
within the left atrium;

FIG. 10 shows the cryoablation device of FIGS. 5 and 6 in contact with a
pulmonary vein ostium and the treatment element activated; and

FIGS. 11A and 11B shows an exemplary configuration of radial-linear lesions
about the left superior pulmonary vein (LSPV), left inferior pulmonary vein (LIPV),
right superior pulmonary vein (RSPV), and right inferior pulmonary vein (RIPV).
DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawing figures in which like reference designations
refer to like elements, an embodiment of a medical system constructed in accordance
with principles of the present invention is shown in FIG. 1 and generally designated
as “10.” The system 10 generally includes a medical device 12 that may be coupled to
a control unit 14 or operating console. The medical device 12, for example, a
cryoablation device as shown in FIG. 1, may generally include an elongate body 15
and one or more diagnostic or treatment elements 16 for energetic, therapeutic and/or
investigatory interaction between the medical device 12 and a treatment site. For
example, the treatment element 16 may include an inner balloon 18, an outer balloon
20, and one or more splines 22 disposed between the inner 18 and outer balloons 20.
The treatment element 16 may deliver, for example, cryogenic therapy to a tissue area
in proximity to a treatment region, including cardiac tissue and/or pulmonary vein
tissue.

The system 10 may include one or more treatment or diagnostic sources
coupled to the device 12 for use in an operative procedure, such as tissue ablation.
For example, the control unit 14 may include a fluid supply 24 including one or more
reservoirs for one or more coolants, cryogenic refrigerants, or the like, an exhaust or
scavenging system for recovering or venting expended fluid for reuse or disposal
(including, for example, a recovery reservoir 26 and pump 28), as well as various
control mechanisms. The control unit 14 may also include an additional fluid supply

30 including a reservoir containing a non-coolant liquid, gas, or combination liquid
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and gas used to inflate an inner balloon 18 of the device 12, referred to as “inflation
fluid.” In addition to providing an exhaust function for the fluid or coolant supply,
the control unit 14 may also include pumps 28, valves, controllers or the like to
recover and/or re-circulate fluid delivered to various fluid pathways of the medical
device 12. A vacuum pump 28 in the control unit 14 may create a low-pressure
environment in one or more conduits within the medical device 12 so that fluid is
drawn into the conduits/lumens of the elongate body 15, away from the distal portion
and toward the proximal portion of the elongate body 15.

The control unit 14 may also include one or more components for the manual
and/or automatic regulation of the system, such as a computer 32 having a processor
34 for executing one or more algorithms for the automatic regulation of the device 12
before, during, and after an ablation procedure. For example, the processor 34 may be
programmable to inflate and deflate one or more cryoballoons of the treatment
element (such as according to a user-programmed duty cycle or an automated duty
cycle), to regulate temperature of the treatment element, and/or to receive and
interpret mapping or sensor signals from the cryoablation device 12 or another device
used as part of a medical procedure. Although various system components may be
shown and described herein as being within the control unit 14, the term “control
unit” as used herein refers to any system component other than the cryoablation
device 12 and other devices that are passed into the patient to perform the medical
procedure, regardless of whether the components are physically located within the
control unit 14.

Continuing to refer to FIG. 1, the medical device 12 may include an elongate
body 15 passable through a patient’s vasculature and/or proximate to a tissue region
for diagnosis or treatment, such as a catheter, sheath, or intravascular introducer.
Accordingly, the elongate body 15 may be composed of a biocompatible material that
is sufficiently flexible to safely pass through tortuous pathways of the patient’s
vasculature. The elongate body 15 may define a proximal portion 36 and a distal
portion 38, and may further include one or more lumens or conduits disposed within
the elongate body 15 thereby providing mechanical, electrical, and/or fluid
communication between the proximal portion of the elongate body 15 and the distal

portion of the elongate body 15, as discussed in more detail below. The proximal
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portion 36 of the elongate body 15 may include a handle 40 having one or more
knobs, levers, connectors, umbilicals, and other components used for steering,
manipulating, and operating the device 12 and connecting the device 12 to the control
unit 14.

