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FIG. 6

(57) Abregée/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
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(57) Abrege(suite)/Abstract(continued):
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
refrigerant 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 configured to rupture

at about the threshold pressure.
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(57) Abstract: Cryotherapeutic systems with features that can facilitate pressure relietf in the event of exhaust-passage blockage and
assoclated devices, systems, and methods are disclosed heremn. A cryotherapeutic system configured in accordance with a particular
embodiment can include an elongated shaft having a d.ictal 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-reliet portion can be contfigured 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 configured to rupture at about the
threshold pressure.
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SHAFTS WITH PRESSURE RELIER IN CRYOTHERAPEUTIC
CATHETERS AND ASSOCIATED DEVICEDS, SYSTEMS, AND
METHODS

TRECHNICAL FIELD

{0GG1] The present technology relates generally to  cryotherapeutic devices {e.g.,
cryotherapeutic catheters mnchuding balloons configured to expand within the vasculature of a
paticnt}. In particular, several embodiments are directed to shatts with pressure relief

cryvotherapeutic catheters and associated devices, systems, and methods.

BACKGROUND

{0082]  Cryotherapy can be a usctul treatment modality i a wide range of catheter-based
mterventional procedures. For example, crvotherapeutic cooling can be used to modulate
nerves or affect other tissue proximate anatomical vessels and other lumens or cavitics 1n the
body. This can reduce undesirable neural activity to achieve therapeutic benefits. Catheter-
bascd neuromoedulation utilizing cryotherapy can be used, for example, to modulate nerves
and thercby reduce pain, local sympathetic activity, systemic sympatbhetic activity, associated
pathologies, and other conditions. Cryotherapy can also be used for ablating tumors, treating
stenosis, and other applications.  In some cryotherapeutic procedures, 1t can be useful to
dehiver cryotherapy via a balioon that can be expanded within an anatomiycal vessel or lumen.
Such balloons can be operatively connected to exiracorporeal support components {(¢.g.,
refrigerant sgpplics). As the apphicability of ¢cryotherapy for surgical mtervention continucs
to expand, there 1s a need for innovation n the associated devices, systems, and methods
{c.g., with respect to ethicacy, efficiency, and/or rcliability).  Such mnovation has the
potential to further expand the roic of crvotherapy as a tool for improving the health of

patients.

BRIEF DESCRIPTION OF THE DRAWINGS

{B0G3]  Many aspects of the present disclosure ¢an be better understood with reference to
the following drawimngs. The componenis mn the drawings are not necessardy {o scale.

instcad, cmphasis 18 placed on iliustrating clearly the principics of the present technology.
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Furthermore, components can be shown as transparcnt in certain views for clarity of

itustration only and not {o indicate that the illustrated component 18 necessarily transparent,

{0064]  FIG. 1 18 a perspective view illustrating a cryotherapeutic sysiern configured 1

accordance with an embodiment of the present technology.
{B0058]  FIG. 218 a cross-sectional view of the cryotherapeutic system of FIG. 1.

{88067  FIGS. 3-6 are cross-sectional views tllustrating cryotherapeutic systems configured

in accordance with additional embodiments of the present technology.

DETAILED DESCRIPTION

{0087]  Specitic details of several embodiments of the present technology are described
herein with reference to FIGS. 1-6. Generally, unless the context mdicates otherwise, the
termas "distal” and Tproximal’ within this description reference a position relative to a
refrigerant source, an operator, and/or an cntry point into a patient. For ease of reference,
throughout this disclosure wdentical reference numbers are used to wdenfity sumilar or
analogous componcents or features, but the use of the same reference number docs not imply
that the parts should be construed fo be identical. Indeed, in many examplies described

hercin, the identically numbered parts arc distinet in structure and/or function.

