20137163325 A2 I 000 OO0 0O 0

S
=

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2013/163325 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

(72

74

31 October 2013 (31.10.2013) WIPOIPCT
International Patent Classification: (81)
A61B 18/02 (2006.01)
International Application Number:

PCT/US2013/038036

International Filing Date:
24 April 2013 (24.04.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/458,120 27 April 2012 (27.04.2012) US

Applicant: MEDTRONIC ARDIAN LUXEMBOURG
SARL [LU/LU]; 102 rue des Maraichers, L-2124 Luxem-
bourg (LU).

Inventor; and

Applicant (for US only): NASH, Stephen [US/US]; c/o
IP Legal Department, Medtronic Vascular Inc., 3576 Un-
ocal Place, Santa Rosa, California 95403 (US).

Inventor: KELLY, Grace; c/o IP Legal Dept., Medtronic
Vascular Inc., 3576 Unocal Place, Santa Rosa, California
95403 (US).

Agent: KOPCZYNSKI, Jeffie A.; c/o IP Legal Depart-
ment, 3576 Unocal Place, Santa Rosa, California 95403

(US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, ZW.

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

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SHAFTS WITH PRESSURE RELIEF IN CRYOTHERAPEUTIC CATHETERS AND ASSOCIATED DEVICES, SYS-
TEMS, AND METHODS

FIG. 1

(57) Abstract: Cryotherapeutic systems with features that can facilitate pressure relief in the event of exhaust-passage blockage and
associated devices, systems, and methods are disclosed herein. A cryotherapeutic system configured in accordance with a particular
embodiment can include an elongated shaft having a distal portion and a pressure-relief portion proximal to the distal portion. The
cryotherapeutic system can further include a supply lumen, an exhaust passage, and a balloon configured to receive refrigerant from
the supply lumen and to exhaust refrigerant to the exhaust passage. The pressure-relief portion can be configured to release refriger-
ant from the exhaust passage when a pressure of refrigerant in the exhaust passage exceeds a threshold pressure less than a pressure
rating of the balloon. The pressure-relief portion, for example, can include a rupture element contigured to rupture at about the
threshold pressure.
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SHAFTS WITH PRESSURE RELIEF IN CRYOTHERAPEUTIC
CATHETERS AND ASSOCIATED DEVICES, SYSTEMS, AND
METHODS

TECHNICAL FIELD

{0061}  The present technology relates generally to  cryotherapeuntic devices {e.g.,
cryotherapeutic catheters inchuding balloons configured to expand within the vasculature of a
patient}. In particular, several embodiments are directed to shafis with pressure relief in

cryotherapeutic catheters and associated devices, systems, and methods.

BACKGROUND

{00621  Cryotherapy can be a useful treatment modality in a wide range of catheter-based
interventional procedures. For example, cryotherapeutic cooling can be used to modulate
nerves or affect other tissue proximate anatomical vessels and other fumens or cavities in the
body. This can reduce undesirable veural 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, systemic sympathetic activity, associated
prathologies, and other conditions. Cryotherapy can also be used for ablating tumors, treating
stenosis, and other applications. In some cryotherapeutic procedures, it can be useful to
deliver cryotherapy via a balicon that can be expanded within an anatomical vessel or lumen.
Such balloons can be operatively connected to exiracorporeal support components (e.g.,
refrigerant supplics). As the applicability of cryotherapy for surgical intervention continues
to expand, there is a need for innovation in the associated devices, systems, and methods
{c.g., with respect to efficacy, efficiency, and/or reliability).  Such innovation has the
potential to further expand the role of cryotherapy as a tool for improving the health of

patients.

BRIEF DESCRIPTION OF THE DRAWINGS

{00637 Many aspects of the present disclosure can be better understood with reference to
the following drawings. The componenis m the drawings are not necessarily fo scale.

instead, emphasis is placed on illustrating clearly the principles of the present technology.
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Furthermore, components can be shown as transparent in certain views for clarity of

ithastration only and vot to indicate that the 1ilustrated compouent 18 necessarily transparent.

{3004} FIG. 1 18 a perspective view illustrating a cryotherapeutic systern configured 1o

accordance with an embodiment of the present technology.
{30051  FIG. 2 is a cross-sectional view of the cryotherapeutic system of FIG. 1.

10066]  FIGS. 3-6 are cross-sectional views illustrating cryotherapeutic systems configured

in accordance with additional embodiments of the present technology.

DETAILED DESCRIPTION

10067  Specific details of several embodiments of the present technology are described
herein with refercuce to FIGS. 1-6. Generally, voless the context indicates otherwise, the
terms "distal” and "proximal” within this description reference a position relative to a
refrigerant source, an operator, and/or an entry point info a patient. For ease of reference,
throughout this disclosure identical reference numbers are used to identify similar or
analogous components or features, but the use of the same reference number does not imply
that the parts should be construed to be identical. Indeed, in many examples described

herein, the wdentically numbered parts arce distinct in structure and/or function.

