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SYSTEMS AND METHODS RELATED TO SELECTIVE BEATING OF
CRYOGENIC BALLOONS FOR TARGETED CRYOGENIC
NEUROMODULATION

CROSS REFERENCE TO RELATED APPLICATION

{6001} This disclosure claims the benefit of US. Provisional Application No.

61/572,269, filed April 29, 2011, which is incorporated herein by reference in its entirety.
TECHNICAL FIELD

{86021  The present technology relates generally to cryotherapeuntic sysiems and methods.
In particular, several embodiments are direcied to systems and methods for eryogenically

conling a targeted arca of an toner surface of an anatonical vessel.
BACKGROUND

[8003F  Cryotherapy can be a useful treatment modality in a wide range of catheter-based
mterventional procedures.  For exanple, cryotherapeutic cooling can be used to modulate
nerves or affect other tissue proxamate 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 crvetherapy can be used, for
example, to modulate nerves and thereby reduce pain, local sympathetic activity, sysfemic
sympathetic activity, associated pathologies, and other conditions. Furthermore, cryotherapy
can be used, for example, for ablating tumeors and treating stenosis. In some cryotherapeutic
procedures, it can be useiul fo deliver cryvotherapy via a balloon that can be expanded within an
anatomical vessel.  Such balloons can be operatively connected to extracorporeal support
components {e.g., refrigerant supphies). As the applicabibity of cryotherapy {or surgical
nterveniion continues fo cxpand, there is a need for innovation in the associated devices,
systems, and methods.  Such innovation has the potential to further expand the role of

cryotherapy as a tool for mproving the health of patients.
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BRIEF DESCRIPTION OF THE DRAWINGS

[B004]  Many aspecis of the present disclosure can be betier understood with reference to
the following drawings. The components in the drawings are not necessarily to scale. Instead,

emphasis is placed on tllustrating clearly the principles of the present technology.

{86051 FIG. | is a partially schematic isometric view of a common location of neural fibers

proximate an artery.

[B806]  FIQG. 2 1s a side view of 4 cryotherapy catheter having a cryobalioon with electrical

heating elements configured in accordance with an embodiment of the present technology.
18007} FIG. 2A is a cross-sectional view faken along line A-A of FiG. 2,
{8008}  FIG. 2B is a cross-sectional view taken along line B-B of FIG. 2.
[BO08]  FIG. 20 4s a cross-sectional view faken along hine C-C of FIG. 2,

18010]  FIGS. 3A-3G illusirate various arrangements of electrical heating clements on a

cryoballoon configured in accordance with embodiments of the present technology.

{8611f FIG. 4 is a cross-sectional view of the cryoballoon of FIG. 2, wherein a polyme

coating is utilized to couple the heating elements to the cryobatioon.

[8812]  FIQ. S i3 a cross-sectional view of a eryoballoon having heating elements configured
in accordance with another embodiment of the present technology, wherein an outer ballcon or

sheath is utilized to couple the heating elernents fo the cryoballoon.

{86131 FIG. 61s a side view of a cryotherapy catheter having a cryoballoon with microtubes
that receive heated fluid in a circulating manner jo accordance with an embodiment of the

present technology.

18014}  FIG. 6A is a cross-sectional view taken along line A-A of FIG. 6,

{60138}  FIG. 6B is a cross-sectional view taken along line B-B of FIG. 6.

{8016}  FIG. 6C is a cross-sectional view taken along line C-C of FIG. 6.

{8171 FIG. 6D is a cross-sectional view laken along lne A-A of FIG. 6 according to
another embodiment of the present technology,

{6018}  FIG. 6F 15 a cross-sectional view taken along hine C-C of FIG. 6 according to

another embodiment of the present technology.
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{86151 FIGS. 7A-70 illustrate various arrangements of mucrotubes on a cryohalloon

configured in accordance with embodiments of the present technology.

[8828f FIQG. 818 a side view of a cryotherapy catheter having a eryoballoon with microtubes
that receive heated fluid in a non-circulating manner in accordance with a further embodiment

of the present technology.

{8021} FIG. 8A is a cross-sectional view taken along line A-A of FIG. 8.

[6022]  FiQG. 91s a side view of a cryotherapy catheter having a cryoballoon with microtubes
that receive blood flow from a vessel lumen m accordance with an embodiment of the present
technology.

16023} FIG. 9A is a cross-sectional view faken along line A-A of FIG. 9.

{8624f FIG. 10 is a schematic side view of the cryoballoon of FIG. 9 disposed within a
vessel
{88251  FIG. 11 is a cross-sectional view of a cryoballoon deployed in a vessel and having

msulative microtubes configured in accordance with another embodiment of the present

technology,

18626f FIG. 12 is a cross-sectional view of a cryoballoon deployed in a vessel and having
solid conductive microtubes configured in accordance with yet another cmbodiment of the

present technology.,
DETAILED DESCRIPTION

[6027]  Specific embodiments of the present techunology are now described with reference to
the figures, wherein like reference numbers indicate identical or functionally similar elements.
The terms “distal” and “proximal” are used in the following description with respect to a
position or direction relative to the treating clinician. “Distal” and “distally” refer o positions
distant from or in a divection away from the chinician. “Proximal” and “proximally” refer to

positions near or in a direction toward the clinician.

[6028] The following detailed description discloses specific examples of the present
technology, but it is not intended to liroit the present technology or the application and uses of
the present technology. For example, although the description discloses the present technology
i the contexi of treatment of blood vessels, such as coronary, carotid and renal arteries, the

present technology may also be used in other body passageways or tissues where 11 18 deemed
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useful. Furthermore, there is no intention to be bound by any expressed or imphed theory

presented herein

8329} o recent years, ablation of tissue has been used to modulate neural bers that
contribute to renal function.  Ablation may be accomplished in various ways, including
delivery of radio frequency (RF) energy, other suitable heating cnergies, or cryotherapy.
Modulation of renal nerves is expected to be useful in treating a variety of renal, cardio-renal,
and other diseases incloding heart faihure, renal disease, renal failure, hypertension, contrast
nephropathy, arrhythmia, and myocardial infarction. Furthermore, renal neuromodulation is
expected to reduce renal sympathetic nervous activity, which can merease removal of water
and sodium from the body and return renin secretion to more normal levels. Normahized renin
secretion can cause blood vessels supplying the kidneys to assume a steady state level of

dilation and constriction corresponding to adequate renal blood flow.

{6034} In neuromedulation procedures, it may be desirable to perform circomferential
ablation that extends continuously about a full 360° of the circumference of an anatomical
vessel to positively affect a medical condition.  For example, i the treatment of atrial
fibrillation or other arthythmia, a circumferential treatment may be achieved by forming a
circumferential lesion that is continuous completely about a normal cross-section of the
pulmeonary vein to disrupt aberrant electrical signals. In the treatment of heart failure, a
circuntferential treatment may be achieved by forming a similar continuous circumfercntial
lesion that is continuous completely about a normal cross-section of a renal artery to reduce
renal syropathetic neural activity. However, in some cases, it can be desirable to reduce
structural changes to a blood vessel and aveid a circumferential ablation lesion along a single
radial plane or cross-section of a blood vessel, Partial cwcumferential, non-continuous, or
helical ablation are expected to be effective to treal a variety of renal, cardio-renal, and other

5

discases including those listed herein with fewer structural changes to vessels than fully

circumferential, continuous, and non-helical ablation.