{6G88]  In cryotherapeutic procedures, it can be desirable to apply cooling with high
selectivity.,  Reducing coohing of non-targeted structures and tissue can enhance coohing
etficiency and reduce complications. Although both high-pressure refrigerants and iow-
teraperature refrigerants are potentially useful for cryotherapy, high-pressure refrigeranis can
be particularly well sutted 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 mamntamned more readily during transport
through the catheter than low-temperature refrigerants. For exaraple, a suitable sirong-walled
conduit can be used o convey a high-pressure refngerant from an extracorporeal source to a
dehvery location at a distal end of a catheter with relatively littie loss of cooling potential
because 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 beo
difficult to prevent the low-temperature refrigerant {rom absorbing heat {rom surrounding

structures and tissue. Thermal msulation can be used to control such heat transter to some
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cxtent, but adequate thermal msulation can be excessively bulky for use m modern, small-

diameter catheters.

{00391 Whale advantageous i many respects, the use of high-pressure refnigerants can
place certain constraints on catheter construction. For cxample, tubes configured fo carry
refrigerant supphies typically are constructed of metal, hard polymers {e.g., polyinudes), or
other suitable materals, and have wall thicknesses that allow the tubes to have pressure
ratings higher than the pressurcs of the refnigerants they are configured o transport. After a
high-pressure refrigerant undergoes cexpansion and cooling, 18 pressure can decrease
dramatically.  Accordingly, the catheter componcents that contain the refrigerant after
expansion are not hmited fo 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 compact when
not inflated, thereby allowing tor delivery through narrow anatomical vessels and lumens,
and they can expand (o generally conform to the size and shape of the treatment location.
Balloons also can have relatively thin walls well suited for cryotherapeutic heat transter.
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 some embodiments of the present technology, a high-pressure refrigerant can be
transported along at lecast 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 m
comabination 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
ambicot temperatures (0 cryogemce temperatures can be achieved. Swutable refnigerants for
pressurization and expansion 1u cryotherapeutic devices mnclude, for example, NoO, (U, and
hydrofiuorocarbons {¢.¢., Freon® refrigerant, R-410A, cic.), among others. To mamtam a
pressure drop within a balioon, an exhaust passage can be provided from the ballpon to the
atrnosphere or to a low-pressure containment vessel, Smce expanded refrigerant has a lower
density than high-pressure refrigerant, the exhaust passage can have a greater free-passage
arca than 4 corresponding supply lumen. During normal operation, evacuation of expanded
retrigerant via the exhaust passage mamtains the pressure wn the balloon sulliciently below

the high pressures associated with the refrigerant suppiy.
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{GG13] It the cxhaust passage 1s blocked while the supply of high-pressure refrigerant {o
the balloon continues, the pressure 1 the balloon can build up until 1t equilibrates with the
pressure of the supply lumen. Similarly, the pressure n the balloon can approach a lower,
but still clevated, pressure if the exhaust passage becomes partially blocked. The exhaust
passage can be partially or tully blocked, for exampie, due (0 an operator error {¢.g., it an
cxtracorporcal line carryimg the exhaust passage becomes kinked or compressed or if a
backpressure conirel valve 18 closed unexpectedly). In these and other such scenarios, it 1s
possible that the pressure within the balloon can exceed the pressure rating of the balloon,
which can be related o the pressure at which the balloon 1s hikely to tail. Balloon fatlures can
include, for cxample, bursting, lcakage, coxcessive cxpansion {¢.g., bevond the clastic
tolerances of surrounding anatomical vessels or lumens), or corabinations thereol., In some
cases, the pressure rating of a balloon can correspond to a burst pressure of the balicon. It is

undesirable tor balloons to fail during a procedure for a number of reasons.

[3012]  Cryotherapeutic devices, systems, and methods conhigured 1 accordance with
embodiments of the present technology can mclude one or more features usetul for reducing
the likelihood of balloon failures {e¢.g., associated with excessive pressure butld up within a
batiocon due to partial or complete blockage of an exbaust passage). For cxample, some
embodiments can mclude one or more features configured to release pressure automatically
when the pressure within the balloon 1s about to reach, reaches, or exceeds a predetermined
threshold relative to the pressure rating of the balloon or another pressure level., These

teatures can prevent or at least mitigate undesirable balloon {atlure.