{00038}  In cryotherapeutic procedures, it can be desirable to apply cooling with high
selectivity, Reducing coohing of non-targeted structures and tissue can cnhance cooling
efficiency and reduce complications. Although both high-pressure refrigerants and iow-
teraperature refrigerants are potentially useful for cryotherapy, high-pressure refrigeranis can
be particularly well suited for delivering intense, targeted cooling to specific locations within
the body, particularly in relatively small-diameter catheters.  In many cases, the cooling
potential of high-pressure refrigerants can be maintained more readily during transport
through the catheter than low-temperature refrigerants. For exaraple, a suitable strong-walled
conduit can be used to convey a high-pressure vefigerant from an extracorporeal source to a
delivery location at a distal end of a catheter with relatively little loss of cooling potential
becaunse the cooling action occurs upon expansion of the refrigerant at the distal end of the
catheter. In contrast, as a low-temperature refrigerant moves along a catheter, it can be
difficult to prevent the low-temperature refrigerant from absorbing heat from swrrounding

structures and tissue. Thermal insulation can be used to control such heat transfer o some
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extent, but adequate thermal insulation can be excessively bulky for use in modern, small-

diameter catheters.

{3009]  While advauntageous i many respects, the use of high-pressure refrigerants can
place certain constraints on catheter construction.  For cxample, tubes configured to carry
refrigerant supplios typically arc constructed of metal, hard polymers {e.g., polyimides), or
other suitable materials, and have wall thicknesses that allow the tubes to have pressure
ratings higher than the pressures of the refrigerants they are configured to transport. After a
high-pressure refrigerant undergoes expansion and cooling, ifs pressure can decrease
dramatically,  Accordingly, the catheter componcuts that contain the refrigerant after
expansion are not himited to strong-walled tubes and similar high-strength structures with
pressure ratings higher than the pressures of the refrigerant before expansion. Furthermore,
some cryotherapeutic procedures use balloons because they can be relatively corapact when
not inflated, thereby allowing for delivery through narrow anatomical vessels and humens,
and they can expand to generally conform to the size and shape of the treatment location.
Balloons also can have relatively thin walls well suited for cryotherapeutic heat transfer.
Thin-walled cryotherapy balloons, however, typically have relatively low pressure ratings.
For example, cryotherapeutic balloons typically have pressure ratings well below the supply

pressures of suitable high-pressure refrigerants.

{0018}  In somc embodiments of the present technology, a high-pressure refrigerant can be
transported along at least a portion of the length of a catheter and then expanded to a
relatively low-temperature and low-pressure state via the Joule-Thomson effect alone or in
combination with evaporative cooling. The catheter can be constructed such that the
expansion can occur at or near a balloon. With a sufficient pressure drop, cooling from near
ambicnt tomperatures to cryogenic temperatures can be achieved. Suitable refrigerants for
pressurization and expansion in cryotherapeutic devices include, for example, NoO, OOy, and
hydrofluorocarbons (¢.g., Freon® refrigerant, R-410A, cte.), among others. To maintaim a
pressure drop within a balloon, an exhaust passage can be provided from the balloon to the
atmosphere or to a low-pressure containment vessel. Since expanded refrigerant has a lower
density than high-pressure refrigerant, the exhaust passage can have a greater free-passage
arca than a corresponding supply lumen. During normal operation, evacuation of cxpanded
refrigerant via the exhaust passage maintains the pressure in the balloon sufficiently below

the high pressures associated with the refrigerant supply.
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{0011}  If the exhaust passage is blocked while the supply of high-pressure refrigerant to
the balloon continues, the pressure in the balloon can build up until it equilibrates with the
pressure of the supply lumen. Similarly, the pressure in the balloon can approach a lower,
but still clevated, pressure if the exhaust passage becomes partially blocked. The exhaust
passage can be partially or fully blocked, for example, due to an operator error {e.g., if an
extracorporcal line carrying the exhaust passage becomes kinked or compressed or if a
backpressure control valve is closed unexpectedly). In these and other such scenarios, it is
possible that the pressure within the balloon can exceed the pressure rating of the balloon,
which can be related to the pressure at which the balloon is likely to fail. Balloon failures can
mclude, for cxample, bursting, lecakage, cxcessive expansion {c.g., bevond the clastic
tolerances of surrounding anatomical vessels or lumens), or combinations thereof, In some
cases, the pressure rating of a balloon can correspond to a burst pressure of the balloon. It is

undesirable for balloons fo fail during a procedure for 4 nurber of reasons.

{6012}  Cryotherapeutic devices, systerns, and methods configured i accordance with
embodimeunts of the present technology can inchade one or more features useful for reducing
the likelihood of balloon failures {c.g., associated with cxcessive pressure build up within a
balloon due to partial or complete blockage of an exhaust passage). For example, some
embodiments can include one or more features configured to release pressure sutomatically
when the pressure within the balloon is about to reach, reaches, or exceeds a predetermined
threshold relative to the pressure rating of the balloon or another pressure level. These

featares can prevent or at least mitigate undesivable balloon failure.