{60338} FIG. | illostrates a common anatomical arrangement of neural structures relative to
body lumens or vascular structures {c.g., arteries), MNeural fibers N generally may extend
longitudinally along a lengthwise or longitudinal diroension 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 dirnension v The smooth muscle cells SMC of the artery A

e
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accordingly have a lengthwise or longer dimension generally oxtending transverse (ie.,
nonparaiiel) to the lengthwise dimension of the blood vessel.

Fag
s
)

{8032} Newromodulation can vefer to inhibiting, reducing, and/or blocking neural
commumcation along neural fibers (ie., efferent and/or afferent nerve fibers), and may be
accomplished by ablating tissue through the use of an ablation catheter. As used herein, the
term ablation includes the creation of scar tissue or a lesion that blocks or disrupts nerve
conduction. In embodiments hereof, freezing temperatures or cryotherapy can be utthzed to
thermally damage or ablate target tissue of an artery to achieve newromodulation of the target
neural fibers. As coropared to ablation via RF energy, cryotherapy fypically uses less power to

achieve newromodulation.

{88331  The present technology relates to devices, systems, and methods for profecting non-
target tissue from cryogenic ablation by a cryotherapy catheter in order to provide partial
circurnferential (i.c., ablation extending around less than 360° of a vessel wall} or non-
continuous circumiferential cryoablation. In order to form partial or non-continuous
circurnferential ablations, a cryoballoon can be configured to deliver cryotherapeutic cooling to
focused target regions of tissue to be treated, and non-targeted tissue can be protected from
ablation by one or more heating clements that protect or shield the non-targeted tissue from
ablation. As will be cxplained in more detail below, the heating clements may mclude
electrical wires or eclecirodes that arc heated via clectrical current and/or microtubes that

recetve heated {Tuds.

[6034]  FIGR. 2, 7A, 2B, and 2C dlusirate a cryotherapy balloon catheter 100 for ablating
tissue to provide neuromodulation of the targeted nevves. Cryotherapy catheter 100 can
mclade a proximal portion 102 that extends out of the patient and has a hob 116, A distal
portion 104 of cryotherapy catheter 100 can be delivered fo a targeted location within the
vasculature and can include a cryoballoon 108, which is shown in an expanded or inflated
configuration in FIG. 2, having a plurality of heating elements 136 thereon. In the
embodiment shown in FIGS. 2, 2A, 28, and 2C, catheter 100 has an over-the-wire (OTW)
catheter configuration with an inner shaft 128 that defines a guidewire humen 130 extending
substantially the entire length of the catheter for accommeodating a guidewire 132, Inner shaft
128 can have 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 defining a distal guidewire

port. Catheter 100 can also include a tubular component or outer shaft 106 which defines &



WO 2012/149341 PCT/US2012/035482

1
i

humen 114 and can have a proximal end 110 coupled to hub 116 and a distal end 112 coupled

to cryoballoon 108,

[80358]  Catheter 100 may further include a crvo-supply shaft 122 extiending through outer
shaft 106, cryo-sapply shaft 122 defining an mflation lumen 124 and having 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 luib 116 can be placed in fluid comumunication
with mnflation humen 124 of cryo-supply shaft 122, Cryo-supply shaft [22 can receive and
deliver a cryogenic agent, such as NoO liguid, into cryoballoon 108 at a high pressure {c.g.,
800 psi) such that there i a pressure drop when the cryogenic agent enters the interior of
cryobailoon 108 and expands to & gas. The eryogenic agent may be any hquid having a boiling
point colder than approximately -10° C at atmospheric pressure, such as N;O hguid or €O,
liquid. During the phase change of the cryogenic agent, a cooling effect can take place because
expansion of & compressed gas is an endothernyic process that absorbs energy in the form of
heat and thus resulis in coobing of the surroundings. Accordingly, as the cryogenic agent
expands into gas, cryoballoon 108 cxpands or inflates and the outer surface of the cryobalicon
conls to cryogenic temperatures operable to ablate or thermally damage tissue. For example,
the temperature of eryoballoon 108 can be approximately between -5° C and -120° C, which is
expected to result in nearomedulation of neural fibers located adjacent to cryoballoon 108, As
wouid be undersiood by one of ordinary skill in the art, hub 116 can provide a luer hub or other
type of fitting that may be connected 1o a source of the cryogemic agent and may be of another
construction or conliguration without departing from the scope of the present technology.

s ]

[6036]  As shown in the sectional view of FIG. 28, cryo-supply shaft 122 and inner shaft
128 can extend freely through (e.g., are not bonded to) outer shaft 106 and cryoballoon 108,
As noted above, a contimuous supply of cryofhud can exit distal end 126 of cryo-supply shaft
122 into an interior of cryoballoon 108 {o expand therein. The expanded cryogenic gas can
proximally exit the interior of cryoballoon 108 via a space within lumen 114 between shafis
122, 128 and outer shatl 106, In certain embodiments, a vacuam may be utilized to draw the
expanded cryogenic gas cul of the catheter. The expanded cryogenic gas can travel proximally
within fumen 114 of cuter shaft 106 {o exit or exhaust {rom catheter 180 via an arm 109 of hub
116.  As shown in the cross-sectional view of FIG. 20, cryotherapy shafl 122 can extend
through arm 109 sach that an exhaust space 111 is defined between cryo-sopply shaft 122 and
an inner surface of arm 109, The cxpanded cryogenic gas may escape through the exhaust

space 111.
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{8037}  The multiple catheter shafts of catheter 100 {c.g., outer shaft 106, inner shaft 128,
and cryo-supply shaft 122) may be formed from one or more polymeric materials, such as
polyethylene, polyethylene block amide copolymer (PEBA), polyamide and/or combinations
thereof (e.g., laminated, blended or co-extruded combinations). In various embodiments, inner
shaftl 128 may be a flexible tube of a polymeric material, such as polyethylene tubing.
Optionally, outer shaft 106 or some portion thereof may be formed as a composite having a
reinforcement material incorporated within a polymeric body in order to enhance strength
and/or fexibility. Suitable reinforcement layers include braiding, wire mesh layers, embedded
axial wires, embedded helical or circumferential wires, and the like. In one embodiment, for
example, at least a proximal porticn of outer shaft 106 may be formed from a reinforced
polymeric tube. o addition, although catheter 100 is described herein as being constructed
with various shafls extending therethrough for forming the fumens of the catheter, it will be
undersiood by those of ordinary skiil in the art that other types of catheter construction are also
amendable fo the present fechnology, such as a catheter shaft formed by multi-flumen profile
extrusion. In another embodiment, catheter 100 may be modified to be of a rapid exchange
{RX} catheter configuration such that inner shaft 128 extends within only the distal portion of

catheter 100,

{88381 A plurality of heating clements 136 can be disposed over the outer surface of
cryoballoon 108, When cryvoballoon 108 expands, heating clements 136 can be positioned
hetween cryoballoon 108 and a vessel wall 1o shield or prevent the crvoballoon from ablating

1

non-targeted tissue of the vessel wall. fn other emboediments, the heating elements 136 can be

