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(57) Abstract: Embodiments related to cryogenically ablating a vessel wall in a partial circumferential, non-continuous, or helical
ablation pattern are disclosed. A catheter is disclosed that includes a cryoballoon for ablation of the vessel wall. A radially expand -
able insulative element is disposed over the cryoballoon to shield non-targeted tissue of the vessel wall from the cryoballoon and
prevent ablation of the non-targeted tissue. Partial circumferential, non-continuous, and helical ablation can be effective for treating
a variety of renal, cardio-renal, and other diseases including but not limited to hypertension, heart failure, renal disease, renal failure,
contrast nephropathy, arrhythmia, and myocardial infarction. The insulative element may be, for example, a sheath component hav -
ing opening(s) formed therethrough or may be an outer balloon within which the cryoballoon is disposed.
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APPARATUS AND METHODS RELATED TO SELECTIVE THERMAL
INSULATION OF CRYOGENIC BALLOONS FOR LIMITED
CRYOGENIC ABLATION OF VESSEL WALLS

CROSS REFERENCE TO RELATED APPLICATION

061} This disclosure claims the benefit of U.S. Provisional Application No.

61/572,287, filed April 25, 201 1, which is incorporated herein by reference in its entirety.
TECHNICAL FIELD

1662} The present technology relates in general to cryotherapy, and in particular, to
apparatus and methods for cryogenically cooling a targeted arca of an inner surface of an

anatomical vessel or other tissue.
BACKGROUNMND

[00463] Cryotherapy can be a useful treatment modality in a wide range of catheter-
based imterventional procedures. For example, cryotherapeutic cooling can be used to
maodulate nerves or affect other tissue proximate anatomical vessels (e.g., blood vessels, other
body lumens, or other areas in the body). This can reduce undesirable neural activity to
achieve therapeutic benefits. Catheter-based neuromodulation utilizing cryotherapy can be
used, for example, to modulate nerves and thereby reduce pain, local sympathetic activity,
systemnic sympathetic activily, associated pathologies, and other conditions. Furthermore,
cryotherapy can be used, for example, for ablating tumors and treating stenosis. In some
cryotherapeutic procedures, it can be useful to deliver cryotherapy via a balloon that can be
expanded within an anatomical vessel.  Such balloons can be operatively connected to
extracorporeal support components (e.g., refrigerant supplies). As the applicability of
cryotherapy for surgical intervention continues to expand, there is a need for innovation in
the assoctated devices, systems, and methods. Such innovation has the potential to further

expand the role of cryotherapy as a tool for improving the health of patients.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0064} Many aspects of the present disclosure can be better understood with reference
to the foliowing drawings. The components in the drawings are not necessarily fo scale.

Instead, emphasis is placed on thustrating clearly the principles of the present technology.
[B005] FiG. 1 is a partially schematic isometric detatl view of a common location of
neural fibers proximate an artery.

[G806] FiG. 7 18 a side view of a cryotherapy catheter having a cryoballoon at the distal

end thereof, wherein the cryoballoon is in an expanded configuration.

je0e7] FIG. 2A 1s a cross-sectional view taken along Hne A-A of FIG. 2.

[BOG8] FIG. 2B is a sectional view taken along line B-B of FIG, 2.

[BBGY] FIG., 20 4s a cross-sectional view taken along Ine C-C of FIG. 2.

6016} FIG. 3 18 a mide view of a distal portion of a sheath component disposed over the

cryoballoon of FIG. | for shielding non-targeted tissue from the cryoballoon in accordance
with an embodiment hereofl

[G011] FIG. 4 s a side view of a distal portion of a sheath component for shielding non-
targeted tissue from a cryoballoon according to another embodiment hereof.

16612} FIG. $ 18 a side view of a dual balloon catheter having an insulative outer
balloon with an inner cryoballoon, wherein the outer balloon shields non-targeted tissue from

the cryoballoon.

881 3] FIG. SA is a cross-sectional view taken along Hne A-A of FIG. 5.
{014} FIG. 5B is a partially schematic cross-sectional view of an artery having the

msulative cuter balloon and inner cryoballoon of FIG. 5 deployed therein.

[6015] FIG. 6 is a side view of a distal portion of a dual balloon assembly according to

another embodiment hereof.

16016} FIG. 7 is a side view of a distal portion of a dual balloon assembly according to
another embodiment hereof, wherein an inner cryobalioon has two expandable portions

serially disposed along a length thereof

{6617} FIG. 8 is a side view of a distal portion of a dual balloon assembly according to
another embodiment hereof, wherein an inner cryobalioon has two expandable portions

2
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serially disposed along a length theveof with the expandable portions having mflated

configurations that are radially offset from cach other.
BETAILED DESCRIPTION

[B018] Specific embodiments of the present technology are now described with
reference to the figures, wherein like reference numbers indicate identical or fimetionally
similar elements. The terms “distal” and “proxamal” are used in the following description
with respect to a position or direction relative to the treating clinician. “Distal” and “distally”
refer to positions distant {rom or m a divection away from the chinician. “Proximal” and

“proximally” refer to positions near ot 1n a direction toward the chnician.

[6019] The following detailed description discloses specific examples of the
technology, but it is not intended to hmut the present technology or the application and uses
of the present technology. For example, although the description discloses the present
technology in the context of treatment of blood vessels, such as the coronary, carotid, and
renal arteries, the present technology may also be used in any other body passageways or
tissues where it is deemed useful.  Furthermore, there is no iniention to be bound by any

expressed or implied theory presented herein.

{8326 In recent years, ablation of tissue has been used to modulate neural fibers that
contribute to renal function.  Ablation may be accomplished in various ways, including
delivery of radic frequency (RF} energy, other suntable heating energies, or cryvotherapy.
Modulation of renal nerves is expected to be useful in treating a variety of renal, cardio-renal,
and other discases including heart failure, renal disease, renal fajlure, hypertension, contrast
nephropathy, arrhythmia, and myocardial infarction.  Furthermore, renal nesromodulation is
expected to reduce renal sympathetic nervous activity, which can increase removal of water
and sodium from the body and return renin secretion to more normal levels. Normabzed
renin secretion can cause blood vessels supplying the kidneys to assume a steady state level

of dilation and constriction corresponding to adequate venal blood Jow.