{0813} FIGS. 1-2 are, respectively, perspective and cross-sectional views illustrating a
cryotherapeutic system 100 configured in accordance with an embodiment of the present
techuology. The cryotherapeutic systern 100 can include a guide catheter 102 and a treatroent
catheter 104, As shown in FIGS. 1.2, the treatment catheter 104 can be configured for
msertion mto and through the guide catheter 102, In some embodiments, the guide catheter
102 can be 8 French or smaller {(e.g., 7 French, 6 French, or smaller}. The guide catheter 102
can nclude a guide passage 125 through which the freatment catheter 104 can be axially
advanced and retracted. The cryotherapeutic system 100 can further include a guide wire 113
that can facilitate introducing the guide catheter 102 and/or the treatment catheter 104 to a
desired location within the vessel or lumen. For example, during a treatment procedure, the

guide wire 113 can be introduced percutancously or through a natural anatomical orifice of
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the patient and advanced along a suitable catheterization path. Imaging (c.g., ultrasound,
fluoroscopy, or another suitable imaging modality} can be used to aid in navigating the guide
wire 113. Once in position, the guide catheter 102 can be advanced over the guide wire 113
and the treatment catheter 104 can subsequently be advanced through the guide passage 125
and over the guide wire 113, In other embodiments, the guide catheter 102 and the guide
wire 113 can be introduced simultancously. In still other embodiments, the guide catheter

192 and the treatment catheter 104 can be configured for use without a guide wire 113.

{3014}  The treatment catheter 104 can include an clongated shaft 108 and a balloon 110 at
a distal portion 112 of the shaft 108, The shaft 108 can be configured to locate the distal
portion 112 within a vessel or fumen of a human patient.  The treatment catheter 104 can
further include a guide lumen 114 and a supply lumen 116 extending along at least a portion
of the shaft 108, and the supply tamen 116 can have an onifice 118 within the balloon 110
The balicon 110 can extend from a stepped-down segment 120 of the distal portion 112 to an
outer surface of the guide lumen 114, The supply lumen 116 cav be configured to supply
high-pressure refrigerant to the balioon 110 via the orifice 118, The high-pressure refrigerant
can change phasc from a liquid to a gas within the balloon 110, which can expand and cool
the balioon 110. The treatment catheter 104 can also have an exhaust passage 122 extending
proximally from the balloon 110 along at least a portion of the shaft 108 {c.g., around the
guide fumen 114 and the supply lumen 116} to the atmosphere or an extracorporeal
containment vessel (not shown}, During operation, refrigerant flows to the balloon 110
through the supply lumen 116 and out of the balloon 110 via the exbaust passage 122. The
exhaust passage 122 can have a greater frec-passage arca than the supply lumen 116 to
accornmodate the lower density of expanded rvefrigerant relative to the high-pressure

refrigerant within the supply lumen 116,

{6615]  As shown in FIGS. 1-2, the treatment catheter 104 can be configured to extend
beyond a distal opening 123 of the guide catheter 102, For example, during a treatment
procedure, at least a portion of the distal portion 112 of the shaft 108 can extend beyond the
distal opening 123 1o locate the balloon 110 at a desired treatment location spaced apart from
the distal opening 123. When the balioon 110 is outside the guide passage 125 of the guide
catheter 102, the balloon 110 can radially expand to a diameter greater than the diameter of

the guide passage 125.
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{6816}  The shaft 108 can further include a pressure-relief portion 124 located proximally
relative to the distal portion 112, In some embodiments, the distal portion 112 can extend
along an entire length of the treatment catheter 104 between the pressure-relief portion 124
and the balloon 118, In other embodiments, the shaft 108 can include an intermediate portion
{not shown) between the pressure-reliet portion 124 and the distal portion 112, The pressure-
rehief portion 124 can be configured to release refrigerant from the exhaust passage 122 {e.g.,
to a space in the guide passage 125 between the treatment catheter 104 and the guide catheter
102) when a pressure of refrigerant in at least a portion of the exhaust passage 122 {c.g., a
portion at or near the pressure-relief portion 1243, the balloon 110, or both exceeds a
threshold pressure. The threshold pressure, for exaraple, can be less than g pressure rating of

the balloon 110 {e.g., a pressure rating correspouding to a burst pressure of the balloon 110).

{08177  As shown in FIGS. 1-2, the distal portion 112 can include a first segment 108a of
the shatt 108 and the pressure-relief portion 124 can include a second segment 108b of the
shatt 108, The first and second segments 1{38a-b can be attached to one another at a lap joint
126 (c.g., via compression, adhesive bonding, thermal welding, or asother suitable
attachracnt mechanisin). For example, a proximal end 128 of the first scgment 108a can be
within the second segment 108D at the lap jomt 126. In other embodiments, a distal end 130
of the second scgment [08b can be within the first segment 108a at the lap joint 126, As
shown in FIGS. 1-2, the diameter of the first segment 108a can be less than the diameter of
the second segment 108b. Correspondingly, the free-passage area of the first segment 108a
can be less than the free-passage area of the second segruent 108b. The free-passage area of
the first scgment [0¥a can define the free-passage arca of the overall exhaust passage 122,
Since refrigerant can warm and expand as it travels proximally along the exhaust passage
122, the smaller free-passage arca of the first segment 108a relative to the free-passage arca
of the second segment 108b can have hittle or no effect on flow through the exhaust passage

122.