{06131 FIGS. -2 are, respectively, perspective and cross-sectional views illustrating a
cryotherapeutic system 100 configured n accordance with an embodiment of the present
technology. The cryotherapeutic system 100 can include a guide catheter 102 and a treatroent
catheter 104,  As shown i FIGN. 1-2, the treatment catheter 104 can be configured for
msertion mto and through the gude catheter 102, In some embodiments, the guide catheter
102 can be 8 French or smaller {¢.g., 7 French, 6 French, or smaller}. The guide catheter 102
can mclude a cuide passage 125 through which the treatment catheter 104 can be axially
advanced and retracted. The cryotherapeutic sysiem 100 can further include a guide wire 113
that can facilitate miroducing the gwude catheter 102 and/or the treatment catheter 104 to a
desired location within the vessel or lumen. For example, during a freatment procedure, the

ouide wire 113 can be mtroduced percutancousty or through a natural anatomical orifice of
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the patient and advanced along a suitable catheterization path. Imaging {(¢.g., ultrasound,
tluoroscopy, or another suitable imagmg modality) can be used to aid 1 navigating the guide
wirc 113. Once in position, the guide catheter 102 can be advanced over the guide wire 113
and the treatment catheter 104 can subseguently 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 mtroduced simultancously. In still other embodiments, the cuide catheter

102 and the treatment catheter 104 can be configured for use without a guide wirg 113,

{3314}  The treatment catheter 104 can mchude an clongated shaft 10X and a balloon 11§ at
a distal portion 112 of the shaft 108, The shaft 108 can be configured (o locate the distal
portion 112 within a vessel or lumen of a human patient. The treatment catheter 134 can
further include a guide lumen 114 and a supply lumen 116 extending along at least a portion
of the shaft 10X, and the supply lumen 116 can have an ontfice 118 within the balloon 110,
The balioon 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 can be conligured to supply
high-pressure refrigerant to the balloon 110 via the orifice 118, The high-pressure refrigerant
can change phase from a liguid to a gas within the balloon 110, which can expand and cool
the balloon 118, 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 {e.g., around the
cuide lumen 114 and the supply lumen 116} to the atmosphere or an extracorporeal
containment vessel {not shown). During opceration, 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
accomnmodate the lower deosity of expanded refnigerant relative to the high-pressure

reirigerant within the supply lumen 116,

{3815  As shown mn FIGS, 1-2, the treatment catheter 104 can be contigured to extend
bevond a distal opening 123 of the guide catheter 102, For cxample, during a freatment
procedure, at least a portion of the distal portion 112 of the shatt 108 can extend beyond the
distal opening 123 to locate the balloon 110 at a desired freatment location spaced apart from
the distal opening 123, When the balioon 118 1s outside the guide passage 125 of the gude
catheter 102, the balioon 110 can radially expand to a diamcter greater than the diameter of

the guide passage 123,



CA 02870029 2014-10-08

WO 2013/163325 PCT/US2013/038036

{3316]  The shaft 108 can further mchude 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 fength of the treatment catheter 184 between the pressure-relict portion 124
and the balloon 110, In other erabodiments, the shalt 108 can mclude an miermaediate 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 i at least a portion of the exhaust passage 122 (c.g., a
portion at or near the pressure-relict 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 corresponding to a burst pressure of the balloon 110).

{0G17] As shown i FIGN. -2, the distal portion 112 can wclude a first segment 108a of
the shatt 10¥ and the pressurc-rchief portion 124 can include a second segment 108 of the
shatt 108, The first and second segments 108a-b can be attached to one another at a lap jownt
126 {c.g., via compression, adhesive bonding, thermal welding, or another suitable
attachment mechanisi). For example, a proximal end 128 of the first segment 108a can be
within the second segment 1OKb at the lap joint 126, In other emboduments, a distal end 130
of the second scgment 108b can be withmn the first segment 1083 at the lap jomt 126, As
shown m FIGS. 122, the diameter of the first segment 108a can be less than the diameter of
the second scgment 108b. Correspondingly, the free-passage area of the first segment 1084
can be less than the free-passage area of the second segment 108b, The {ree-passage arca of
the first segment 10Ka 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 {rce-passage arca of the first scgment 108a relative to the free-passage arca

of the second segment 108b can have litile or no cffect on flow through the exhaust passage