1
i

embedded in the cryoballoon 136 and/or positioned within the cryobalioon 136. Tissue of the
vessel wall can come nto contact or near-contact with cryoballoon 108 at the areas or spaces
formed between heating elements 136, Accordingly, spaces between heating elervents 136 can
serve as areas for cryotherapy ablation, and the geometry of heating elements 136 can therefore
form an ablation therapy patiern.  As mentioned above, the feraperature of cryobalioon 108 can
be between about -5° C and about -120° C to induce nevromodulation of neural fibers located
adjacent to cryoballoon 108, In ovrder to shicld or prevent non-targeted tissue from ablation,
the temperature of heating clements 136 can be between about 5° C and about 45° C. In one
embodiment, for example, the teroperature of heating clements 136 is approximately 37° C.
The minimura teraperature (e.g., 5° C) of the heating clements 136 can be selected to inhibit or
prevent eryogenic thermal injury or denervation that would otherwise resalt from the cryogenic

outer surface temperature of cryoballoon 108, Further, of the maximum temperature {e.g., 45°
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C} of the heating clements 136 can be selected to reduce the risk of or prevent undesired
ablation of the tissue due to thermal injury or stress caused by heat. In FIG. 2, heating
clements 136 each have a sinusoidal configuration and longitudinally extend along the working
length of cryoballoon 108 to result in a partial circumferential ablation pattern. The working
length of the cryoballoon as used herein is intended (o describe the longitudinal portion of the

cryoballoon which expands against and contacts the vessel wall,

{6033} In the embodiment illostrated in FEGS. 2-2C, the heating elemenis 136 are electrical
wirgs or electrodes that can be healed by resistive heating, slthough disc elecirodes, {lat
clectrodes, and/or other clectrodes are also suitable for use herein. Electrode heating clements
136 may be formed from any suvitable metallic material, such as gold, platinum or a
combination of platimum and iridium.  An external power supply 148 can supply elecirical
current fo heating elements 136, In one embodiment, power supply 148 may be a mult-
channel radio frequency generator, such as the GENIUS® generator available from Medtronic
Ablation Frontiers of Carlsbad, CA. In order to provide a desired temperature of heating
clements 136 between about 5° C and 45° C, power supply 148 may deliver power between §
Woand 15 W, In one embodiment, power supply 148 supplics between 3 Woand 10 W, o the
embodiment depicted in FIG. 2, heating elements 136 include six wires or electrodes equally
spaced apart along the circumference of cryoballoon 108; however, it will be apparent to one
of ordinary skill in the art that the number of heating elements 136 and the spacing
thercbetween may be varied. In one embodument, for cxampie, the cryoballoon 108 can
mclude a single heating element extending along or around the surface of the cryoballoon 108,
Multiple heating elements 136 allow for varicus ablation patterns via a single device as

described 1o more detaid herein,

[8848]  Each elecirode heating clement 136 can be electrically connected to power source
14 by a conductor or wire that extonds through lumen 114 of outer shaft 106, Since the
embodiment of FIG. 2 includes six electrode heating elements 136 {although only three are

visible m the side view of FIG. six corresponding bifilar or other wires 140 electrically

2},
connect a respective electrode heating element 136 to power source 148, Each electrode
heating element 136 may be welded or otherwise electrically coupled to the distal end of its
wire 140, and each wire 140 can extend through outer shaft 106 for the entire length of catheter
100 such that a proximal end thereof is coupled to power source 148, Accordingly, each
¢lectrode heating clement 136 may be independenily controllable via its respective wire 140

As such, an operator may selectively activate or deactivale a particular beating element 136 in



WO 2012/149341 PCT/US2012/035482

order to vary the resulting ablation patiern. Nuomerous combinations of activated heating

clemients are possible, so a single device may be utilized to effectuate various ablation patterns.

[8¢41]  With reference to FIG 24, i one embodiment, each wire 140 15 a bifilar wire that
mcludes a fivst conductor 142, a second conductor 144, and insulation 146 surrounding each
conductor to ciectrically isolate them from cach other. In certain embodiments, first conductor
142 may be a copper conductor, second conductor 144 may be a copper/micke] conductor, and
msulation 146 may be polyimide insulation. When coupled to an elecirode heating clement,
the two conductors of each bifilar wire 140 can function to provide power to its respective
ciectrode and act as a T-type thermocouple for the purposes of measuring the temperature of
the electrode. Temperature measurements can provide feedback to power source 148 such that
the power delivered to each electrode can be automatically adjusted by the power source to
achicve a target temperature. Temperature measurements can also provide an indication of the
guality of the contact between the clectrode and the adjacent tissue. In various embodiments,
the power source 148 may display the power each clectrode heating element 136 1s receiving

and the teraperature achieved during ablation.

{8042} I another embodiment hereof, wires 140 may be single conductor wires rather than
the bifilar wires described above. Each single conductor wire provides power to its respective
clectrode. In this embodiment, separate temperature sensors can be used to determine the
temperature of the heating clements 136 and provide feedback to the power source 148,

{80431  In addition to shielding non-targeted tissue from ablation, heating elements 136 may
additionally or alternatively serve to moderate and/or maintain the ifcroperatuwre of the
cryotherapy.  For example, when N0 hiquid s wtibized as the cryogenic agent, the phase
change of the cryogenic agent to gas may resolt in an outside or exterior swriace of the
cryoballoon 108 reaching a cryoballoon temperature in the range of -70° C to -80° C
However, cryogenically-induced neuromodulation may be accomplished at substantially
warmner temperatures (e.g., between -5° C and -40° C). Since heating elements 136 are
disposed over cryobaloon 108, heat transfer occurs thercbetween. Due (o heat transfer from
cryoballoon 108, the temperature at heating clements 136 may decrease, but not (o a
termperature that resulis in thermal modulation (e.g., the tomperature at the heating clements
can be kept above -5° C). Heat transfor to cryoballoon 108 {rom heating elements 136 may be
beneficial to increase the temperature of the cryogenicafly-cooled balloon outer surface from,

e.g., -80° C, to a temperature suitable for neuromodulation, e.g., between -10° C and -40° C,
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Thus, the heat transter between the cryoballoon 108 and the heating elements 136 may help to

moderate the temperature of the cryotherapy.

{8844  Catheter 100 can also inchide a thermocouple 138 associated with cach heating
element 136 for monitoring the temperature of tissue adjacent to the thermocouple 138 and/or
the teraperature of the outside surface of cryoballoon 108 at various locations on the device. In
certain emnbodiments, thermocouple 138 measures an average of both the temperature of tissue
adjacent to the thermocouple 138 and the temperature of the outside surface of cryoballoon
108. Thermocoupies 138 and/or other temperature sensors can be coupled to the outer surface
of the cryoballoon 108 in close proximity to cach heating clement 136, Thermocouples 138
may be utibized in regulating or moderating the outer surface temperature of cryoballoon 108
Monitoring the temperature of cryoballoon 108 via thermocoupies 138 allows the operator to
determine which heating eloments 136 should be active. For example, if the temperature
profiie of the outer surface of cryoballoon 108 is not even and a particular region is colder than
desired, a heating element 136 in the colder region may be activated in order to moderate the
teraperature thereof Thermocouples 138 are therefore useful in maintaining a steady state
surface temperature and/or are useful to achieve a variable teroperature profile or gradient on

the surface of cryoballoon 108 if desired.