{3818}  The lap joint 126 can provide a particularly strong connection between the first and
second segments 108a-b, but other conncctions can also be used. For example, FIG. 3 15 a
cross-sectional view illustrating a cryotherapeutic system 300 configured in accordance with
an crobodimaent of the present technology that 1s similar to the cryotherapeutic system 100
shown in FIGS. 1-2. The cryotherapeutic system 300 can include a treatroent catheter 302

having an clongated shaft 304 with a distal first scgment 304a connected to a proximal
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second segment 304b by a butt joint 306 in place of the lap joint 126 shown i FIGS. 1-2.
The shaft 304 can include a pressure-relict portion 308 defined by the second segroent 304b
which has a diameter at least approximately equal to the diameter of the first segment 304a.
The first segment 304a can be a component of the distal portion 112, The butt joiut 306 can
be formed by adhesive bonding, thermal welding, or another suitable attachment mechanism

between the first and second segrents 304a-b.

{06191  With reference to FIGS. 1-3, in some embodiments, the distal portion 112 can have
a wall strength {e.g., yield strength or ultimate tensile strength) greater than a wall strength of
the pressure-rehef portion 124, 308, For cxample, the first segment 108a, 304a can have a
wall strength greater than a wall strength of the second segment 108b, 304b. The wall
strenngth of all or a portion of the pressurc-relicf portion 124, 30¥ or the sccond segment 108b,
304b, for example, can be less than about 80% (e.g., less than about 60% or less than about
40%) of that of the distal portion 112 or the first segment 108a, 304a. Different constructions
and/or composttions can cause the different wall sirengths. For example, the pressure-relief
portion 124, 308 or the second segment 108b, 304b can inclhude walls that are thinner and/or
rnade of weaker materials than walls of the distal portion 112 or the first scgment 108a, 304a.
In some embodiments, the pressure~-relief portion 124, 308 or the second segment 108b, 304b
can be made of polyamide and the distal portion 112 or the first scgment 1084, 304a can be
made of polyimide. In other embodiments, the pressure-relief portion 124, 308 or the second
segment 108b, 304b can be made of a polyimide at a first thickness and the distal portion 112
or the fivst segroent 108a, 304a can be made of a polyimide at a second thickuess greater than
the first thickness. When the pressure-relicf portion 124, 308 or the second scgment 108b,
304b is braided, the braid pattern or density can be selected to cause a wall strength lower
than that of the distal portion 112 or the first segment 108a, 304a. Similarly, when the
pressurc-relief portion 124, 308 or the second segment 108b, 304b inchudes multiple layers,
the mumber of layers can be selected to cause a wall strength lower than that of the distal
portion 112 or the first segment 108a, 304a. A variety of other suitable materials and

configurations are also possible.

{6628]  The wall strength of the pressure-relief portion 124, 308 or the second segment
108b, 304b can be sclected o cause the pressurc-relief portion 124, 308 or the second
segment 108b, 304b to rupture at about the threshold pressure.  Accordingly, the pressure-

relicf portion 124, 308 or the second scgment 108b, 304b can be sacrificial and/or otherwise
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configured to fail before the balloon 110 fails during a maifunction in which the pressure in
the balloon 110 increases unexpectedly. Failure of the pressure-relief portion 124, 308 or the
second segment 108b, 304b can allow refrigerant to quickly flow into the space in the guide
passage 125 between the shaft 108 and the guide catheter 102, At least a portion of the
refrigerant in the space can then move proximally to a proximal opening (not shown) of the
guide catheter 102, In some embodiments, the pressure-relict portion 124, 308 or the second
segment 108b, 304b can be configured to rupture relatively rapidly.  For example, the
pressure-reliefl portion 124, 308 or the sccond segment 108b, 304b can include a relatively
brittie material, such as a material having an elongation at break less than about 50% (e.g.,
icss than about 30% or less than about 20%). In other emboediments, the pressure-relicf

portion 124, 308 or the second segment 108D, 304b can be configured to rupture more slowly.

{30211 In the cryotherapeutic systeros 100, 300 shown n FIGS. 1-3, it may be difficuli to
predict where the pressure-relief portion 124, 308 or the second segment 108b, 304a will
sacrificially release the pressure along the exhaust passage 122, As such, it way be desirable
to control the release of refrigerant at specific locations along the device. FIG. 4 is a cross-
sectional view illustrating onc exarnplc of a cryotherapeutic system 400 configured in
accordance with another embodiment of the present technology that includes a treatment
catheter 402 having a shaft 404 with a relatively short pressure-relief portion 406. The shaft
404 can further include a proximal portion 408 proximal to the pressure-relief portion 406, a
first lap joint 410 between the distal portion 112 and the pressure-relief portion 406, and a
second lap joint 412 between the pressure-reliet portion 406 and the proxiveal portion 408, In
other embodiments, the first and second lap joints 410, 412 can be replaced with butt joints or
other suttable connections. The pressure-reliet portion 436 can have a lower pressure rating
than the distal portion 112, the proximal portion 408, and the balloon 110 such that the

pressure-relief portion 406 prefercotially fails at a specific location along the device.