[B021] In newromodulation procedures, it may be desirable to perform circumferential
ablation that extends continuously about a full 360° of the circurnference of an anatormical
vessel o positively affect a medical condition. For example, in the treatment of atrial
fibrillation or other arrhythmia, a circumferential treatment may be achieved by forming a

circamferential lesion that is continuous completely about a normal cross-section of the
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pulmonary vem to disrapt aberrant electrical signals. In the treatment of heart failure, a
circumferential treatment may be achieved by forming a similar continuous circumferential
lesion that 18 continuous completely about a normal cross-section of a renal artery to reduce
renal sympathetic neural activity. However, in soroe cases, it can be desirable to reduce
sirictiral changes 1o a blood vessel and avoid a circumferental ablation lesion along a single
radial plane or cross-section of a blood vessel. Partial circumtferential, non-continuous, or
helical ablation are expected to be effective (o treat a vanety of renal, cardio-renal, and other
diseascs including those histed herein with less structural changes to vessels than fully

circumferential, continuous, and von-helical ablation.

16022} FIG. 1 illustrates a common anatomical srrangement of neural structures relative
to body humens or vascular structures, typically arterics. Newral fbers N generally may
extend longitudinally along a lengthwise or longitudinal dimension L of an artery A about a
relatively small range of positions along the radial dimension 1, often within the adventitia of
the artery. The artery A has smooth muscle cells SMC that surround the arterial
circumference and generally spiral around the angular dimension 8 of the artery, also within
a relatively small range of positions along the radial dimension v. The smooth muscle cells
SMC of the artery A accordingly have a lengthwise or longer dimension generally extending

transverse (1.¢., non-parallcl) to the lengthwise dimension of the blood vessel.

16623) Meuromodulation may be accomplished by ablating tissue through the use of an
ablation catheter. As utilized herein, the term ablation inchides the creation of scar tissue or a
lesion that blocks or disrupts nerve conduction.  In embodiments hereof, freezing
temperatures or cryotherapy can be utilized to thermally damage or ablate target tissue of an
artery to achieve neuromodulation of the target neural fibers. As compared to ablation
lesions formed via radiofrequency energy, cryotherapy typically utilizes much less power to

achieve neurcmodulation.

6624} Some embodiments hereof are related to protecting non-target tissue from
cryogenic ablation by a cryotherapy catheler m order to produce a partial circumferential,
non-contimucus, or helical ablation lesion. As described above, partial circurnferential, non-
continuous, or helical ablation may be desirable in some cases. Partial circumnferential, non-
continuous, or helical ablation of a vessel can alter the sympathetic nervous systern and can
be effective for treating a variety of venal, cardio-renal, and other diseases mcluding but not

hmited to hypertension, heart failure, venal disease, renal failure, contrast nephropathy,
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arthythmia, and myocardial infarction. fo order to form a partial circumferential, non-
continuous, or helical ablation lesion, the cryvotherapy from a cryoballoon can be focused on
or hmited to a targeted region of tissue 1o be treated and non-targeted tissue can be protected
from ablation by an insulative element stilized m conjunction with the cryotherapy catheter
that protects or shiclds non-targeted tissue {rom ablation using the various apparatus and
methods described herein. As will be explained in more detail hevein, the insulative clement
may be a sheath component having one or more openings formed therethrough, an insulative

balloon disposed over or within the eryoballoon, or another suitable structure.

16025} FIGS. 2, 2A, 28, and 2C illusirate a crvotherapy balloon catheter 100 for use
with an insulative element as deseribed herein.  Cryotherapy balloon catheter 100 can be
utihized for ablating tissue to modulate targeted nerves. Cryotherapy catheter 100 includes a
proximal portion 102 that extends out of the patient and has a hub 116, Distal portion 104 of
catheter 100 is posilionable at a targeted location within the vasculature and includes a
cryoballoon 108, which is shown in an expanded or imflated configuration in FIG. 2. In the

embodiment shown in FIGS. 2 and 24, catheter 100 has an over-the-wire (OTW) catheter
configuration with an joner shaft 128 that defives a guidewwe lomen 130 extending
substantially the entire length of the catheter for accommodating a guidewire 132, Inner shaft
128 has a proximal end {(not shown} coupled to a proximal guidewire port 118 of hub 116 and
a distal end 134 terminating distally of cryoballoon 108 and definmg a distal guudewire port.
Catheter 100 also includes a tubular component or outer shaft 106 which defines a lumen 114
and has a proximal end 110 coupled to hub 116 and 4 distal end 112 coupled to cryoballoon

108.

6626} Catheter 100 further includes a cryo-supply shaft 122 extending through outer
shaft 106, The cryo-supply shaft 122 defines an inflation lumen 124 and has a proximal end
{not shown) coupled to hub 116 and a distal end 126 {see FIG. 2B) that terminates within
cryoballoon 108, A cryo-inflation port 120 of hub 116 1s in thud commumication with
inflation homen 124 of cryo-supply shafl 122, Cryo-supply shaft 122 receives and delivers a
cryogenic agent such as NoO liguid into cryoballoon 108 at a high pressure, e.g., 800 psi,
such that there is a pressure drop when the crvogenic agent enters the interior of cryoballoon
108 and expands to a gas. The cryogenic agent may be any hiquid having a boiling point
lower than approximately -10°C at atmospheric pressure, such as but not hmited to NoO

~

Bauid or CO» Bauid. During the phase change of the ervogenic agent, a coohing effect takes
gl o fas) p 2
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place because expansion of compressed gas is an endothermic process that absorbs energy m
the form of heat and thus resulis n cooling of the surroundings.  Accordingly, as the

rvogenic agent expands into gas, cryobalioon [08 is expanded or mflated and the exterior

<

surface of the cryoballoon is cooled to crvogenic teraperatures operable to ablate or thermally
damage tissue. The temperature of cryoballoon 108 can be approximately between -3°C and
-126°C, which can result m modulation of neural fibers located adjacent to cryoballoon 108
As would be understood by one of ordinary skill in the art of balloon catheter design, bub 116
can provide a luer hub or other type of fitting that may be connected to a source of the
cryogenic agent and may be of another consiruction or configuration without departing from

the scope of the present technology.