{8845] 1t will be apparent to those of ordinary skill in the art that various configurations of
heating clements are possible in order to achieve a number of differcnt ablation patterns. The
path of heating elements 136 may extend in a spiral, a straight hne, or partially around the
circumference of cryoballoon 108, FIGS. 3A-3G illustrate various configurations of heating
clements 336, FIG. 3A iHustrates a plurality of sinusoidal heating elements 336A extending
around a circumference of balloon 108, while FIG. 3B illustrates a phurality of sinusoidal
heating elements 3368 extending arcund a circomference of balloon 108 at an angle. In
another embodiment, the configuration shown in FIG. 3B may be accomphished by a single
sinusoidal heating clement that spirals around the length of the balloon. FIG. 3C 1ilusirates 2
single spiral heating element 336C extending around a circumference of balloon 108, FIG. 3D
iflustrates a plurality of straight heating elements 336D of differing lengths extending
longitudinally along balloon 108, FIG. 3F is similar to FIG. 3D, except heating ciements 336F
are not of differing lengths and are restrained to a quadrant of balloon 108, Further, FIG. 3G s
similar to FIG. 3D, except heating elements 336G are not of differing lengths and are
restrained to a single hnear or longitudinal strip of balloon 108, FIG. 3E illustrates a single

heating element 3368 extending partially around 2 circumference of balloon 108, 1t will be
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apparent to those of ordinary skill in the art that numerous patierns or configarations of the
heating clements beyond those described herein may be utilized in order to cause a desired

ablation pattern having a combination of targeted and non-targeted tissue of the vessel wall.

[8846]  Heating clements 136 may be coupled to the cryoballoon 108 in various mamners.
For example, in the embodiment iHlustrated in FIG. 4, elecirode heating elements 136 may be
coupled to the balloon outer surface in the desired pattern via an adhesive or other mechanical
method. The crycballoon 108 having electrode heating elements 136 coupled thereto s then
dipped into a polymer such as polyurcthane or sificone. The polymer cures, resulting in a
flexible coating 450 disposed over crychalloon 108, holding clectrode heating cloments 136 in
position on the cryoballoon. o other embodiments, the heating elements 136 may be
manufactored in a specific pattern and embedded in a polymer layer that can subsequently be
attached to a cryoballoon. The polymer coating 450 may be poiyurcthane. In another
embodiment shown in FIG. 5, a cryoballoon 508 having heating clerments 536 disposed thereon
is surrcunded by an outer balloon or sheath 552 in order to capture heating elements 536

etween the outer surface of cryobalioon 508 and sheath 552,

[8847F o other embodiments, the heating elemenis for shielding non-targeted tissue from
ablation inclode one or more microtubes that are configured to receive heated fluids {e.g.,
liquids or gases). Referring to FIG. 6, a cryotherapy catheter 600 is utilized for ablating tissue
to provide neuromodulation of the targeted nerves and heating eleruents 636 are utitized for

o~

shiclding non-targeted tissue from ablation.  As opposed to electrodes for protecting non-
targeted tissue from ablation, the heating clements 636 of the catheter 604 are defined by at
least one microtube 654 disposed over crychalloon 608 that receives a heated fluid, such as
saline, contrast media, blood, plasma, carbon dioxide, and/or oxygen. The temperature of the
heated fluid within the heating elements 636 can be between about 20°C and about 45°C 1n
order to provide a shielding function, and the temperature can be above about 0°C to provide a
moderating function.  Cryotherapy catheter 600 can inclide a proximal portion 602 that
extends out of the patient, and the proximal portion 602 roay inchide a hub 616, Distal portion
604 of catheter 600 can be delivered to a targeted location within the vasculature and can
inchude cryoballoon 60&, which is shown expanded or inflated in FIG. 6. Catheter 600 can
melade an outer shaft 606 having a proximal end 610 coupled to hub 616 and a distal end 612
coupled to cryoballoon 608, A guidewire shaft 628 and cryo-supply shaft 664 can extend
within a lumen of outer shaft 606, Similar to inner shaft 128 described above, guidewire shaft

628 defines a guidewire lumen 630 extending substantially an entire tength of catheter 600 for
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accommodating a guidewire 632, Guidewire shaft 628 can have a proximal end (not shown)
coupled to a proximal guidewire port 618 of b 616 and a distal end 634 terminating distally
of cryoballoon 608 and defining a distal guidewire port. Cryo-supply shaft 622 can define an
mflation lumen 624, which may have a distal end 626 that tepminates within cryobalioon 603,
A eryo-inflation port 620 of hub 616 may be in thud communication with inflation Tumen 624
of cryo-supply shaft 622, and cryo-supply shaft 622 can receive and deliver a cryogenic agent
{e.g., N2 higuid) into cryoballoon 608 (c.g., as described above with respect to cryo-supply

shaft 122 and crycbalioon 108).

[60848]  As shown m FIG. 6C, microtube 634 can be a tubular coraponent defining a lumen
6536, In one embodiroent, mucrotube 654 has an inner diameter between about 0.025 mm
(0,001 inch} to about 0.152 mm (0.0606 inch}. Suitable maierials for microtube 654 may
include polvimide, PEFEK, stainless steel, and Nitinol, Microtube 654 may be coupled to the
cryoballoon 608 (e.g., the outer surface of the cryoballoon 608} via any suitable mechanical
method mcluding, but not himited to, an adhesive, a polymer coating (e.g., as described above
with respect to FIG. 4}, and/or an outer balloon or sheath {e.g., as described above with respect
te FIG. 5). in other embodiments, one or more microtubes 654 may be formed with and

embedded mn the cryoballoon 608.

[8849]  Microtube 654 can extend distally and then proximally over the crycballoon 608

=3

such that a heated fhuid may be continuously circulated through heating clements 636, For
example, outer shaft 606 can also include a supply lomen 658 and a return lomen 660 for
circulating a heated {tuid through microtube 654, As shown in FIG. 6B, supply tumen 658 and
cturn lumen 660 arc each in fluid commwnication with opposing ends of lumen 656 of
microtube 654, A heated fluid can be miroduced through a supply port 662 of hub 616, which

1s m {luid commnonication with supply tumen 638, and the heated floid can travel n a distal

direction through catheter 600 via supply lumen 658 and into microtube 654, As the heated
fluid travels over cryoballoon 608, the temperature of the heated fluid decreases.  After
raveling through microtube 654, the heated fhad can travel n a proximal divection through
catheter 600 via return lomen 660. The heated floid can exit catheter 600 via a return port 664
of hub 616, which is in fluid communication with refurn lumen 660. Accordingly, the heated
fluid can flow through catheter 600 and microtube 654 in a circulating manner such that the

temperature of the heated fhud within microtube 654 stays within a desired effective range.

[6058] A suitable configuration for the layout of supply umen 658 and return lomen 660 is

shown i FIG. 6A. It will be understood by those of ordinary skill in the ast that other types of
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catheter construction are also amendable to the present technology, such as, without Hmitation
thercto, a catheter shaft formed by wvarious shafts extending therethrough for forming the
lumens of the catheter. Fn addition, FIG. 61 illustrates an alicmative configuration of the
supply lumen and the return fumen. In FIG. 6D, outer shaft 606D includes guidewire shafl
628D and cryo-supply shafl 622D extending therethrough, as well as semicircolar fumens
660D and 658D. The configuration of semicircular tumens 660D, 658D allows the heated
fluid to extract heat from bleod flow within the vessel lumen. Therefore, it may be desirable

not to heat the heated fluid as much outside of the body as would otherwise be the case.