The medical device 12 may further include an elongate shaft 42 at least
partially disposed within a portion of the elongate body 15. The shaft 42 may extend
or otherwise protrude from a distal end of the elongate body 15, and may be movable
with respect to the elongate body 15 in longitudinal and rotational directions. That is,
the shaft 42 may be slidably and/or rotatably moveable with respect to the elongate
body 15. Alternatively, the shaft 42 may be affixed or coupled to the elongate body
15 such that the shaft 42 has a fixed position and is not slidably and/or rotatably
moveable with respect to the elongate body 15. Further, the shaft 42 may be as
flexible, more flexible, or less flexible than the elongate body 15. For example, if it is
desirable to provide a device with a distal portion that is more easily steerable or
bendable than the elongate body, then the shaft 42 may be more flexible (that is, be
composed of a material having a lower flexural modulus) than the elongate body 15.
Conversely, if a more rigid distal portion is desired, the shaft 42 may be less flexible
or more rigid (that is, be composed of a material having a higher flexural modulus)
than the elongate body 15.

The shaft 42 may include or define an inner balloon fluid delivery lumen or
conduit that is in fluid communication with the coolant supply 24 to deliver a fluid
from the proximal portion 36 of the elongate body 15 and/or the control unit 14 to the
distal portion 38 of the elongate body 15 and/or treatment region 16 of the device 12.
Additionally or alternatively, the inner balloon fluid delivery conduit may be in fluid
communication with an inflation fluid reservoir 30 containing a non-coolant fluid
(liquid, gas, or combination thereof). The shaft 42 may also include or define an inner
balloon fluid recovery conduit that is in fluid communication with the scavenging
system. Further, the shaft 42 may include one or more fluid ejection ports 48 for
expelling fluid into the inner balloon 18 of the treatment element and one or more
fluid recovery ports 50 for removing expended coolant and/or inflation fluid from the

inner balloon 18.
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The treatment element 16 may be located at a distal end 52 of the device 12.
As shown in FIG. 1, for example, the device 12 may include a treatment element 16
having an inner cryobalioon 18 (which may be referred to simply as “inner balloon”)
and an outer cryoballoon 20 (which may be referred to simply as “outer balloon™).
The inner balloon 18 may include a proximal portion 54 and a distal portion 56, and
may define an interior chamber or region 58 that contains coolant or fluid dispersed
from the inner balloon fluid delivery conduit defined by or located in the shaft 42, and
may be in fluid communication with the inner balloon fluid recovery conduit defined
by or located in the shaft 42 for the removal of expended coolant or inflation fluid
from the interior 58 of the inner balloon 18. In the non-limiting embodiment shown
in FIGS. 1 and 3, the proximal portion 54 of the inner balloon 18 may be coupled to
the distal portion 60 of the shaft 42. In the embodiment shown in FIG. 3, the
proximal portion 54 of the inner balloon 18 may be coupled to the shaft 42 at a
location that is a distance from the distal portion 38 of the elongate body 15, whereas
in the embodiment shown in FIG. 1, the proximal portion 54 of the inner balloon 18
may be coupled to the shaft 42 at a location that is proximate the distal portion 38 of
the elongate body 15. In either configuration, the distal portion 56 of the inner
balloon 18 may also be coupled to the distal portion 60 of the shaft 42 (as shown in
FIGS. 1 and 3), proximate a distal tip 64 of the device 12.

The outer balloon 20 may be disposed about the inner balloon 18. Like the
inner balloon 18, the outer balloon 20 may include a proximal portion 66 and a distal
portion 68, and may define an interior chamber or region 70 within which the inner
balloon 18 is located. The outer cryoballoon 20 may be in fluid communication with
an outer balloon coolant delivery conduit 72 defined by or located in the elongate
body 15 for delivering coolant from the coolant supply 24 to the outer balloon 20.
For example, the outer balloon coolant delivery conduit 72 may be in fluid
communication with the one or more splines 22 (as shown in FIGS. 5B and 6B).
Alternatively, the one or more splines 22 may extend within the entire, or
substantially the entire, length of the elongate body 15, and each spline 22 may be in
fluid communication with the coolant supply 24 (as shown in FIGS. 5A and 6A). In
that case, the bundle of spline 22 portions disposed within the elongate body 15 may