16627} As shown in the sectional view of FIG. 2B, crvo-supply shaft 122 and inner
shaft 128 extend freely through, e.g., are not bonded to, outer shaft 106 and cryoballoon 108,
As noied above, a continuous supply of eryofluid exits distal end 126 of cryo-supply shafl

122 into an interior of cryoballoon 108 to expand therem. Concurrently, the expanded

—

cryogenic gas proximally exits the interior of cryoballoon 108 via a space between shafls
122, 128 and outer shafl 106. In an embodiment, a vacuum may be otihized to pull the
expanded cryogenic gas out of the catheter although the vacourm is not required for the gas to
exit. The expanded crvogenic gas travels proximally within luren 114 of outer shalt 106 to
exit or exhaust from catheter 100 via an arm 109 of bub 116, As shown in the cross-sectional
view of FIG. 20, cryotherapy shaft 122 is configured to extend through arm 109 such that an
exhaust space 111 is defined between cryo-supply shaft 122 and an inner surface of arm 109

through which the expanded cryogenic gas may escape.

16028} The muduple catheter shafls of catheter 100, e.g., outer shaft 106, inner shaft
128, and cryo-supply shaft 122, may be {ormed of a polymeric material, non-exhaustive
examples of which include polyethvlene, polyethylene block amide copolymer (PEBA),
polvamide, and/or combinations thereof, which can be laminated, blended, co-extruded, or
processed according to another suitable method. In an embodiment, inner shafl 128 may be a
flexible tube of a polymeric material, such as, e.g., polyethylene tubing. Optionally, outer
shaft 106 or some portion thercof may be formed as a composite having & remforcement
material incorporaied within a polymeric body in order to enhance strength and/or flexibility.
Suitable reinforcement layers can melude braiding, wire mesh layers, embedded axial wires,

embedded helical or circumferential wires, and the hike. In one embodiment, for example, at

-6
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least a proximal portion of outer shaft 106 may be formed from a reinforced polymeric tube.
In addition, although catheter 100 is described heremn as being constructed with various shafis
extending therethrough for forming humens of the catheter, it will be understood by those of
ordinary skill in the art that other types of catheter construction are also possible, such as,
without limitation thereto, a catheter shaft formed by multi-humen profile extrusion. In
another embodiment, catheter 100 may be modified o be of a rapid exchange (RX) catheter
configuration without departing from the scope of the present technology such that inner

shaft 128 extends withm only the distal portion of catheter 100,

[6629] As previously mentioned, i ovder to form a partial circumferential, non-
continuous, or helical ablation lesion, an insulative element can be utilized n conjunction
with cryotherapy catheter 100 to protect or shield non-targeted tissue from ablation. In one
embodiment hereof, the insulative element is an msulative sheath that may be disposed over
the cryoballoon for shielding noun-targeted tissue from the cryobalicon. More particalarly,
referring to FIG. 3, a distally located sheath component 344 of a sheath assembly 340 is
shown distally extended from a guide catheter 348 to be disposed over eryoballoon 108 of
catheter 100, Sheath component 344 is a tubular component defining a lamen bhaving a
Iength for receiving at teast a working length of cryoballoon 108 of eryotherapy catheter 100,
The working length of the balloon as used herein is intended to deseribe the longiudinal
portion of the balloon which expands against and contacts the vessel wall. A proximal
portion (not shown) of sheath assembly 340 extends through guide catheter 348 out of a
patient such that it can be manipulated by a climician. In an embodiment, sheath assembly
340 is an elongated twbular component shdingly disposed over catheter 100, The wbular
component can have a distal end that 18 sheath compounent 344 and a proximal end that is
coupled to a handle {not shown} to allow an operator to grip, push, and/or pull sheath

assembly 340,

10634] The sheath compouent 344 of sheath assembly 340 can be formed of an
msulative material 352 effective for shiclding or blocking ablation of tissue from cryoballoon
108, such as but not imited to nylon, polyurethane, PEBAX polymer, or silicone. Sheath
component 344 mcludes one or more opening{s) 342 formed through insulative material 352
thercot. The sheath component 344 can be molded, extruded, or formed in another suitable
manner. Furthermore, the opening(s} 342 can be formed, for example, using laser cutting or

another suitable technique. Tissue of the vessel wall can come into contact or near-contact
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with cryobailoon 108 through openmg(s) 342, Accordingly, opening(s) 342 can serve as
areas {or eryotherapy ablation and the geometry of opening(s) 342 therefore can form an
ablation therapy pattern.  In other embodiments, the opeming(s) 342 can be replaced with
other features that are relatively thermally fransmissive {e.g., relatively thin or relatively
therrally conductive portions of the sheath component 344). In FIG. 3, opening(s) 342 form
a contimuous spiral or corkscrew shape about a civcurnference of sheath component 344 that
regults n a helical ablation pattemn. It will be apparent to those of ordinary skill m the art that
other configurations are possible. For example, as shown in an alternative configuration m
FIG. 4, openings 442 are depicted as a plurality of circular holes. In another embodiment, the
openings may include a pattern of one or more longitudinal strips, one or more ares extending
around a portion of the circumference of the sheath component, or another pattern that can
cause tssue adjacent to the pattern to be ablated to form a partial-circumferential, non-

continuous, or helical lesion.

10631} In an embodiment, in order to deploy sheath component 344 into contact with
the vessel wall at the treatment site, a plurality of radially compressible aonular supports or
stents 346 are coupled to 8 surface of insulative material 352, Although depicted with three
annular supporis 346 approximately equally spaced along sheath component 344, 1t will be
understood by those of ordinary skill in the art that any number of annular supports 346 may
be utibized for radially expanding sheath component 344 and that the spacing therebetween
may vary according to the intended application. Each annular support 346 1s formed from a
self~expanding spring member that is deploved upon release from a restraining mechanism,
such as guide catheter 348, For example, annular supports 346 may be constructed of a
superelastic material such as nitinol.  Aunular supports 346 may be attached or mechanically
coupled to msulative material 352 of sheath component 344 by adhesive, welding, or bonding
onto either an mterior or exterior surface of insulative matenal 352, Auonular supports 346
may have any suitable configuration, such as wavelike or sinusoidal patterned wire rings, a
series of comnected compressible diamond structures or other compressible spring members
biased in a radially outward divection, that when released, bias sheath compounent 344 into
conforming fixed engagement with an nterior surface of the vessel wall. Examples of such
annular support structures are described, for example, in U.S. Pat. No. 5,713,917 and US.