{6051} 1o addition, FIG, 6F illustrates an alternative microtube configuration that allows for
the heated {luid to be continuously cireulated therethrough. Instead of a microtube that extends
distally and then proximally over the ouler swrface of the cryoballoon, microtube 654E
includes first and second humens 666, 668 for continuously circulating heated fluid through the
heating elements. First lomen 666 can be placed in fhuid commuunication with supply lumen
658 of outer shaft 606, and second humen 668 can be placed in fhud commumication with
retorn lumen 660 of outer shaft 606, In addition, the distal ends of first hunen 666 and second
lumen 668 can be in fluid communication with one another to allow the heated fluid to flow
therebetween. For example, a heated thuid can travel in a distal divection through catheter 600
via supply lumen 658 and inte first fumen 666 of microtube 654, The heated fluid can travel in
a distal direction through first lumen 666 and then enter second lumen 668. The heated fluid
can then fravel in a proximal direction through second lumen 668 and continue to travel n 2
proximal direction through catheter 600 via return humen 660, Accordmgly, the dual lumens of
microtubes 654E allow the heated thud flow through catheter 600 and microtube 654 i a
circulating manner such that the heated fluid within microtube 654 may stay at a steady or
constant temperature. By utihizing dual lumens of the microtubes 654 to circulate the heated
fluid, the microtubes may not need to extend distally and then proximally over the cryoballoon.
In ceriain embodiments, a vacuum may be utihized to draw the spent heated fhud (e,
proximally traveling fhuid) out of the catheter.  In other emboediments, the inward purping

pressure may foree the fluid through the catheter.

{8652f 1t will be apparent to those of ordinary skill o the art that various configurations of
microtubes are possible in order to achieve a nurober of different ablation patierns. The path of
heating clements 636 may extend in a spiral, a straight hne, or partially around the
circumierence of cryoballoon 608, FIGS. 7A-7( illustrate various configurations of heating

elements 736, wherein cach configuration includes a microtube that extends distally and then
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proximally over the cryoballoon sach that the configurations may be wutilized to circulate
heated {luid within single-lumen microtubes. However, if dual fumen microtubes are utilized
{e.g., as described above with respect to FIG. 6F), the return path of the microtube can be
omitted. FIG. 7A illustrates a plurality of heating elements 736A extending longitudinally
along balloon 608, while FIG. 7B illustrates a single heating element 736B extending
longitudinally along balloon 608. These microtube configurations can shield one or more
hnear or longitudinal strips of non-targeted tissue. FIG. 7C illustrates a single heating clement
736C extending partially around a circumference of balloon 608. FIG. 7D illustrates a spiral
heating element 736D extending around a circumference of balloon 608, FIG. 7G illustrates a
phurality of straight heating elements 7360 of differing lengths extending longitudinally along
balloon 608. FIG. 7 is similar to FIG. 74, except heating elements 736E are not of differing
lengths and are restrained to a quadrant of balloon 608, FIG. 7F illusirates an arc or curved
heating clement 736F extending longitudinally along balioon 608. It will be apparent to those
of ordinary skill in the art that numerous patterns or configurations of the heating elements 736
may be utilized I order to cause a desired ablation pattern having a combination of targeted

and non-targeted tissue of the vessel wall.

{8053}  Referring back to FIG. 6, catheter 600 can also include a thermocouple 638 that 1s
similar 1o thermocouple 138 described above.  If multiple microtubes 654 are utilized on
cryobailoon 60¥, a separate thermocouple may be disposed adjacent to cach microtube 654 for
monitoring the tenperature of tissue adjacent fo the thermocouple at various locations on the
device. As described herein, thermocouples 638 may be atilized in regulating or moderating
the outer surface temperature of cryoballoon 608 because monitoring the temperature of
cryobailoon 608 allows the operator to determine which heating elements should be active.
With respect to microtube embodiments deseribed herein, the heating elerments 654 may be
activated by selectively delivering the heated [hud therethrough and may be deactivated by

stopping delivery of the heated fluid.

{6054} In another embodiment hereof, the heated fluid s not circulated through the
microtube but rather is distally expelled into the bloodsiream. Referring to FIG. 8 and FIG.
8A, a cryotherapy catheter 800 is utilized for ablating tissue to provide neuromedulation of the
targeted nerves and heating elements 836 are utilized for shielding non-targeted tissue from
ablation. Catheter 8§00 can include an outer shaft 806 with a cryoballoon 803 disposed at the
distal end thereof. A guidewire shaft 828 and a cryo-supply shail €22 can extend within a

lumen of outer shaft 806, Similar to trmer shafl 128 described above, guidewire shaft 828 can
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define a guidewire lumen 830 extending substantially an entive length of catheter 300 for
accommodating a guidewire 832, Guidewire shaft 828 can have a proximal end (not shown)
coupled to a proximal guidewire port 818 of a hub 816 and a distal end 832 ternvnating distally

o~

of cryoballoon 808 and defining a distal gumidewire port. Cryo-supply shatl 822 can define an
mflation Tumen 824 and can have a distal end (not shown) that terminates within cryoballoon
B08. A cryo-inflation port 820 of hub 816 can be placed in fluid comamunication with inflation
lumen 824 of cryo-supply shaft 822, and cryo-supply shafl 822 can receive and dehiver a
cryogenic agent (e.g., NoO Hguid) into cryobaloon 308 as described above with respect to

cryo-supply shaft 122 and crveballoon 108,

{B055]  Heating elements 836 can include two mucrotubes 854 which may be similar to
microtubes 654 described above. Microtubes 834 can be twbular components disposed over
cryoballoon 808 for receiving a heated fluid or gas. However, unlike microtube 654,

3

microtubes 854 extend scparately and distally over the cryoballoon 808 and the heated fluid

o

exits the open distal ends of microtubes 854, Outer shaft 806 can melude a supply humen 8560
in fhuid commuonication with the proximal ends of the lumens {not shown) of microtubes 854,
A heated fluid can be ijotroduced through a supply port 862 of hub §16, which 18 in thud
communication with supply luroen 860, and the heated {lunid can travel m a distal direction
through catheter 800 via supply lumen 860 and into microtubes 854, The heated {fluid can
travel over cryobalioon 808 and exit from the disial ends of microtubes €54 such that the fhuid
is released into the blood stream. Thus, the heated fluid in this embodiment is biocompatible
such that 1t can be released mto the blood siream. For example, the heated fhuid may include,
saline, contrast media, plasma, and/or warmed gases (e.g., CO» or ). Accordingly, in this

A
b
i

embodiment, the heated fluid flows through catheter 800 and mucrotube 854 in a novn-
circulating manner. Further, although heating clements 836 are shown as longitudinal, it will
be apparent to those of ordinary skill in the art that other patterns, inchuding the patterns shown
i FIGS. 7A-7G (without return tubes), may be utilized to cause a desired ablation pattern
having a combination of targeted and non-targeted tissuc of the vessel wall.  Although not
shown, it will be understood that catheter 800 may also inchide one or more thermocouples as
described above with respect to catheter 600 for regulating and/or moderating the outer surface
teraperature of cryoballoon 808,