be referred to as the coolant delivery conduit 72. The outer cryoballoon 20 may also
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be in fluid communication with a fluid recovery conduit 74 defined by or located in
the elongate body 15, which may be in fluid communication with the exhaust or
scavenging system for the removal of expended coolant or inflation fluid from the
interior of the outer balloon 20. The proximal portion 66 of the outer balloon 20 may
be coupled to the distal portion 38 of the elongate body 15 and the distal portion 68 of
the outer balloon 20 may be coupled to the distal portion 60 of the shaft 42, proximate
the distal tip 64 of the device 12.

The proximal 54, 66 and distal portions 56, 68 of both the inner 18 and outer
20 balloons may be coupled to the shaft 42 or elongate body 15 using, for example, a
biocompatible adhesive. The outer balloon 20 may further include one or more layers
providing for puncture resistance, radiopacity, or the like, and may also be
substantially electrically insulative. The inner balloon 18 and outer balloon 20 may
be composed of a non-compliant or semi-compliant material (for example,
polyethylene terephthalate [PET] or nylon). Alternatively, the outer balloon 20 may
be composed of a non-compliant or semi-compliant material whereas the inner
balloon 18 may be composed of a compliant material (for example, polyurethane [PU]
or nylon elastomers).

The device 12 may further include one or more elongate fluid injection
elements, such as splines 22, disposed about the inner balloon 18 and within the outer
balloon 20. For example, an interstitial space 76 may be defined between the inner
balloon 18 and the outer balloon 20, in which the one or more splines 22 may be
located. In the non-limiting example shown in FIG. 5, the device 12 may include four
splines 22. Each spline 22 may define a lumen 78 that is in fluid communication with
the coolant supply 24, such that the outer balloon 20 is in fluid communication with
the coolant supply 24 through the one or more splines 22. Each spline 22 may define
a plurality of coolant ejection ports 80. Coolant ejected from the plurality of ports 80
into the interstitial space 76 between the balloons may not only cause the formation of
a linear lesion in the tissue with which the treatment element is in contact, but may
also cause the outer balloon 20 to inflate (for example, as shown in FIG. 3).

Expended coolant within the interstitial space 76 may be recovered through the outer

balloon fluid recovery conduit 74 (for example, as shown in FIG. 5A).
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The one or more splines 22 may be longitudinally positioned such that when
the treatment element 16 is in an uninflated configuration each spline 22 is
substantially parallel to the longitudinal axis 82 of the device 12 (as shown in FIG. 2).
Further, the one or more splines 22 may be radially arranged about the inner balloon
18 and the longitudinal axis 82 of the device 12. As shown in FIG. 1, for example,
the elongate body 15 and the shaft 42 may share the same longitudinal axis 82.
Further, the one or more splines 22 may be composed of a deformable biocompatible
material, giving the spline(s) the ability to conform to the shape of the inner balloon
18 as the inner balloon 18 is inflated and deflated. That is, inflation of the inner
balloon 18 may cause the one or more splines 22 and the outer balloon 20 to radially
expand.

As shown in FIG. 4, the plurality of ports 80 in each spline 22 may be
symmetrically positioned about the longitudinal axis 82 of the spline 22. In the non-
limiting example shown in FIG. 4, each spline 22 may include a plurality of sets of
three ports 80, the three ports 80 being located on the circumference of the spline 22
at approximately 0°/360°, approximately 120°, and approximately 240°. This may
create three rows of ports 80 being located on the circumference of the spline 22 at
approximately 0°/360°, approximately 120°, and approximately 240°. However, it
will be understood that any number and configuration of ports may be used. Further,
at least one port on each spline 22 may be oriented toward an inner surface 83 of the
outer balloon 20, such that coolant exiting the at least one port 80 impinges on the
outer balloon 20 inner surface 83, a configuration that may also be described herein as
one or more ports 80 impinging on the inner surface 83 of the outer balloon 20. The
pattern of impingement on the inner surface 83 of the outer balloon 20 may cause a
reduction in temperature in a corresponding pattern on the outer surface 84 of the
outer balloon 20 (referred to as “ablation pattern” on the outer balloon 20). So, if'a
row of ports 80 impinges on the inner surface 83 of the outer balloon in a linear
pattern, a corresponding linear ablation pattern on the outer surface 84 of the outer
balloon 20.