100221 FIG. S 15 a cross-sectional view illustrating a cryotherapeutic system 500
configured in accordance with an embodiment of the present techuology having another
pressure-rehiel configuration.  The cryotherapeutic system 500 can include a treatroent
catheter 502 having a shaft 504 with a pressure-relief portion 506 including a rupture element
508, In the embodiment shown in FIG. 5, the rupture element 508 does not extend around the
cutire circumference of the shaft 504, In other embodiments, the rupture clement 508 can be

annular and can extend around the entire circumference of the shaft 504. The rupture clement
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308 can include a membrane {(c.g., embedded within a wall of the pressure-relief portion
506), a weakened {e.g., scored and/or thinned) portion of a wall of the pressure-relief portion
506, or another suitable structure configured to break predictably in response to pressure.
The rupture elernent 508, for exaraple, can be configured to rupture in response to a pressure
in an adjacent portion of the exhaust passage 122 that is unear or exceeds the threshold
pressure. The size of the rupture clerent 508 can be selected to control the rate at which

refrigerant is released from the exhaust passage 122 into the space in the guide passage 1235,

{30231 With reference to FIGS. 1-3, the locations of the pressure-relief portions 124, 308,
406, 506 and/or portions thercof {e.g., the first segments 108a, 304a of the pressure-relief
portions 124, 308 and the rupture clement 508 of the pressure-relief portion 506) can be
selected to control the locations where refrigerant 15 released into the space in the guide
passage 125, In some embodiments, the release locations can be outside vessels or lumens of
patients during treatment procedures. For example, such release locations can be proximal
relative to entry points into the vessels or lumecus and, in some cases, proximal to proximal
openings of corresponding guide catheters 102.  Such release locations can reduce the
possibility that the refrigerant will be released info the vesscls or lumens via the distal
openings 123 of the guide catheters 102, Locations closer to the balloons 110, however, can
be usctul to decrcase pressure differential and/or delay between the release point along the
exhaust passages 122 and the balloon 110, This can improve the responsiveness of the
pressurc-relief portions 124, 308, 406, 506 to rapid inercases in pressure within the balloon
110, Furthermore, in some cases, the pressure-relief portions 124, 308, 406, 506 may have
limited effectiveness when blockages of the corresponding exhaust passages occur between
the pressure-relief portions 124, 30K, 406, 536 and the balloon 110, Decreasing the distance
between the pressure-relief portions 124, 308, 400, 506 and the balloon 110 can decrease the
itkelihood of such blockages. In some embodiments, the pressurc-relief portions 124, 308,
406, 506 can be proximally spaced apart from the balloon 110 such that the pressure-relief

portions 124, 308, 406, 506 arc just within the corresponding guide passage 125,

{00247  With refercuce again to FIG. S, the cryotherapeutic system 500 can also include a
guide catheter 510 having a flow restrictor 512 around a perimeter of the guide passage 125.
In other embodiments, the freatment catheter 502 can include the flow restrictor 512 at a
position distal to the pressure-reliet portion 506, The flow restrictor 512 can be configured to

reduce or prevent distal flow of released refrigerant within the guide passage 125 through the
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distal opening 123 and into a vessel or lumen of a patient. Instead, the path of least resistance
for the released refrigerant can extend proximally through the guide passage 125 to the
proximal opening of the guide catheter 510 outside the vessel or lumen. In some
embeodiments, the fHow restrictor 512 can be at least partially avnular and/or compressible and
configured to conform to the shaft 504, Furthermore, the flow restrictor 512 can be
configured 1o reduce or prevent proximal blood flow within the guide catheter 510 1n addition
to reducing or preventing distal refrigerant flow. Other embodiments can incinde different
features for reducing or preventing distal flow of relessed refrigerant.  For exaraple, the
cryotherapeutic system 200 shown in FIG. 2 can be modified such that the second segment
108b 1s within the first segment 108a at the lap joint 126 and the distal portion 112 has a
{arger diamcter than the pressure-velief portion 124, This can reduce the space in the guide
passage 125 around the distal portion 112 and thereby encourage flow of released refrigerant
in a proximal direction. In sowe erbodiments, refrigerant released nto a vessel or lumen of
a patient through the distal opening 123 can be less problematic than refrigerant release
resulting from a balloon failure, thereby reducing the usefulness of the flow resirictor S12.
Furthermore, the pressure-relief portion 506 can be located closer to the proximal opening of
the guide catheter 510 than to the distal opening 123 of the guide catheter 510, which can
delay or prevent refrigerant release into a vessel or lumen of a patient through the distal

opening 123,

[0625] In some cmbodiments the diameter of the treatraent catheter 502 and/or the
diameter of the gude catheter 510 can be selected to size the space therebetween in the guide
passage 125, For cxample, a difference between the outer diameter of the shaft 504 at and
the inmer diameter of the guide passage 125 can be greater than about 0.2 mm {¢.g., greater
than about 0.3 mum or greater than about 0.4 mm) along at least about 100 cm of the shaft 504
extending proximally from the pressure-reliet portion 506, In some cases, however, 1t can be
useful to reduce the size of the space in the guide passage 125 in favor of increasing the size
of the shaft 504, For example, larger-diameter shafts can support greater cooling. FIG. 618 a
cross-sectional view illustrating a cryotherapeutic system 600 configured in accordance with
an embodiment of the present technology and mmcluding a treatment catheter 602 and a guide
catheter 603, The treatment catheter 602 can include a shaft 604 having a pressure-relief
portion 606 with a rupture clement 608, The guide catheter 603 can be smaller and/or the
shatt 604 can be larger than the embodiments shown n FIGS. 1-5 to provide a relatively

close fit that restricts the distal flow of refrigerant along the space in the guide passage 125,