{8656}  In vet another embodiment hereof, blood flow within the vessel can be utilized as
the heated fluid through the microtubes to shield non-targeted tissue from ablation. By

utthizing internal blood flow as the heated fhuid that shields non-targeted tissue from ablation,
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the external heating system described above with respect to FIGS. 6-8A can be omitted.
Referring to FIG. 9, FIG. 94, and FIG. 19, a cryotherapy catheter 900 is utilized for ablating
tissue to provide neuromodulation of the targeted nerves and heating clements 936 are utihzed
for shielding non-targeted tissue from ablation. Catheter 900 can include an outer shaft 906
with a cryoballoon 808 disposed at the distal end thereof. A guidewire shaft 828 and a cryo-
supply shaft 922 can extend within a lumen 914 of outer shaft 906, Similar to inner shaft 128
described above, guidewire shaft 928 can define 2 guidewire lumen 930 extending
substantially an entire length of catheter 800 for accommodating a guidewire 932, Guidewire
shaft 928 can have a proximal end (not shown) coupled to a proximal guidewire port 918 of a
bub 216 and a distal end 934 terminating distally of cryoballoon 90 and defining a distal
guidewire port. Cryo-supply shaft 922 can define an m{flation lumen 924 and has a distal end
(not shown) that terminates within cryoballoon 908, A cryo-inflation port 920 of hub 916 can
be placed in fluid communication with nflation tumen 924 of cryo-supply shaft 922, and cryo-
supply shaft 922 can receive and dehiver a cryogenic agent {e.g., No(J Hquid) into cryoballoon

808 as deacribed above with respect to erye-supply shafl 122 and crvoballoon 108,

[B057]  Heating elerents 936 can jnchude a plurality of microtubes 954 which are similar to
microtubes 654 deseribed above. Microtiubes 954 can be tubular components disposed over
cryoballoon 908 for receiving a heated {loid or gas. However, anlike microtube 654,

sicrotubes 954 extend only over the working length of cryobalicon 908 and have open
proximal and distal ends. Cryobalicon 908 is shown disposed 1o a vessel V i FIG. 10, Blood
flow from vessel lumen 1070 (see FIG. 16) enters into the proxymal end of microtubes 954,
flows through lumens 956 of microtubes 934 for shielding non-targeted tissue which is
adjacent to the microtubes from ablation, and exits from the distal ends of microtubes 954 such
that the blood returns to the blood stream.  Accordingly, in this embodiment, the heated fuid 1s
not delivered through the catheter, but rather blood flow is utilized as the heated fluid that
profects non-targeted tissue from ablation. It will be apparent to those of ordinary skill in the
art that Tumens 256 of microtubes 954 can be sized 1o nhibit the biood from coagulating within
or become otherwise impeding tumens 956, Further, although heating elements 836 are shown

T

i

as longitudinal, it will be apparent to those of ordinary skill in the art that other patterns, suct
as the patterns shown in FIGS. 7A-7G {without return tubes), may be utilized to cause a
desired ablation pattorn having a combination of targeted and non-targeted tissue of the vessel

wall.

-16-
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{6058} Turning now to the cross-sectional view of FIG. 11, another embodiment uiilizing
blood flow to shicld non-targeted tissue from ablation is shown. In FIG. 11, a cryoballoon
1108 has a plurality of microtubes 1154 disposed on the surface thereof. Cryobalioon 1108 s
shown expanded in a vessel V. In this embodiment, cryobalioon 1108 is formed from a semi-
compliant or noncomphant material.  Balloons may be classified as being compliant,
noncompliant or semi-compliant. Comphiant balloons can be characterized by the balloon’s
ability to radially expand beyvond its nominal diameter in response fo inereasing inflation
pressure. Such balloons can be said to follow a stress-strain curve obtained by plotting balloon
diameter versus inflatinn pressure. Noncompliant balloons can be characterized by a nearly
flat stress-sfrain curve illustrating that the balloon diameter expands very little over the range
of usable inflation pressurcs. In onc embodiment, cryoballoon 1108 can be 109 or less
compliant and may be formed from nylon.

16059} Microtubes 1154 can be solid tubular compounents formed of an insulative material,
such a3 nylon, PEBAX polymer, and/or siicone. Microtubes 1154 can be effective for spacing
a portion of cryoballoon 1108 away from the vessel wall. In addition, since cryoballoon 1108
is formed from a semd-compliant or non-compliant material, cryoballoon 1108 does not expand

mto the spaces between microtubes 1154, Rather, blood flow from vessel lumen 1170 flows

[

between and around microtubes 1154, such that microtubes 1154 essentially create a blood

flow path for shiclding non-targeted tissue from ablation. Tissue which is adjacent to

microtubes 1154 and blood flow is shiclded or protected from ablation.  Thus, fo the
embodmment of FIG. 11, approximately the top half of the vessel wall is shielded from ablation,
and the ablation pattern from cryobalioon 1108 is approximately the bottom half of the vessel
wall which countacts and abuts against cryoballoon 1108, Further, it will be apparent to those
of ordinary skill in the art that other patterns of microtubes 1154 yoay be utilized to cause a
desired ablation pattern having a combination of targeted and non-targeted tissue of the vesscl

wall.

{8068  Conversely, solid microtubes may be utilized in such as way that they cause ablation
of the vessel. Referring to the embodiment shown in FIG. 12, a cryoballoon 1208 can have a
phurality of sohid wbular microtubes 1254 disposed on the surface thereof. Cryoballoon 1208
15 shown expanded m a vessel V and is formed from a semi-coropliant or noncomphant
material as described above with respect to FIG. 11, Microtubes 1254 can be formed of a
conductive material, such as metals {¢.g., alominum, siainless steel, and cobalt chromivm),

glass fibers (e.g., fiber optics), and/or polymers loaded with conductive fillers (e.g., the above-
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mentioned materials, brass, copper, bartum sulphate, or glass). The conductive material of
microtubes 1254 may be a continuous single strand of material or may be a multi-strand
structure for added flexihility. Microtubes 1254 can space a portion of cryoballoon 120¥ away
from the vessel wall and, since cryoballoon 1208 is formed from a semi-corophant or non-
compliant material, cryoballoon 1208 does not expand into the spaces between microtubes

]
1

1254, In this embodiment, however, conductive microtubes 1254 transfer the cryotherapeutic
cooling from cryehalioon 1208 1o the vessel wall. Tissue which is adjacent to cryoballoon
1208 and/or microtubes 1254 is thus ablated. Blood flow {rom vessel lumen 1270 can flow
between and around microtubes 1254, and tissue adjacent to the blood flow may be shielded or
protected from ablation. Thus, in the embodiment of FIG. 12, the resulting ablation paticmn

rad
£
)

melades four linear or longitudinal sirips of tissue adjacent to microtubes 1254 with the areas
of tissue between the microbibes 1254 being shiclded from ablation by blood flow. Further, it
will be apparent to those of ordinary skill in the art that other patterns of microtubes 1254 may
be utilized to cause a desired ablation pattern having a combination of targeted and non-

targeted tissue of the vessel wall.