Still further, as shown in FIGS. 5A and 5B, and referring to FIG. 3, the ports
80 may be in various locations on each spline 22. In the non-limiting example shown

in FIG. 3, the plurality of ports may be located along the entire length of the spline 22
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that is disposed within the chamber 58 of the inner balloon 18. Conversely, the
plurality of ports 80 may be located on the distal portion 84 (as shown in FIG. 5A) or
proximal portion 86 (as shown in FIG. 5B) of the portion of each spline 22 that is
disposed within the chamber 58 of the inner balloon 18. The distal portion 84 of each
spline 22 may be coupled to the distal portion 60 of the shaft 22 and the proximal
portion 86 of each spline 22 may extend into the elongate body 15, where the
proximal portion 86 may be coupled to the coolant delivery conduit 72.

The fluid flowpaths (also referred to as “conduits™) throughout the device 12
and system 10 (for example, between the control unit 14 and the treatment element
16) may include one or more valves 88 or other devices for regulating the flow of
coolant, non-coolant inflation fluid, and/or other fluids through the system 10 and
device 12. The one or more valves 88 may be operated either manually or
automatically based at least in part on measurements taken by device components
such as temperature sensors, pressure sensors, timers, mapping elements, and the like
(not shown). Further, each fluid flowpath may be independently regulated, such as by
opening and closing one or more valves 88 in the flowpath. For example, one or more
valves 88 may be operated as required and/or according to an automatic duty cycle
controlled by a processor 34 within a computer 32 of the control unit 14 to regulate
inflation of the treatment element, lesion depth and configuration, and temperature of
the treatment element and its capacity to remove heat from the target tissue.

Referring now to FIGS. 6A and 6B, cross-sectional views of fluid delivery
conduits in the distal portion 52 of a cryoablation device 12 are shown. The cross-
sectional view of FIG. 6A is taken along line 6-6 shown in FIG. 5A, whereas the
cross-sectional view of FIG. 6B is taken along line 6B-6B of FIG. 5B. As shown in
FIGS. 5A and 6A, each spline may pass through the entirety or substantially the
entirety of the elongate body 15. Each spline 22 may be in fluid communication with
the coolant supply 24, either individually or through a manifold or coupling element
89. In that case, the bundle of spline 22 portions disposed within the elongate body
15 may be referred to as the outer balloon coolant delivery conduit 72. Although the
shaft 42 cross section is shown in FIG. 6A as being solid for simplicity, the shaft 42

may include one or more lumens therethrough, such as a guide wire lumen.
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As shown in FIGS. 5B and 6B, the splines 22 may be in fluid communication
with the outer balloon fluid delivery conduit 72, for example, within the distal portion
38 of the elongate body 15. The one or more splines 22 may be joined to the outer
balloon fluid delivery conduit 72 at a coupling element 90. The coupling element 90
may be disk shaped and may include one or more openings, each sized to allow a
spline 22 to pass therethrough. Each spline 22 may terminate inside the delivery
conduit 72, either proximate the coupling element 90 or at a distance from the
coupling element 90. Fluid may pass from the fluid delivery conduit 72 into the
lumen 78 of each spline 22. Further, each opening in the coupling element 90 may
have a diameter that is slightly wider than the outer diameter of each spline 22, such
that fluid does not escape from the fluid delivery conduit 72 as it passes into the
splines 22. Although the shaft 42 cross section is shown in FIG. 6A as being solid for
simplicity, the shaft 42 may include one or more lumens therethrough, such as a guide
wire lumen.