Pat. No. 5,824,041, which are incorporated by reference herein in their entirety.
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16632} In use, sheath component 344 can be distally advanced out of a lumen of guide
catheter 348 to a treatment site within a vessel. When released from guide catheter 348,
annular supports 346 radially expand to bring an outer surface of insulative material 352 of
sheath component 344 mio contact with the interior surface the vessel wall. Afier sheath
component 344 is deploved at the treatment site, catheter 100 is distally advanced in order to
place cryoballoon 108 within sheath component 344 at the treatment site. Cryoballoon 108 18
then expanded within sheath conmponent 344 such that targeted tissuc at the treatment sife
comes nto contact or near-contact with cryoballoon 108 through opening(s) 342, which
resulis o partial circuraferential, non-continuous, or helical ablation of targeted tissue of the
vessel wall. In arcas in which insulative material 352 of sheath coroponent 344 is positioned
between cryoballoon 108 and the vessel wall, the non-targeted tissue is protected and
shiclded from ablation. After ablation of targeted tissue 18 complete, cryoballoon 108 i3
deflated and catheter 100 18 subsequently withdrawn. Sheath component 344 13 proximally
withdrawn into guide catheter 348, which radially compresses annular supports 346 to allow

for removal of sheath asscrobly 340,

18633} In an ermbodiment, the sheath component may addidonally inchude
longitudmally-extending support struts to improve retraction of the sheath component into
the guide catheter after the ablation procedure is complete. More particularly, as shown in
FIG. 4, sheath component 444 of sheath assembly 440 includes a plurality of longitudimally-
extending support struts 450 in addition to anmular supports 446, Struts 450 are generally
straight segments or wites formed from a suitable material including but not timited to
stainless steel, Nittnol, or rigid polymers such as PEEK or polyamide. Struts 450 may be
attached or mechanically coupled to wmsulative material 452 of sheath coroponent 444 by
adhesive, welding, or bonding onto either the imterior or exterior surface of fnsulative
matertal 452, When sheath component 444 is proximally retracted joto a2 lumen of gude
catheter 448 for removal from the vasculature, longitudinal struts 450 assist i radially

compressing sheath componeunt 444 for case of tusertion into guide catheter 448,

13034} In another embodiment hereof, an insulative element for shielding non-targeted
tissuc from ablation is a second balloon disposed within or over cryobalicon 108, The
inflation medium, c.g., air or sabine, within the sccond balloon can provide insulation to

adjacent tissue and prevent or block an exterior surface of the cryoballoon from corning mto
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~

for ablating tissue to provide newromodulation of the targeted nerves. As opposed to an
msulative sheath for protecting non-targeted tissue from ablation, catheter 500 includes an
insulative outer balloon 560 disposed over an inmer cryoballoon 508 for shielding non-
targeted tissue from ablation. In some embodiments, this portion of catheter 500 may be
assembled by formung inner cryoballoon 508 in a folded configuration and inserting folded

inmer cryoballoon 508 into larger outer balloon 560.

[6635] Cryotherapy catheter 500 can include a proximal portion 502 that extends out of
the patient and bas a hub 516. Distal portion 504 of catheter 500 is positionable at a targeted
location within the vasculature and mcludes outer balloon 560 and vmer eryoballoon 508,
which are both shown expanded or inflated in FIG. 5. Catheter 560 includes an outer shafl
506 which has a proximal end 510 coupled to hub 516 and a distal end 512 coupled to outer
balloon 560. An inner tubular compouent or shaft 564 extends within lumen 514 of outer
shaft 506 with a guidewire shaft 528 and cryo-supply shaft 522 extending through a lumen
566 defined by shaft 564, Cryoballoon 508 is positioned at the distal end of shalt 564 withmn
an nterior of outer balloon 5606, Similar to ymer shafl 128 described above, guidewire shaft

o~

528 defines a guidewire lumen 530 extending substantially an entire length of catheter 500
for accommodating a guidewire 532, Guidewire shall 528 has a proximal end (not shown}
coupled to a proximal guidewire port S18 of hub 516 and a distal end 534 terminating distally
of ouier balloon 560 and defining a distal gudewire port. Cryo-supply shaft 522 defines an
inflation humen 524 and has a distal end (not shown) that terminates within eryvobalioon 508,
A crvo-inflation port 520 of bub 516 15 in fhud communication with mflation lumen 524 of
cryo-supply shaft 522, and cryo-supply shaft 522 receives and delivers a crvogenic agent
such as NoO Hguid mto eryoballoon 508 as described above with respect to cryosupply shaft

122 and cryoballoon 108,

6636} The distal end of outer balloon 560 is coupled to guidewire shaft 528, and outer
balloon 560 is mflated via an milation medium delivered through a second inflation lumen
514, In an embodmment, mflation lumen 514 is defined between an inner surface of outer
shaft 506 and an outer surface of inner shafl 564. b 516 mclades a second mfJation port
562 m fluid commumcation with second inflation lumen 514 for receiving an milation
medium, such as air or saline. As would be understood by one of ordinary skill in the art of

balloon catheter design, hub 516 can provide a Tuer hub or other type of fitting that may be

-10-
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connected to sources of an fnflation fuid and a cryogenic agent and may be of another

construction or configuration without departing fromo the scope of the present technology.