1. A cryotherapeutic device, comprising:

an elongated shafl baving a proximal portion and a distal portion, wherein the shaft is
configured to locate the distal portion at a treatment site 1 a renal vessel;

a cryoballoon affixed at the distal portion, the crycballoon being configared to apply
therapeutically-cffective cooling to ablate tissue of a wall of the renal vessel;
and

a plurality of heating elements arranged about the cryoballoon, wherein the plurality of
heating elements are individually controliable to selectively deliver heat to
tissue of & wall of the renal vessel proximate the eryobalioon.

2. The cryotherapeutic device of example 1 wherein the plurality of heating

elements is a plurality of individual clectrodes, each individual electrode being electrically
coupled to a4 power source at the proximal portion of the shaft via a corresponding wire

extending along the shaft.
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3. The cryotherapeutic device of example | wherein the phirality of heating
clemients is a plurality of individual microtubes, cach individual microtube ncluding at least

one fumen configured for receiving a heated fhuid,

4. The cryotherapeutic device of example 1, further comprising a plurality of
thermocouples at the distal portion of the shaft, wherein the thermocouples are configured to

monitor temperatures at the cryobaloon.

S. The eryotherapeutic device of exarople 4 wherein each thermocouple is adjacent

to a corresponding heating clement.

5. The cryotherapeutic device of example |, wherem the plurality of heating
elements is configured to sclectively dehiver thermal energy to an outer swface of the

cryoballoon, the thermal energy having a temperature between about 5° € and about 43° C.

7. A eryotherapeutic device, comprising:

an elongated shaft having a distal portion, the shaft being configured to locate the distal
portion in a vessel;

a cryoballoon affixed to the distal portion, the crycballoon having an expanded
configuration; and

a microtube arranged on the cryoballoon, the microtube having a lumen configured to
receive a heated fuid, wherein the mucrotube is configured to be positioned

between the cryoballoon and a vessel wall of the vessel when the eryohalloon is

in the expanded configuration.

3. The cryotherapeatic device of example 7 wherein:
the shafl includes a supply lumen and a retum humen, the supply lumen being

configured to deliver heated fluid to the microtube, and the retun lumen being
configured to receive heated fluid from the microtube; and

the tumen of the microtube includes a first end portion in fluid communication with the
supply lumen and a second end portion in fluid comamunication with the retum

Tumen such that the heated fhud circulates through the microtube.
=
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9. The cryotherapeutic device of example 7 wherein:

the shaft includes a supply lumen and a return lumen, the supply lumen being
configured to deliver heated fluid to the microtube, and the return lumen being
configured to receive heated thud from the microtube;

the humen of the microtube s a fivst lumen in fhad communication with the supply
lumen; and

the microtube further corprises a second lumen in fluid communication with the return
famen, the first and second luomens being configured to circulate the heated fluid

through the microtube.

10.  The cryotherapeutic device of example 7 wherein:

the shaft includes a supply lumen configured to deliver heated fluid to the microtube;
and

the microtube includes a proximal end portion in fhad communication with the supply
humen and a distal end portion open to the vessel such that the microtube is

configured to expel the heated fuid into the vessel.

1. The cryotherapeutic device of example 7 wherein the microtube includes an
open proximal end portion and an open distal end portion, and wherein the open proximal and
distal end portions are configured to be in fluid communication with 2 blood stream of the
vessel such that the heated fhad is blood.

12, The cryotherapeutic device of example 7 wherein:
the microtube is a solid shaft configured to space a portion of the cryoballoon away

from the vessel wall when the cryoballoon is n the expanded configuration; and

the heated {luid is blood that flows through the vessel around the mucrotube.

13. The cryotherapeutic device of example 12 wherein the cryobalioon comprises a

semi-comphiant and/or a noncompliant material.

4.  The cryotherapeutic device of example 12 wherein the microtube comprises an

msulative material.
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15, The ceryotherapeutic device of example 12 wherein the microtube comprises a
conductive material configared to transfer cryotherapeutic conling from the crycballoon to the

vessel wall.

16, A method of treating a human patient, the method comprising:

locating a distal portion of an elongated shaft within a renal vessel of the patient;

dehivering refrigerant to a cryoballoon affixed the distal portion of the shaft, wherein
the cryoballoon includes at least one heating element arranged about the
cryoballoon to contact a wall of the renal vessel when the cryoballoon is in an
expanded configuration in the renal veascl;

expanding the refrigerant within the cryoballoon to cool the cryoballoon;

cryogenically ablating targeted tissue of the vessel wall proximate to an ouler surface of
the eryoballoon; and

transferring heat to non-targeted tissue of the vessel wall proximate the at least one

heating element to inhibit cryogenic ablation of the non-targeted tissue.

17.  The method of examople 16 wherein transferring heat to non-targeted tissue of
the vessel wall proximate the at least one heating element comprises fransferring heat to the
non-targeted tissue via an electrical current delivered to a plurality of electrodes at an outer

surface of the cryoballoon.

18. The method of example 17, further conmprising:

measuring  temperatures  proximate the plurality of electrodes via  adjacent
thermocouples; and

ndependently controlling the individual electrodes to selectively transier the heat to the

non-targeted tHesue in response to the measured temperatures.

1%, The maethod of exaraple 16 wherein transferring heat to non-targeted tissue of
the vessel wall proximate the at least one heating clement comprises recetving a heated {had m

a plurality of lomens defined a phurality of microtabes.

20, The method of example 19, further comprising circulating the heated fhad

across a length of the cryoballoon during cryogenic ablation of the targeted tissue.
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21, The method of example 19 wherein:

receiving the heated fluid comprises receiving the heated fluid from a supply umen in
the shaft; and

the method further comprises distally dispelling the heated fhuid into a blood stream of

the renal vessel.

22, The method of example 19 wherein:

receiving the heated {luid comprises receiving blood from a blood stream of the renal
vessel at proximal openings of the lumens; and

)

the method further comprises distally dispelling the blood mto the blood stream via

distal openings of the tumens.

23.  The method of example 16, further comprising:
measuring a temperature of an outer surface of the cryoballoon;
selectively increasing the temperature of the outer surface via the at least one heating

clement when the measured temperature 1s above a threshold teroperature.

24, The maethod of exaraple 16 wherein transferring heat to non-targeted tissue of
the vessel wall proximate the at least one heating element comprises maintaining temperatures
of non-targeted tissue proximaie the at least one heating element between 5° € and 45° C

during cryogenic ablation of the targeted tissue.

Conclusion

{8861}  While various embodiments according to the present technology have been
described above, it should be understood that they have been presented by way of iHlustration
and example only, and not hmitation. It will be apparent to persons skilled in the relevant art
that various changes m form and detail can be made therein without departing from the spirit
and scope of the present technology. Thus, the breadih and scope of the present technology
should not be limited by any of the above-described embodiments. It will also be understood
that each feature of each embodiment discussed herein, and of cach reference cited herein, can
be used in combination with the features of any other embodiment. All patents and

publications discussed herein are incorporated by reference herein in their entirety.
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{6062} Where the context permits, singular or plural terms may also include the ploral or
singular terms, respectively. Moreover, unless the word "or” is expressly limited to mean only
a single ftem exclusive from the other items in reference to a list of two or more tems, then the

Fagll
)

use of "or" in such a Hst is to be interpreted as including (a} any single itern in the list, (b) all of
the items in the Hst, or (¢) any combination of the items in the list. Additionally, the terms
"comprising” and the hike are used throughout the disclosure to mean inchiding 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 alse be appreciated that various modifications may be
made to the deseribed embodiments without deviating from the present technology. Further,
while advantages associated with certain crobodiments of the present technology have been
fescribed in the context of those embodiments, other embodiments may also exhibit such
advantages, and not all embodiments need necessarily exhibit such advantages to fall within
the scope of the present technology. Accordingly, the disclosure and associated technology

can encompass other embodiments not expressly shown or described herein.