122,

{BG18]  The lap jomnt 126 can provide a particularly strong connection between the fivst and
second segments 108a-b, but other connections can also be used. For example, FIG. 3 15 a
cross-sectional view dlustrating a cryotherapeutic system 300 configured in accordance with
an cmbodiment of the present technology that 1s similar to the cryotherapeutic system 100
shown i FIGS. 1-2. The cryotherapeutic system 300 can mclude a treatmaent catheter 302

having an clongated shatt 304 with a distal first segment 3{04a connected to a proximal
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second scgment 304b by a butt joint 306 1 place of the lap jomnt 126 shown m FIGS. 1-2.
The shatt 304 can mclude a pressure-~-reliet portion 308 dehined by the second segroent 304b
which has a diameter at iecast approximately equal to the diamcter of the first segment 304a.
The first segment 304a can be a component of the distal portion 112, The butt joimnt 306 can
be formed by adhesive bonding, thermal welding, or another suitable attachment mechanism

between the first and second segrents 304a-b.,

[0G19] With reference to FIGS. 1-3, 1n some embodiments, the distal portion 112 can have
a wall strength (¢.g., yield strength or ultimate tensile strength) greater than a wall strength of
the pressure-rehief 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
strength of all or a portion of the pressurc-relief portion 124, 30¥ or the second scgment 138h,
304b, for exarapie, can be less than about 80% (c.g., less than about 60% or less than about
40%) of that of the distal portion 112 or the first segment 108a, 304a. Ditferent constructions
and/or compositions can cause the ditterent wall strengths, For example, the pressure-rehief
portion 124, 30 or the second segment 10X8b, 304b can mclude walls that are thinner and/or
rmade of weaker materials than walls of the distal portion 112 or the first scgment 1084, 3044,
in some emboduments, the pressure~-reliet portion 124, 308 or the second segment 108b, 3046
can be made of polvamide and the distal portion 112 or the first scgment 108a, 304a can be
made of polyimide. In other embodiments, the pressure-reliet portion 124, 308 or the second
segment 108b, 304b can be made of 4 polyimude at a first thickness and the distal portion 1172
or the first segraent 108a, 304a can be made of a polyimide at a second thickness greater than
the first thickness. When the pressure-relict portion 124, 308 or the sccond scgment 108b,
304b 15 brawded, 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. Simlarly, when the
pressure-reliet portion 124, 308 or the second segment 108b, 304b mcludes multiple layers,
the number of layers can be selected to cause a wall strength lower than that of the distal
portion 112 or the first segment [08a, 304a. A variety of other sutable matenals and

configurations are also possibie.

[(3028]  The wall strength of the pressure-reliel portion 124, 30K or the second segment
108b, 304b can be sclected to cause the pressurc-rchief portion 124, 308 or the sccond
segment 10Rb, 304b to rupture at about the threshold pressure.  Accordingly, the pressure-

relict portion 124, 308 or the sccond scgment 108b, 304b can be sacrificial and/or otherwise
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configured to fail before the balloon 110 fails during a malfunction i which the pressure in
the balloon 110 moreases unexpectedly. Faulure of the pressure-relief portion 124, 308 or the
second segment 108b, 304b can allow refrigerant to guickly flow mnto the space mn the guide
passage 125 between the shaft 108 and the guide catheter 102, At least a portion of the
refrigerant 1 the space can then move proximally to a proximal opening (not shown) of the
cutde catheter 102, In some embodiments, the pressure-reliet portion 124, 308 or the second
segment 108b, 304b can be conhigured to rupture relabively rapidly.  For example, the
pressure-reliel portion 124, 308 or the sccond segment 108b, 304b can nclude a relatively
brittle matertal, such as a material having an e¢longation at break less than about 30% {e.g.,
icss than about 30% or less than about 20%). In other embodiments, the pressurc-reliet

portion 124, 30X or the second segment 108D, 304b can be configured to rupture more slowly.