16837} Cryohalloon 508 can have a smaller expanded outer diameter than outer balloon
560. To achieve different expanded outer diameters, the balloons may be formed of materials
having different complhiances. Dilatation balloons may be classified, for example, as being
compliant, noncomphant, or semi-compliant. Compliant balloons can be characterized by
their ability to radially expand beyound their nommmal diameters in response to mcreasing
nflation pressure.  Such balloons can be said to follow a stress-sirain curve obtained by
plotting balloon diameter versus inflation pressure.  Noncomphant balloons can be
characterized by nearly flat stress-strain curves illustrating that the balloon diameters expand
relatively hittle over the range of usable inflation pressures. To achieve a smaller expanded
outer diameter, crychalloon 508 may be semu-comphiant or non-comophant.  In some
embodiments, cryoballoon 508 can be 10% or less comphant and formed frormn PEBAX or
nylon. Outer balloon 560 may be, for example, between 50% and 100% comphant and
formed from polyurethane or silicone. Percentage comphance can comespond io the
percentage of expansion that occurs between the crycballoon 508 at an operating pressure
and the cryoballoon 508 at a rated pressure {e.g., a burst pressure or a maximum milation
pressure).  The recited values for percentage compliance can also apply to distensibility,

which can be caleulated as follows:

| Diameter of Balioon ar Selected Pressure )
4 - ~ 1 % 100%

Distensibility = : - -
Nominal Diameter of Balloon
The selected pressure can be an arbitrary, relatively high pressure (e.g., 10 bar). Suitable
materials that may be utilized to achieve a desired amount of compliance for the balioons
include but are not limited to polymers such as polyethviene, PEBA, PEBAX, nvlon,
silicone, polycthylene ferephthalate (PET), polyamide, polyurcthane, and copolymers or
blends thereof.

15638] A portion of the outer surface of cryoballoon 508 can be coupled to an interior

surface of outer balloon 560. In an embodiment shown in FIG. 5, cryoballoon 508 is coupled
to outer balloon 560 via a bond 368, In embodiments hereof, bond 568 may be formed, for
exarople, with an adhesive, heat-bond, or weld. Forming the bond 568 can include expanding
the cryoballoon 508 and attaching the outer balloon 560 to the expanded cryoballoon 508,

Adhesive can be applied to an inside surface of the outer balloon 560 {c.g., using a needle
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extended through a distal neck of the outer balloon 560) prior to expanding the cryoballoon
508 and/or prior to introducing the crvoballoon 508 into the outer balloon 566, Farthermore,
the adhesive can be a two-part adhesive {e.g., a two-part epoxy adhesive) and the two paris
can be miroduced onto the inmer surface of the outer balloon 560 and the outer surface of the
cryoballoon 508, respectively. The inmer surface of the outer balloon 560 and the outer
surface of the cryoballoon 508 can then be pressed together to combine the two parts, therehy
activating the adhesive to form the bond 568, In use, outer balloon 560 expands mto full
circumferential contact with the vessel wall, and cryoballoon 508, which is attached to the
mtertor surface thereof and has a smaller expanded outer diameter relative thereto, is
essentially radially polled toward only the portion of the vessel wall adjacent to where
cryoballoon 508 i3 attached to outer balloon 560, When the cryogenic agent is miroduced
nto cryeballoon 508, non-targeted tissue that is not adjacent to cryoballoon 508 is shielded
or protected from ablation by the mflation medium located within outer balloon 560, which

effectively acts as insulation.

16639] Targeted tissue adjacent to cryoballoon 508 1s ablated, resuiting in a partal
circumferential, non-continuous, or helical ablation pattern or lesion. With reference to FIG.
5B, which is a cross-sectional view of an artery A having outer insulative balloon 560 and
inmer cryoballoon 508 of FIG. 5 deployed therein, an area of contact between the portion of
the exterior surface of outer balloon 560 that substantially corresponds to where the expanded

Fa) Fad
T

cryoballoon 508 contacts the interior surface of outer balloon 560 and the vessel wall may be
considered a nomunal treatment area. The noninal treatment area may be equal to or shightly
smaller than the ablation pattern resulting from eryobalioon 508 because the ablation therapy
may extend shghtly beyond the borders of the nominal treatment area. For example, m one
embodiment, the nonunal treatment arca of the cryobalicon may extend around between 45°
and 225° of the vessel wall circumference while the resulting ablation pattern of the
cryoballoon may extend around between 10° and 340° of the vessel wall circumference.
However, for purposes of the present disclosure, the nominal treatment area and the ablation
pattern are considered to be approximately equal.  The nominal freatment area/ablation
pattern depends upon both an ablation arc @ of the cryoballoon and a working length LW of
the cryoballoon. More particularly, the nominal treatment area/sblation pattern may be
calculated by nwitiplying the length of the ablation arc L& by the working length LW of
cryoballoon 308, The expanded diameter of cryoballoon 508 determines the ablation arc U

and therefore determines the amount of circumicrential tissue cryogenically ablated. The
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lIength of ablation arc © may be roughly caleulated by the equation LO=R{(ZM3)/360),
wherein R 1s the radius and ¢ is the contact surface arc.  As previously mentioned, m
embodiments hercof, due o outer balloon 560 which shields non-targeted tissue the ablation
arc ¥ of cryoballoon 508 can be constrained or limited o a partial circumferential, non-

continuous, or helical portion of the vessel wall.

[BB48] In addition to shielding non-targeted tissue from ablation, m one embodiment
outer balloon 560 also serves to moderate the temperature of the eryotherapy. For example,
when NaO liguid is utihized as the eryogenic agent, the phase change of the cryogenic agent
to gas may result in a cryoballoon temperature in the range of -70°C to - 80°C. However,
nevromodulation may be accomplished at teroperatures between -10°C and -40°C, and these
higher temperatures may be preferred in certain applications to munimize unnecessary
structural changes to the vessel. Since cryoballoon 508 expands within outer balloon 560
when each are deploved in a vessel during treatment, heat transfer oceurs therebetween. Due
to heat transfer from cryoballoon 508, an mflation had such as water or saline within outer
balloon 560 may frecze but the decrease in resulting temperature of ouler balloon 560 will
not be to such an extent that thermal injury will occur. Thermal injury or neuromeodulation
generally occurs at temperatures below -5°C, while a frozen outer balloon 560 can have a
temperature at or above -3°C.  Notably, heat transfer between outer balloon 560 and
cryoballoon 508 may be beneficial to increase the temperature of the cryvogenically-cooled
balloon outer surlace from, e.g., - 80°C, to a preferred temperature for ablation, e.g., between
-10°C and -40°C.  Thas, the heat transfer between the balloons helps to moderate the

temperature of the cryotherapy.