.
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CLAIMS

I/We claim:

1. A cryotherapeutic deviee, comprismg

an clongated shaft having a proximal portion and a distal portion, wherein the shaft is
configured to locate the distal portion at a treatment site in a renal vessel;

a cryoballoon affixed at the distal portion, the cryoballoon being configured to apply
therapeustically-effective cooling to ablate tissue of a wall of the renal vesscel;
and

a plurality of heating clements arranged about fo the cryoballoon, wherein the plurality
of heating elements are individually controllable to selectively deliver heat to

tissue of a wall of the renal vessel proximate the eryoballoon.

2. The eryotherapeuntic device of claim 1 wherein the plurality of heating elements
1s a plurality of individual clectrodes, each ndividual electrode being electrically coupled (o a
power source at the proximal portion of the shaft via a corresponding wire extending along the
shaft.

3. The cryotherapeutic device of claim | wherein the plurality of heating clements
is a plurality of mdividual microtabes, cach mdividual microtube including at least one humen
configured for receiving a heated fTuid.

4. The cryotherapeutic device of claimn 1, further comprising a plurality of
thermocouples at the distal portion of the shaft, wherein the thermocouples are configured to

monitor temperatures at the cryobalioon.

5. The cryotherapeutic device of claim 4 wherein each thermocouple is adjacent to
a corresponding heating clement.
6. The cryotherapeutic device of claim 1, wherein the plurality of heating clements
is configured 1o selectively deliver thermal energy to an outer surface of the cryoballoon, the

thermal encrgy having a teroperature between about 5° C and about 45° C.
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7. A cryotherapeutic device, comprising:

an clongated shaft having a distal portion, the shaft being configured 1o locate the distal
pottion in a vessel;

a cryoballoon affixed fo the distal portion, the cryoballoon having an expanded
configuration; and

a microtube arranged on the cryobalioon, the microtube having a tumen configured to
receive a heated fluid, wherein the microtube is configured fo be positioned
between the cryoballoon and a vessel wall of the vessel when the cryoballoon is

in the expanded configuration.

g. The cryotherapeutic device of claim 7 wherein:

the shaft includes a supply lumen and a return lumen, the supply lumen being
configured to deliver heated fluid to the microtube, and the return lumen being
configured to receive heated thad from the microtube; and

the lumen of the microtube includes a first end portion in fluid communication with the
supply lumen and a second end portion 1o fluid conmmunication with the return
tumen such that the heated fluid circulates through the microtube.

-
I

9. The cryotherapeutic device of claim 7 whereimn:

the shaft includes a supply lumen and a retumn lumen, the supply lumen being
configured to deliver heated {Tuid to the microtabe, and the return lumen being
configured to receive heated fluid from the microtube;

the fumen of the microtube 15 2 first lumen in fluid communication with the supply
Tumen; and

the microtube further comprises a second humen in fluid communication with the returs
huraen, the fivst and second tumens being configured to circulate the heated fluid
through the microtube.

10, The cryotherapeutic device of claim 7 wherem:

the shaft inchides a supply luomen configured to debiver heated fluid to the microtube;

and

©
(.llx
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the microtube inchudes a proximal end portion in fluid communication with the supply
fomen and a distal end portion open to the vessel such that the microtube is

configured to expel the heated fluid into the vessel.

11, The cryotherapeutic device of claim 7 wherein the microtube inclodes an open
proximal end portion and an open distal end portion, and wherein the open proximal and distal
end portions are configured to be in fluid communication with a blood stream of the vesscl

such that the heated fluid is biood.

12, The cryotherapeatic device of clatm 7 wherein:
the microtube is a solid shaft configured to space a portion of the crycbalioon away
from the vesse! wall when the cryoballoon is in the expanded configuration; and

the beated fuid is blood that flows through the vessel around the microtube.

13, The cryotherapeutic device of claim 12 wherein the cryobalioon comprises 2

serni-compliant and/or a noncompliant material.

14, The cryotherapeutic device of claim 12 wherein the microtube comprises an

insulative matenal.

15, The cryotherapeutic device of claim 12 wherein the microtube comprises a
conductive material configured to transfer cryotherapeutic cooling from the crycballoon to the

vessel wall.

16, A method of treating a human patient, the method comprising:

locating a distal portion of an elongated shaft within a renal vessel of the patient;

dehivermg refrigerant to a cryoballoon affixed the distal portion of the shafl, wherem
the cryoballoon includes at least one heating element armranged about the
cryoballoon to contact a wall of the renal vessel when the cryoballoon is in an
expanded configuration in the renal vessel;

expanding the refrigerant within the cryoballoon to cool the eryoballoon;

cryogenically ablating targeted tissoe of the vessel wall proximate to an culer surface of

the cryoballoon; and

26-
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transterring heat to non-targeted tissue of the vessel wall proximate the at least one

heating ¢lement to inhibit cryogenic ablation of the non-targeted tissue.

17. The method of clatm 16 wherein transferring heat to non-targeied tissue of the
vessel wall proximate the at least one heating clement comprises transferring heat to the non-
targeted tissue via an clectrical current delivered to a plurahity of electrodes at an outer surface

of the cryoballoon.

18, The method of claim 17, further comprising:

measuring  temperatures  proximate the plurality of electrodes via  adjacent
thermocouples; and

mdependently controlling the mdividual electrodes to selectively transfer the heat to the

non-targeted tissue in response to the measured temperatures.
19, The method of clatm 16 wherein transferring heat fo non-targeted tissue of the
veasel wall proximate the at least one heating element comprises recetving a heated thud in s

phurality of lumens defined a plurality of microtubes.

20.  The method of claim 19, further comprising circulating the heated fluid across a

length of the cryoballoon during cryogenic ablation of the targeted tissue.

21, The method of claim 19 wherein:

receiving the heated fluid comprises receiving the heated fluid from a supply umen in
the shaft; and

the method further comprises distally dispelling the heated fhuid into a blood stream of

the renal vessel.

22, The method of claim 19 wherein:

receiving the heated {luid comprises receiving blood from a blood stream of the renal
vessel at proximal openings of the lumens; and

the method further comprises distally dispelling the blood mto the blood stream via

distal openings of the tumens.
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23, The method of claim 16, further comprising:
measuring a temperature of an outer surface of the crycballoon;
sclectively increasing the temperature of the outer surface via the at least one heating

clement when the measured temperature 1s above a threshold teroperature.

24, The method of claim 16 wherein transferring heat to non-targeted tissue of the
vessel wall proximate the at least one heating clement comprises maintaining temperatures of
non-targeted tissue proximate the at least one heating element between 5° C and 45° C during

cryogenic ablation of the targeted tissue.
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