{00211 In the cryotherapeutic systerns 100, 300 shown 1 FIGS. 1-3, it may be difhiculi to
predict where the pressure-relict portion 124, 308 or the second segment 108b, 304a will
sacrificially release the pressure along the exbaust passage 122, As such, it may be desirable
to control the release of refrigerant at specitic locations along the device. FlIG. 4 1S a cross-
sectional view illustrating one example of a cryotherapeutic system 400 configured m
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
434 can further 1nclude a proximal portion 408 proximal to the pressure-relict portion 406, a
first lap yomt 410 between the distal portion 112 and the pressure-rehief portion 406, and a
second lap joint 412 between the pressure-reliet portion 406 and the proxirnal portion 408, In
other ecmbodiments, the first and second lap joimnts 418, 412 can be replaced with butt joints or
other suitable connections. The pressure-reliet portion 406 can have a lower pressure rating
than the distal portion 112, the proximal portion 408, and the balloon 110 such that the

pressure-reliet portion 406 preferentially fails at a specific location along the device.

{00221 FIG. 5 15 a cross-sectional view illustrating a cryotherapeutic system 300
configured mn accordance with an cembodunent of the present {echusiogy having another
pressure-rehiel configuration.  The corvotherapeutic system 580 can wmclude a treatrment
catheter SO2 having a shaft S04 with a pressure~-reliet portion 506 mncluding a rupture element
SO8. In the embodiment shown m FIG. 5, the rupture element 508 doces not extend around the
cotire curcumierence of the shaft 304, In other embodiments, the rupture clement 308 can be

annitiar and can extend around the entire circumniercnce of the shatt 504, The rupture clement
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SU8 can mclude a membrane {c.g., embedded within a8 wall of the pressure-rehief portion
506), a weakened (e.g., scored and/or thinned) portion of a wall of the pressure-reliet portion
506, or another suitable structure configured to break predictably 1n response to pressure.
The rupture clernent 508, for example, can be configured o rupture 1 response o a pressure
in an adjacent portion of the exbaust passage 122 that 1s near or exceeds the threshold
pressure. The size of the rupture clement 308 can be selected to contfrol the rate at which

retrigerant 1s released trom the exhaust passage 122 into the space 1n the guide passage 123.

{38231 With reference to FIGS. 1-3, the locations of the pressure-relict portions 124, 30X,
406, 506 and/or portions thercot {¢.g., the first segments 108a, 304a of the pressure-rehief
portions 124, 308 and the rupture clement 308 of the pressure-relict portion 506} can be
seiected to control the locations where refrigerant 15 relecased into the space n the guide
passage 125, In some embodiments, the release locations can be outside vessels or lumens of
paticnts during treatment procedures. For cxampile, such relcase locations can be proximal
relative to entry pomts mio the vessels or lumens and, 1 some cases, proximal to proximal
openings of corresponding guide catheters 102, Such release locations can reduce the
possibility that the refnigerant will be relcased mio 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 decrease pressure differential and/or delay between the relcase point along the
exhaust passages 122 and the balloon 110, This can mmprove the responsiveness of the
pressure-relief portions 124, 308, 406, 506 o rapid increases in pressure within the balloon
110, Furthermore, 1o some cases, the pressure-reliet portions 124, 308, 406, 506 may have
Hmited effectiveness when blockages of the corresponding exhaust passages occur between
the pressure-reliet portions 124, 30X, 406, 306 and the balloon 110, Decreasing the distance
between the pressurc-relief portions 124, 308, 400, 506 and the balloon 110 can decrease the
likehihood of such blockages. In some embodiments, the pressurc-reliet portions 124, 308,
436, 506 can be proximally spaced apart from the balloon 110 such that the pressure-reliet