0041} Turning now to FIG. 6, an inmer cryoballoon and an insulative outer balloon
according to another embodiment hereof is shown. in FIG. 6, rather than or in addition to
utithizing a bond to couple the mner balloon to the outer balloon, inner cryoballoon 608 can be
positioned against the mterior surface of outer balloon 660 due at least in part to the shapes of
proximal and distal cones of the balloons. The outer balloon can have & first side 670 and a
second side 672. First portions 670A, 6708 of proximal and distal cones 671A, 6718,
respectively, can be along the first side 670, and radially opposing second portions 6724,
6728 of proximal and distal cones 671A, 6718, respectively, can be along the second side
672, First portions 6704, 6708 can be longer and steeper than sccond portions 672A, 6728,

such that the second side 672 appears somewhat flattened relative to the first side 670, The
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steeper taper of first portions 670A, 670B can provide outer balloon 660 with a larger
expanded diameter than cryoballoon 608 such that insulative inflation medium can be located
adjacent to non-targeted tissue of the vessel wall. The relatively gradual tapers of second
portions 672A, 6728 can be approximately equal to symmetrical tapers of proximal and
distal cones 6764, 6768 of mner cryoballoon 608 such that the cryobalivon 608 hes
generally flat against the interior surface of outer balloon 660. In addition to having
approximately equal fapers or slopes, proximal and distal cones 676A, 6768 of mer

cryoballoon 608 can have lengths approximately equal to or slightly longer than second

o

las]

portions 672A, 6728 of proximal and distal cones 6714, 6718 i order to facilitate good wall
contact between inner cryoballoon 608 and outer balloon 6606. The non-syrometrical
proximal and distal cones 6714, 6718 of outer balloon 660 can assist in positioning inner

cryoballoon 608 against the interior wall of cuter balloon 660.

10642} As previously noted, an expanded profile of the cryoballoon contributes to the
ablation patiemn. Tn embodiments hereof, the configuration or profile of the cryoballoon may
be varied in order to achieve different ablation patiemns within the vessel. FIG. 7 illustrates
another configuration of an inmer cryobalicon according to an embodiment hereof 10 which
cryoballoon 708 mcludes two serially disposed expandable portions 780, 784 along a length
thercot that are coupled o an interior surface of outer balioon 760. Expandable portions 780,

~

784 may be coupled to the interior surface of outer balloon 760 via a bond or adhesive (not
shown). A constricted portion 782 is integrally formed between expandable portions 780,
784. Constricted portion 782 15 of a smaller expanded outer diameter than expandable
portions 780, 784 such that it does not contact the interior surface of outer balloon 760 and
therefore is not adjacent to tissue of the vessel wall. Rather, jnsulative mflation medium such
as aw or salme from outer balloon 760 surrounds constricted portion 782 and protects the
tissue adjacent to constricted portion 782 from ablation. This may cause only tissue adjacent
to expandable portions 780, 784 to be ablated, resulting in an ablation pattern having two

longitudinally spaced partial circumferential ablation lesiona.

10643} FIG. 8 illustrates another configuration of an imner cryoballoon aceording to an
embodiment hereof m which cryobalioon 808 mcludes two serially disposed expandable
portions 886, 888 having inflated configurations that are radially offset from each other and
that are coupled to the interior surface of outer balloon 860. Expandable portions 886, 888

rad
£
)

may be coupled to the nterior surface of outer balloon 760 via a bond or adhesive (not
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shown). Tissue adjacent to expandable portions 286, 838 is ablated such that a non-
continuous ablation pattern is formed having longitudnally spaced ablation lesions on

radially opposing sides of the vessel wall.

6644} In addition, although catheter 500 is described herein as being constructed with
various shafts extending therethrough for forming lomens of the catheter, # will be
understood by those of ordinary skill in the art that other types of catheter construction are
also possible, such as, without hmutation thereto, a catheter shaft formed by multi-lumen
profile extrusion. Another possible modification of catheter 500 includes inner or guidewire

shaft 528 extending through outer balioon 560 rather than cryoballoon S08.

[BB45] As described herein, the cryoballoons of FIG. 5, FIG. 6, and FIG. 7 can be used
to provide partial circumferential ablation of a vessel wall. However, in some applications, it
may be destrable to perform foll circumferential ablation of vessel walls that is also non-
continwous or helical. Noun-continuous, full circumferential ablation can include forming two
or more partial circomferential ablations that collectively extend arcund the entire
circurnference of the vessel wall. Helical, full circumferential ablation can mchide forming
one or more ablations that curve to extend around the entire circuomference of the vessel wall
without being fully circumferential in any single plane perpendicular to the vessel. The non-

Falir )
a
H

continuous or hehical nature of these full circurnferential ablations can reduce structural
changes to any other region of the vessels jn comparison o other full circumferential
ablations. It will be understood by those of ordmary skill in the art that embodiments hereof
for creating partial circumnferential ablation patierns may also be utilized for creating non-
continuous or helical full circumferential ablation patterns.  For example, catheters having
ablation assemblies which create partial circumferential ablation patterns may be
longitudinally transiated within a vessel and rotated as desived in order to perform multiple,
sequential partial circumferential ablations which collectively extend around the entire
circumference of the vessel wall. In some embodiments, relatively short balloons having
Iengths between 2 mm and 5 mm may be rotated and moved longitudinally in a vessel to

produce a non-contimious and helical ablation patiem.

6846} Since blood flow past a cryogenic balloon may affect the desired ablation
pattern, embodiments described herein may fnclude an occlusion balloon or other occlusive
device. In the doal balloon embodiments deseribed herein, the outer balloon can occlude

blood flow when inflated against the vessel wall. Tn addition or alternatively, an occlusion
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balloon or other occlusive device may be placed proximal or distal to the outer balloon.
Similarly, with respect to embodiments described m relation to FIG. 3 and FIG. 4, an
occhusion balloon or other occhisive device may be placed proximal or distal o the
cryoballoon. Suitable occlusive devices may be integrally formed on the delivery catheters

or may be separate devices utihized in conjunction with the delivery catheters.