-16-
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{0026}  The pressure-relief portion 606 and portions of the shaft 604 proximal to the
pressure-reliet portion 606 can have a smaller diameter than the distal portion 112 such that
there is more space between the proximal portion of the shaft 604 and the guide catheter 602.
This can facilitate the proximal flow of refuigerant along the space within the guide passage
125 {e.g., from a release Jocation proximate the rupture clement 608 along a generally
continuous path to a proximal opening of the guide catheter 603). The path, for cxample, can
be greater than about 100 cm {(e.g., greater than about 200 cm or greater than about 300 cm)
in length and can extend proximally from the rupture clement 608, In some ernbodiments,
the pressure-relief portion 606 can be configured to deform from a first state (not shown) in
which the pressure-rehief portion 606 has a diamcter sirnlar to the diameter of the distal
portion 112 to a second state (shown in FIG. 6) 10 which the rupture clement 608 is ruptured
and the pressurc-relief portion 606 deforms inwardly. The pressure-rehief portion 606 can
deform, for example, n response to pressure within the space in the guide passage 125
exceeding a threshold pressure.  As shown in FIG. 6, in some embodiments, the pressure-
rehief portion 606 can deform generally evenly, In other embodiments, the pressure-reliet
portion 606 and portions of the shaft 604 proximal to the pressure-relief portion 6036 can be
configured to selectively deform (¢.g., along a channel). Detorming can oceur, for cxample,
as a result of reversible or rreversible compression or expansion of at least a portion of a wall
of the shaft 604. For cxaraple, the shaft 604 can be at least partially clastic, folded,
articulated, or otherwise configured to expand or contract in response to pressure within the
guide passage 125, In other embodiments, the shaft 604 can have general or local wall
strength sufficiently low to allow the shaft 604 {o deform mwardly m response to pressore

within the guide passage 125.

{66277 In some embodiments, the disclosed pressure-reliet features can be redundant to
other features mtended to prevent balloon failures. For example, the cryotherapeutic systems
shown in FIGS. 1-6 can include one or more pressure sensors (not shown) configured to
monitor pressures within the balloon 110 and controliers (not shown) configured to stop
refrigerant flow to the balloon 110 if the monitored pressures increase above threshold
pressures. In other embodiments, the disclosed pressure-relief features can take the place of
pressure monitoring.  Furthermore, reducing the ikelihood of balloon failure can allow for
greater freedom in balloon constructions and compositions.  In some embodiments, the
balloon 110 can have a pressure rating less than about 400% (ec.g., less than about 380% or

icss than about 200%) of a steady-statc pressure within the balloon 110 during normal
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operation. This can facilitate, for example, the use of balloons 110 having thinner walls and

greater elasticity.

Examples

1. A cryotherapeutic system, comprising:

an clongated shaft including a distal portion and a pressure-relief portion, the shaft
configured to locate the distal portion within a vessel or lumen of a human
patient;

a supply lumen extending along at least a portion of the shaft and bhaving a first free-
[rassage arca;

an exhaust passage extending along at least a portion of the shaft and having a second
free-passage area; and

a balloon configured to receive refrigerant from the supply lumen and to oxhaust
refrigerant to the exhaust passage, the balloon having a pressure rating,
wherein—
the balloon is proximate the distal portion, and
the pressurc-relicf portion is configured to release refrigerant from the exhaust

passage when a pressure of refrigerant in the exhaust passage at or near

the pressure-relief portion exceeds a threshold pressure.

2. The cryotherapeutic system according to example 1, wherein the distal portion
extends along a length of the shaft between the pressure-relief portion and the balloou.
3. The cryotherapeutic system according to example 1 or example 2, wherein the

threshold pressure is less than the pressure rating of the balloon.

4. The cryotherapeutic system according to any of cxamples 1-3, wherein the

second frec-passage area s greater than the first free-passage arca.
3. The eryotherapeutic system according to any of examples 1-4, wherein the

distal portion and the pressurc-relief portion are configured to fit within a guide catheter that

is 8 French or smaller,

-12-
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6. The cryotherapeutic system according to any of cxamples 1-5, wherein the

pressure rating corresponds o a burst pressure of the balloon.

7. The cryotherapeutic system according o any of examples 1-6, wheretn the
pressure-relief portion includes a rupture clement configured to rupture at about the threshold
pressure.

R. The cryotherapeutic system according fo example 7, wherein the shaft s
deformable along a path greater than about 100 cm in length and extending proximally from

the rupture elernent.

9. The cryotherapeutic system according to any of examples 1-8, wherein—
the distal portion inclades a first segment of the shaft having a first wall strength, and
the pressure-relief portion includes a second segment of the shaft having a second

wall strength less than the first wall strength.

10, The cryotherapeutic system according to cxample 9, wherein the second wall

strength s selected to cause the second segment to rupture at about the threshold pressure.

11, The cryotherapeutic systern according to example 9 or exaraple 10, wherein

the first segment is attached to the second segment at a butt joint.

12, The cryotherapeutic system according to any of examples 8-11, wherein—
the first segment defines the second free-passage area, and

the second segment has a third free-passage area greater than the second free-passage

area.
13. The cryotherapeutic system according to any of examples 9, 10 or 12, wherein

the first segment is attached to the second segment at a lap joint.