Referring now to FIG. 7, a front view of a distal portion 52 of a cryoablation
device 12 is shown. The treatment element 16 may include four splines 22 radially
arranged about an inner balloon 18 and disposed between the inner balloon 18 and the
outer balloon 20. Although four splines 22 are shown in FIG. 7, it will be understood
that any number of splines 22 may be used. As a non-limiting example, one, two,
three, five, or six splines 22 may be used. Further, when the inflated treatment
element 16 is viewed from the front, as shown in FIG. 7, each spline 22 may extend
radially from the shaft 42 at approximately a 90° angle. However, each spline 22 may
extend radially from the shaft 42 at an angle that is more or less than 90°. As a non-
limiting example, each spline 22 may extend at an angle that is between
approximately 45° and approximately 135°. The inner balloon 18 may be inflated by
the ejection of coolant or non-coolant inflation fluid delivered by the inner balloon
fluid delivery conduit, and the outer balloon 20 may be inflated by the ejection of
coolant from the plurality of coolant ejection ports 80 defined by the one or more
splines 22. The outer diameter Do of the outer balloon 20 may depend, at least in
part, on the material from which the outer balloon 20 is composed. For example, a

non-compliant balloon may have a maximum outer diameter when fluid is ejected
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from the one or more splines 22 that is less than the maximum outer diameter of a
highly compliant balloon.

Referring now to FIGS. 8-10, a sequence of events in a cryoablation procedure
is shown. In FIG. 8, the device 12 has been delivered to the left atrium (LA) of the
patient’s heart. For example, a sheath (not shown) may be passed through the
patient’s vasculature into the right atrium (RA) of the heart, such as by using femoral,
brachial, or radial access. Once within the RA, a separate device (not shown) may be
passed through the sheath and used to puncture the septum between the RA and LA.
The puncture device may then be removed from the sheath and the patient’s body, and
the device 12 described herein may be passed through the sheath and into the LA.
However, it will be understood that other methods of obtaining access to the LA may
be used. As shown in FIG. 8, the device 12 may be passed through the patient’s
vasculature and into the LA with the treatment element 16 in an uninflated
configuration.

As shown in FIG. 9, the inner balloon 18 of the treatment element 16 may be
inflated once the device 12 is within the LA. For example, the flow of coolant or non-
coolant fluid from the coolant supply 24 or the non-coolant supply 30 of the control
unit 14 may be initiated. The ejection of this fluid into the chamber 58 of the inner
balloon 18 may inflate the inner balloon 18 and, therefore, may likewise expand the
outer balloon 20 and the one or more splines 22. As the inner balloon 18 inflates, the
one or more deformable splines 22 may bend to conform to the increasing curvature
of the inner balloon 18. As shown in FIG. 3, for example, inflation of the inner
balloon 18 may cause the one or more splines 22 to transition from a linear
configuration that is substantially parallel to the longitudinal axis of the device 12 to
an arcuate, radially expanded configuration in which each spline 22 bows outward
from the longitudinal axis of the device (for example, the one or more splines 22 may
bow outward with respect to the shaft 42). The inner balloon 18 may be inflated
before the flow of coolant from the one or more splines 22 between the inner 18 and
outer 20 balloons is initiated from the coolant supply 24 of the control unit 14.

As shown in FIG. 10, the device 12 may be positioned in the LA such that at
least a portion of the treatment element 16 is placed in contact with the target tissue.

The target tissue may include a pulmonary vein ostium, antrum, and/or heart wall.
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For example, at least a portion of the length at least one spline 22 may be placed in
contact with an area of target tissue through the outer balloon 20. If the device 12
includes more than one spline 22, one or more valves and/or other fluid control
components may be used to selectively deliver coolant to fewer than all of the splines
22. The size, length, depth, and pattern of lesion(s) 110 created in the target tissue
may depend on, for example, the number of splines in the treatment element, the
number and location of the splines to which coolant is selectively delivered, and/or
the number and location of the fluid ejection ports. It will be understood that the
treatment element may cause the formation of linear lesions on the target tissue even
when the inner balloon 18 is inflated and the one or more splines 22 have been
transitioned to an arcuate configuration (for example, as shown in FIG. 3). This may
be because the anatomy of the target tissue is also curved to be in contact with at least
a portion of one or more splines, because the inflated treatment element may be
slightly compressed by its contact with the target tissue to conform to the shape of the
target tissue, and /or because a user may position the treatment element such that at
least a portion of at least one spline is in contact with the target tissue.