Exaniples
L. A eryotherapeutic device, comprising:

an clongated shaft including a distal portion, the shaft configured to locale the distal
portion in an anatorical vesael;

an elongated balloon at the distal portion;

a supply lumnen along at least a portion of the shaft;

an exhaust Jomen along at least a portion of the shaft, the exhaust tumen fhudly
connected to the supply tumen via the balloon; and

a sheath at the distal portion configured radially expand, to receive at least a portion
of the balioon, and to selectively expose a portion of a wall of the anatornical
vessel to cryogenic cooling from the balloon, the portion of the wall of the
anatomical  vessel being non-cweumferential in generally any plane

perpendicular to a length of the balloon,

2. The cryotherapeutic device of example 1, wherein a distal end portion of the

sheath is open.

3. The eryotherapestic device of example 1, wherein the portion of the wall of

the anatornical vessel 18 helical.

4. The cryotherapeutic device of example 1, wherein the sheath includes a cutout
portion configured to expose the portion of the wall of the anatomical vessel fo cryogenic

cooling from the balloon.

5. The cryotherapeutic device of example 1, wherein the sheath fncludes a
plurality of openings configured to expose the portion of the wall of the anatomical vessel to

cryogenic cooling from the balloon.



WO 2012/148966 PCT/US2012/034910

6. The cryotherapeutic device of example 1, wherein the sheath imcludes at least

one self-expanding annular support member.

7. The cryotherapeutic device of example 1, wherein the sheath includes at least

one longitudinal strot.

3. A method for freating a patient, comprising:

locating a distal portion of an clongated shafl of a cryotherapeutic device within an
anatomical vessel of the patient;

radially expanding a sheath within the anatomical vesscl;

debivermg refrigerant to a balloon of the cryotherapeutic device at the distal portion;

expanding the refrigerant within the balloon 1o cool the balloon;

radially expanding the balloon at least partially within the sheath; and

selectively exposing a portion of a wall of the anatomical vessel to cryogenic cooling
from the balloon, the portion of the wall of the anatomical vessel being non-
circumferential in generally any plane perpendicular to a length of the

anatomucal vessel.

9. The method of example 8, wherein selectively exposing the portion of the wall
of the anatomical vessel includes cryogenically cooling the portion of the wall of the

anatomical vessel through a cutout portion of the sheath.

10. The method of example 8, wherein—
iha F4lve e C4thes s $ e roceal 19 g FHre -3 .
the portion of the wall of the anatomical vessel is a {irst portion, and

1

selectively exposing the first portion includes—
cryogenically cooling the first portion through a thermally transmissive
portion of the sheath, and
msulating a second portion of the wall of the anatomical vessel around the first
portion from cryogenic cooling with a thermally msulative portion of

the sheath.

11. The method of examaple &, wherein radially expanding the sheath includes

radially expanding at least onc seif-expanding annular support member of the sheath.
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12, A cryotherapeutic device, comprising:

an elongated shaft mcluding a distal portion, the shaft configured to locate the distal
portion in an anatomical vessel;

a first balioon at the distal portion, the first balloon configured to expand into a first
shape;

a supply lumen along at least a portion of the shafi;

an exhaust humen along at least a portion of the shafl, the exhaust humen floidly
connected to the supply humen via the first balloon; and

a second balloon around the first balloon, the second balloon configured to expand
mto a second shape, wherein interaction between the first shape and the
second shape causes the first balloon to locate preferentially in a radially

offset position within the second balloon.

13, The cryotherapeutic device of example 12, wherein—

the second shape includes proximal and distal necks having greater slope in a first
radial direction than in a sccond radial direction opposite to the first radial
direciion, and

the radiaily offset position is radially oifset generally in the first radial direction.

4. The eryotherapeutic device of example 12, wherem the second shape includes
proximal and distal necks that are non-symometrical in a plane parallel to a length of the

balloon.

15. The cryotherapeutic device of example 12, wherein—
the first bailoon is non-compliant or semi-compliant, and

the second balloon 1s compliant.

16, A method for treating a patient, comprising:

locating a distal portion of an clongated shaft of a cryotherapeutic device within an
anatornical vessel of the patient;

delivering refrigerant to a frst balloon of the cryotherapeutic device at the distal
portion;

expanding the refiigerant within the frst balloon o cool the balloon;
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radially expandmg the first balloon into a first shape;
radially expanding a second balloon of the cryotherapeutic device at the distal portion
around the first balloon into a second shape;

Fag

preferentially locating the first balloon 1o a radially offset position within the second
balloon by interaction between the first shape and the second shape; and

cryogenically cooling a portion of a wall of the anatomical vessel, the portion bemng
non-circumferential in generally any plane perpendicular to a length of the

anatomical vessel.

17. The method of example 16, wherein—

the portion of the wall of the anatomical vessel is a first portion, and

the method further comprises insulating a second portion of the wall of the anatomical
vessel around the first portion from cryogenic cooling with a space between

the first balloon and a wall of the second balloon.

18. The method of exarple 16, wherein—

radially expanding the {rst balloon includes non-comphantly or semi-comphantly
radially expanding the first balloon, and

radially expanding the second balloon inchides comphiantly expanding the sccond

balloon.

19, The method of example 16, further comprising circulating a heat-transfer fluid
through the second balloon to warm the first balioon and to reduce the cooling of the portion

of the wall of the anatomical vessel.

20. The method of example 19, wherein circulating the beat-transfer fluid causes a

temperature of the first balloon to be between -10°C and -40°C.

Conclusion
[Ga47] While various embodiments according to the present technology have been

described above, it should be understond that they have been presented by way of iltustration
and example only, and not limitation. It will be apparent to persons skifled in the relevant art

that various changes in form and detail can be made thercin without departing from the spirit
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and scope of the present technology. Thus, the breadth and scope of the present technology
should not be limited by any of the above-deseribed embodiments. It will also be understood
that each feature of cach embodiment discussed herein, and of each reference cited herein,
can be ased in combination with the {eatures of any other embodiment. Al patents and

publications discussed herein are incorporated by reference herein in their entirety.