14, The cryotherapeutic system according to cxample 13, whercin the first

segment inchudes a proxamal end within the second segment at the lap joint.
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15. A cryotherapeutic system, comprising:
a guide catheter juclading a distal opening, a proximal opening, and a guide passage
extending between the distal opening and the proximal opening;
an clongated shaft configured to wove axially withiu the guide passage, and mchuding
a distal portion and a pressure-relief portion proximal to the distal portion, the
shaft configured to locate the distal portion within a vessel or lamen of a
human patient;
a supply lumen extending along at least a portion of the shaft;
an exhaust passage extending along at least a portion of the shaft; and
a balloon configured to receive refrigerant from the supply lumen and to oxhaust
refrigerant fo the exhaust passage, the balloon having a pressure rating,
wherein—
the distal portion extends between the pressure-~relief portion and the balloon,
and
the pressurc-relict portion s configured to release refrigerant from the cxhaust
passage to a space between the shaft and the guide catheter when a
pressure of refrigerant in at least a portion of the exhaust passage, the
balloon, or both approaches and/or exceeds a threshold pressure related

to the pressure rating of the balioon.

16.  The cryotherapeutic system according to exaraple 15, whercin the guide

catheter is 8 French or smaller.

17.  The eryotherapeutic system according to example 15 or example 16, wherein a
difference between an outer diameter of the shaft and an inner diameter of the guide passage
is greater than about 0.2 mm along at least about 100 cm of the shaft extending proximally

from the pressurc-relief portion.

18 The cryotherapeutic system according to any of examples 15-17, wherein—
the threshold pressure is a first threshold pressure, and
the shaft is at least partially deformable when a pressure in the space exceeds a second

threshold pressure.

-14-



WO 2013/163325 PCT/US2013/038036

19, The cryotherapeutic system according to example 18, wherein the second

threshold pressure is greater than the first threshold pressure.

20.  The cryotherapeutic system according to any of exaroples 13-19, further
comprising a flow restrictor configured to prevent flow of refrigerant distally from the space
through the distal opening of the guide catheter.

21, The cryotherapeutic system according to example 20, wherein the flow

restrictor is at least partially annular and compressible.

22, A method, comprising:

introducing a guide catheter nto a vessel or lumen of a human patient;

moving a treatment catheter axially along a guide passage of the guide catheter, the
treatroent catheter including a supply lumen, an exhaust passage, and a
balloon;

supplying refrigerant to the balloon through the supply lurnen;

exhausting refrigerant from the balloon through the exhaust passage; and

releasing refrigerant into a space between the treatiment catheter and the guide catheter
when a pressure of refrigerant in at least a portion of the exhaust passage

exceeds a threshold pressure less than a pressure rating of the balloon.

23, The method according to exarmple 22, wherein releasing refrigerant into the
space includes rupturing a rupture element configured to rupture at about the threshold

pressure.

24, The method according to cxample 22 or example 23, wherein releasing
refrigerant info the space includes—
releasing refrigerant into the space at a release location, and

exhausting refrigerant proxamally through the space from the release location.

25.  The method according to example 24, wherein the release location is within

the vessel or lumen.

-i5-
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26.  The method according to example 24, wherein the release location is outside

the vessel or lumen.

27.  The method according to any of examples 24-26, further comprising
deforming the treatment catheter along a generally continuous path from the release location

to a proximal opening of the guide catheter.

Conclusion

{6628]  The above detailed descriptions of embodiments of the present technology are for
purposes of illustration only and are not intended to be exhaustive or to himit the present
technology to the precise form(s) disclosed above. Various equivalent modifications are
possible within the scope of the present technology, as those skilled in the relevant art will
recognize.  For example, while stages may be presented i a given order, aliernative
embodiments may perform stages in a different order. The various embodiments described
herein and clements thereof may also be combined to provide further embodiments. In some
cases, well-known structures and functions have not been shown or described in detail to

avoid unnecessarily obscuring the deseription of cmbodiments of the present technology.

{00297  Where the context permits, singular or plural terms may also include the plural or
singular terms, respectively. Moreover, unless the word "or" is expressly limited to mean
only a singie ttem exclusive from the other items in reference to a list of two or more items,
then the use of "or” in such a list is to be interpreted as including (a) any single tem in the
list, {(byall of the wems in the hist, or {c)any combination of the items in the list
Additionally, the terms "coraprising” and the like are used throughout the disclosure to wean
including 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
varigus modifications may be made to the described embodiments without deviating from the
present technology. Further, while advantages associated with certain erobodiments of the
present technology have been described in the context of those embodiments, other
cmbodiments roay also exhibit such advantages, and not all crobodiments need necessarily

exhibit such advaniages to fall within the scope of the present technology. Accordingly, the

-16-
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disclosure and associated technology can encompass other embodiments not expressly shown

or described herein.
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CLAIMS

VWe claim:

1. A cryotherapeutic system, comprising:
an clongated shaft including a distal portion and a pressurc-relict portion, the shaft
configured to locate the distal portion within a vessel or lumen of a human
patient;
a supply lumen extending along at least a portion of the shaft and bhaving a first free-
[rassage arca;
an exhaust passage extending along at least a portion of the shaft and having a second
free-passage area; and
a balloon configured to receive refrigerant from the supply lumen and to oxhaust
refrigerant to the exhaust passage, the balloon having a pressure rating,
wherein—
the balloon is proximate the distal portion, and
the pressurc-relict portion s configured to release refrigerant from the cxhaust
passage when a pressure of refrigerant in the exhaust passage at or near
the pressurc-relief portion exceeds a thresheld pressure.
2. The cryotherapeutic systern according to claim 1, wherein the distal portion
extends along a length of the shaft between the pressure-relief portion and the balloou.
3. The cryotherapeutic system according to claum 1, wherein the threshold

pressure is less than the pressure rating of the balicon.