Referring now to FIGS. 11A and 11B, non-limiting examples of radial-linear
lesions 110 are shown. Before beginning a PAR ablation procedure, the morphology
of the pulmonary veins may be determined using an imaging technique, such as
computed tomography angiography. Additionally, tissue within each pulmonary vein,
tissue of the antrum, and/or tissue in other areas within the LA may be mapped before
the procedure to determine optimal lesion locations. Optionally, imaging technique
(for example, venography or computed tomography angiography) may be used during
the procedure. The desired pattern of lesions 110 may be determined based on
imaging and mapping conducted before the procedure. A cryoablation device having
a suitable number and configuration of splines 22 may be selected. Alternatively, a
single device may be used for all procedures, with the ejection of coolant from the
splines 22 being controlled to create the desired pattern of lesions. For example, to
create a pattern of lesions about the RSPV as shown in FIG. 11A, coolant may be
selectively ejected from three of, for example, four splines 22. Although it may be
possible to create all desired linear lesions simultaneously, the treatment element may

also be rotated with respect created lesions to position the splines 22 for the creation
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of additional linear lesions. For example, if a device 12 includes four splines 22
separated from each other by approximately 90° but mapping and/or imaging
indicates that it would be beneficial to create two linear lesions that are close together,
the treatment element may be activated to create a first linear lesion or a first set of
linear lesions, then rotated by the appropriate degree to position the splines 22 to
create a second linear lesion or a second set of linear lesions. As shown in FIGS. 11A
and 11B, an optimal ablation pattern may include lesion lines that radially extend
from a pulmonary vein at an angle that is more (for example, o) or less (for example,
ap) than 90° (for example, o3).

It will be appreciated by persons skilled in the art that the present invention is
not limited to what has been particularly shown and described herein above. In
addition, unless mention was made above to the contrary, it should be noted that all of
the accompanying drawings are not to scale. A variety of modifications and
variations are possible in light of the above teachings without departing from the

scope and spirit of the invention, which is limited only by the following claims.
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What is claimed is:

1. A medical device comprising:
a first balloon;
a second balloon disposed about the first balloon; and
one or more splines disposed between the first balloon and second
balloon, each spline defining a plurality of ports.

2. The medical device of Claim 1, wherein the one or more splines are in
fluid communication with a first fluid supply.

3. The medical device of Claim 2, wherein the first balloon is in fluid
communication with at least one of the first fluid supply and a second fluid supply,
the first balloon being transitionable between an uninflated configuration and an
inflated configuration.

4. The medical device of Claim 3, wherein the first fluid supply includes
a coolant and the second fluid supply includes a coolant.

5. The medical device of Claim 3, wherein the first fluid supply includes
a coolant and the second fluid supply includes a non-coolant inflation fluid.

6. The medical device of Claim 3, wherein the one or more splines have a
substantially linear configuration when the first balloon is in the uninflated
configuration.

7. The medical device of Claim 6, further comprising an elongate body
and an elongate shaft disposed within and extending distally from the elongate body,
wherein the shaft defines a longitudinal axis, the one or more splines being
substantially parallel to the longitudinal axis of the shaft when the first balloon is in
the uninflated configuration.

8. The medical device of Claim 6, wherein each of the one or more
splines are radially oriented about the elongate shaft and transitionable between the
substantially linear configuration and an arcuate configuration.

9, The medical device of Claim 8, wherein each spline has a distal
portion and a proximal portion, both the distal portion and proximal portion being
located within the first balloon.

10.  The medical device of Claim 9, wherein the plurality of ports is located

on the distal portion of each spline.
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11.  The medical device of Claim 9, wherein the plurality of ports is located
on the proximal portion of each spline.

12.  The medical device of Claim 3, further including a control unit being
in communication with the at least one of the first fluid supply and a second fluid

5 supply, and were in the control unit regulates the flow of fluid into at least one of the
first balloon and the second balloon.

13. The medical device of Claim 3, wherein the first and second balloons
define an interstitial space therebetween, and wherein fluid flowing within the first
fluid supply exits the plurality of ports into the interstitial space.

10
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