0648} Where the context permits, singular or plural terms may also inchide the plural
or singular terms, respectively. Moreover, unless the word "or” is expressly limited to mean
only a single item exclusive from the other iteros in reference to a hist of two or more tems,
then the use of "or" in such a list i3 to be interpreted as including (a) any single item in the
hist, (byall of the items o the Hst, or (¢)any combination of the items in the Hst
Additionally, the terms "comprising” and the Hke are used throughout the disclosure to mean
nchuding at least the recited feature(s) such that any greater number of the same feature(s)
and/or additional types of other features are not precluded. It will also be appreciated that
various modifications may be made to the described embodiments without deviating from the
present technology. Further, while advantages associated with certain embodiments of the
present technology have been described in the context of those embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need necessarily
exhibit such advantages to {all within the scope of the present technology. Accordingly, the
disclosure and associated technology can encornpass other embodiments not expressly shown

or described herem.
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CLAIMS

/We claim:

L. A eryotherapeutic device, comprising:

an clongated shafl including a distal portion, the shaft configured to locate the distal
pottion in an anatomical vessel;

an elongated balloon at the distal portion;

a supply luraen along at least a portion of the shafl;

an exhaust lumen along at least a portion of the shaft, the exhaust lumen fluidly
connected to the supply tumen via the balloon; and

a sheath at the distal portion configured radially expand, to receive at least a portion
of the batioon, and to selectively expose a portion of a wall of the anatomical
vessel to cryogenic cooling from the balloon, the portion of the wall of the
analomical wvessel being non-circomferential in  generally any plane

perpendicular to a length of the balloon.

2. The cryotherapeutic device of claim 1, wherein a distal end portion of the

sheath is open.

3. The cryotherapeutic device of claim 1, wherem the portion of the wall of the

anatomical vessel is helical.

4. The cryotherapeutic device of claim |, wherein the sheath includes a cutout
portion configured to expose the portion of the wall of the anatomical vessel to cryogenic

cooling from the balloon.

5. The cryotherapeutic device of claim 1, wherein the sheath includes a phurahity
of openings configured to exposc the portion of the wall of the anatomical vessel to cryogenic

cooling from the balloon,

6. The cryotherapeutic device of claim 1, wherein the sheath includes at least one

self~expanding anmular support member.

01
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7. The cryotherapeutic device of claim 1, wherein the sheath includes at least one

longitudinal strut.

8. A macthod for treating a patient, comprising:

locating a distal portion of an clongated shaft of a crvotherapeutic device within an
anatornical vessel of the patient;

radially expanding a sheath within the anatomical vessel;

dehivering refrigerant to a balloon of the cryotherapeutic device at the distal portion;

expanding the refrigerant within the balioon to cool the balloon;

radiaily expanding the balloon at feast partially within the sheath; and

selectively exposing a portion of a wall of the anatomical vessel to cryogenic cooling
from the balloon, the portion of the wall of the anatomical vessel being non-
circurafereritial in generally any plane perpendicuiar to a length of the
anatomical vessel.

9. The method of claim §, wherein selectively exposing the portion of the wall of

the anatomical vessel includes cryogenically cooling the portion of the wall of the anatornical

vessel through a cutout portion of the sheath.

19, The method of claim 8, wherein—
the portion of the wall of the anatormical vessel is a first portion, and
sclectively exposing the frst portion includes—
cryogenically cooling the first portion through a thermally transmissive
portion of the sheath, and
msulating a second portion of the wall of the anatomical vesse] around the first
portion from cryogenic cooling with a thermally insulative portion of

the sheath.

11. The method of clazm 8, wherein radially expanding the sheath includes

radially expanding at least one self-expanding annular support member of the sheath.
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12, A cryotherapeutic device, comprising:

an elongated shaft mcluding a distal portion, the shaft configured to locate the distal
portion in an anatomical vessel;

a first balioon at the distal portion, the first balloon configured to expand into a first
shape;

a supply lumen along at least a portion of the shafi;

an exhaust humen along at least a portion of the shafl, the exhaust humen floidly
connected to the supply humen via the first balloon; and

a second balloon around the first balloon, the second balloon configured to expand
mto a second shape, wherein interaction between the first shape and the
second shape causes the first balloon to locate preferentially in a radially

offset position within the second balloon.

13, The cryatherapeutic device of claim 12, whercin—

the second shape includes proximal and distal necks having greater slope in a first
radial direction than in a sccond radial direction opposite to the first radial
direciion, and

the radiaily offset position is radially offset generally in the second radial direction.

4. The cryotherapeutic device of elaim 12, wherein the second shape includes
proximal and distal necks that are non-symometrical in a plane parallel to a length of the

balloon.

15. The cryotherapeutic device of claim 12, wherein—
the first bailoon is non-compliant or semi-compliant, and

the second balloon 1s compliant.

16, A method for treating a patient, comprising:

locating a distal portion of an clongated shaft of a cryotherapeutic device within an
anatornical vessel of the patient;

delivering refrigerant to a frst balloon of the cryotherapeutic device at the distal
portion;

expanding the refiigerant within the frst balloon o cool the balloon;
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radially expandmg the first balloon into a first shape;
radially expanding a second balloon of the cryotherapeutic device at the distal portion
around the first balloon into a second shape;

Fag

preferentially locating the first balloon in a radially offset position within the second
balloon by interaction between the first shape and the second shape; and

cryogenically cooling a portion of a wall of the anatomical vessel, the portion bemng
non-circumferential in generally any plane perpendicular to a length of the

anatomical vessel.

17. The method of claim 16, wherein—

the portion of the wall of the anatomical vessel is a first portion, and

the method further comprises insulating a second portion of the wall of the anatomical
vessel around the first portion from cryogenic cooling with a space between

the first balloon and a wall of the second balloon.

18, The method of ¢laim 16, wherem—

radially expanding the {rst balloon includes non-comphantly or semi-comphantly
radially expanding the first balloon, and

radially expanding the second balloon inchides comphiantly expanding the sccond

balloon.
19, The method of claim 16, further comprising circulating a heat-transfer flwd
through the second balloon to warm the first balioon and to reduce the cooling of the portion

of the wall of the anatomical vessel.

20. The method of claim 19, wherein circulating the heat-transfer fluid causes a

temperature of the first balloon to be between -10°C and -40°C.
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