4. The cryotherapeutic system according to claim 1, wherein the second free-

passage area is greater than the fivst free-passage area.

3. The cryotherapeutic system according to claim 1, wherein the distal portion
and the pressure-relicf portion are configured to fit within a guide catheter that is 8 Fronch or

smaller.
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6. The cryotherapeutic system according to claim 1, wherein the pressure rating

corresponds to a burst pressure of the balloon,

7. The cryotherapeutic system according to claim 1, wherein the pressure~relief

portion includes a rupture clement configured to rupture at about the threshold pressure.

8. The cryotherapeutic systermn according to claimm 7, wherein the shaft is
deformable along a path greater than about 100 om in length and extending proximally from

the rupture clement.

Q. The cryotherapeutic system according to claim 1, wherein—
the distal portion includes a first segment of the shaft having a first wall strength, and
the pressure-relief portion includes a second segment of the shaft having a second

wall strength less than the first wall strength.

10.  The cryotherapeutic system according to claim 9, wherein the secound wall

strength 1s selected to cause the second segment to rupture at about the threshold pressure.

11, The cryotherapentic system according to claim 9, wherein the first segment is

attached to the second segment at a butt joint.

12, The cryotherapeutic system according to claim 9, wherein—
the first segment defines the second frec-passage area, and
the second segmcut has a third free-passage area greater thao the second free-passage

arca.

13, The cryotherapentic system according to claim 9, wherein the first segment is

attached to the second segment at a lap joint,

14, The cryotherapeutic systern according to claim 13, wherein the first segment

includes a proximal end within the second segment at the lap joint.
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15. A cryotherapeutic system, comprising:
a guide catheter juclading a distal opening, a proximal opening, and a guide passage
extending between the distal opening and the proximal opening;
an clongated shaft configured to wove axially withiu the guide passage, and mchuding
a distal portion and a pressure-relief portion proximal to the distal portion, the
shaft configured to locate the distal portion within a vessel or famen of a
human patient;
a supply lumen extending along at least a portion of the shaft;
an exhaust passage extending along at least a portion of the shaft; and
a balloon configured to receive refrigerant from the supply lumen and to oxhaust
refrigerant fo the exhaust passage, the balloon having a pressure rating,
wherein—
the distal portion extends between the pressure-~relief portion and the balloon,
and
the pressurc-relict portion s configured to release refrigerant from the cxhaust
passage to a space between the shaft and the guide catheter when a
pressure of refrigerant in at least a portion of the exhaust passage, the
balloon, or both approaches and/or exceeds a threshold pressure related

to the pressure rating of the balioon.

16.  The cryotherapeutic system according to claim 15, wherein the guide catheter

158 8 French or smaller.

17.  The cryotherapeuntic system according to claim 15, wherein a difference

between an outer diameter of the shaft and an inner diamecter of the guide passage is greater
™ g &

than about 0.2 mm along at least about 100 cm of the shaft extending proximally from the

pressure-relief portion.

18 The cryotherapeutic system according to claim 15, wherein—
the threshold pressure is a first threshold pressure, and
the shaft is at least partially deformable when a pressure in the space exceeds a second

threshold pressure.

26-
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19, The cryotherapeutic system according to claim 18, wherein the second

threshold pressure is greater than the first threshold pressure.

20.  The cryotherapeutic system according fo claim 13, further comprising a flow
restrictor configured to prevent flow of refrigerant distally from the space through the distal

opening of the guide catheter.

21, The cryotherapeutic system according to claim 20, wherein the flow restrictor

is at least partiaily anmular and compressible.

22, A method, comprising:

wiroducing a guide catheter imto a vessel ot lumen of a human patient;

moving a treatment catheter axially along a guide passage of the guide catheter, the
treatroent catheter including a supply lumen, an exhaust passage, and a
balloon;

supplying refrigerant to the balloon through the supply lurnen;

exhausting refrigerant from the balloon through the exhaust passage; and

releasing refrigerant into a space between the treatraent catheter and the guide catheter
when a pressure of refrigerant in at least a portion of the exhaust passage

exceeds a threshold pressure less than a pressure rating of the balloon.

23, The method according to claim 22, wherein releasing refrigerant into the space

includes rupturing a rupture clement configured to rupture at about the threshold pressure.

24, The method according to claim 22, wherein releasing refrigerant into the space
includes—
releasing refrigerant into the space at a release location, and

cxhausting refrigerant proximally through the space from the release location.

25, The method according to claim 24, wherein the release location is within the

vessel or lumen.
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26.  The method according to claim 24, wherein the release location is outside the

vessel or lumen.
27.  The method according to clamn 24, further comprising deformiong the

treatment catheter along a generally continuous path from the release location to a proximal

opening of the guide catheter.

27
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