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

{0024]  With reference agan to FIG. 5, the cryotherapeutic system 500 can also mclude a
cuide catheter 314 having a flow restrictor 512 around a perimeter of the guide passage 123,
in other embodiments, the treatment catheter 502 can include the flow restrictor 512 at a
position distal to the pressure-rehet portion 306, The flow restrictor 512 ¢an be conligured to

reduce or prevent distal tiow of released refrigerant within the guide passage 123 through the
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distal opening 123 and mio a vessel or lumen of a patient. Instead, the path of lecast resistance
tor the released retrigerant can extend proximally through the cwide passage 125 to the
proximal opening of the pguide catheter 510 outside the vessel or lumen. In some
embodiments, the tHlow restrictor 312 can be at {east partially annular and/or compressible and
configured to conform to the shaft 304, Furthermore, the tlow restrictor 312 can be
configured to reduce or prevent proximal blood fiow within the guide catheter 510 1 addition
to reducing or preventing distal refrigerant tlow., Other embodiments can mchude different
teatures for reducing or preventing distal flow of rcleased refrigerant.  For exarapie, the
cryotherapeutic system 200 shown mn FIG. 2 can be moditied such that the second segment
108b 18 within the first segment 108a at the lap joint 126 and the distal portion 112 has a
larger diameter than the pressure-reliet portion 124, This can reduce the space in the guide
passage 125 around the distal portion 112 and thereby encourage flow of released refrigerant
n a proximal divection. In some embodiraents, 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 restrictor 512,
Furthermore, the pressure~-reliet portion 306 can be located closer to the proximal opening of
the guide catheter 510 than fo the distal opening 123 of the guide catheter 510, which can
delay or prevent retrigerant release mte a vessel or lumen of a patient through the distal

operung 123,

100251 In some embodiments the diameter of the treatment catheter 502 and/or the
diameter of the guide catheter 310 can be selected 1o size the space therebetween m the guide
passage 125, For cxample, a difference between the outer diameter of the shaft S04 at and
the mner diameter of the gwide passage 123 can be greater than about .2 mm {¢.g., greater
than about .3 mm or greater than about 1.4 mm ) along at least about 100 cm of the shaft 504
cxtending proximally from the pressurc-rehict portion 506, In some cases, however, it ¢an be
useful to reduce the size of the space i the guide passage 125 in favor of mcreasing the size
of the shaft 504, For example, larger-diameter shafts can support greater coolimg., FIG. 615 a
cross-sectional view tlustrating a cryotherapeutic system 600 configured in accordance with
an cmbodiment of the present technology and mcluding a treatment catheter 602 and a guide
catheter 603. The treatment catheter 602 can mnclude a shatt 604 having a pressure-reliet
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 mn FIGS. 1-5 o provide a relatively

close it that restricts the distal flow of refrigerant along the space n the guide passage 123,

10-
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{3326}  The pressure-rclie! portion 606 and portions of the shatt 604 proximal to the
pressure-reliet portion 606 can have a smaller diameter than the distal portion 112 such that
there 15 more space between the proximal portion of the shaft 604 and the gude catheter 602,
This can facilitate the proxmmal Hlow of refrnigerant along the space within the guide passage
125 {e.g., from a release location 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 180 cm {¢.g., greater than about 200 cm or greater than about 300 cm)
it length and can extend proxamally from the rupture element 608, In some embodirnents,
the pressure-rehiet portion 606 can be configured to deform from a first state (not shown} in
which the pressure-relief portion 606 has a diamcier simtlar to the diameter of the distal
portion 112 to a second state (shown wn FIG. 6) 1o which the rupture element 608 1s ruptured
and the pressurc-relief portion 606 detorms mwardly. The pressure-relief portion 606 can
deform, for exaraple, 1 response to pressure within the space m the guide passage 125
cxceeding a threshold pressure. As shown in FIG. 6, 1n some embodiments, the pressure-
rechief portion 606 can deform generally evenly., In other embodiments, the pressurc-reliet
portion 600 and portions of the shaft 604 proximal o the pressure-relict portion 6436 can be
contigurcd to selectively detorm (¢.g¢., along a channel). Deforming can occur, for example,
as a resuit of reversible or wreversible compression or expansion ot at {cast a portion of a2 wall
of the shatt 60U4. For example, the shaft 604 can be at least partially clastic, tolded,
articulated, or otherwise configured 10 expand or contract i response {0 pressure within the
ouide passage 125, In other embodiments, the shaift 604 can have gencral or local wall
strength sutficiently low to allow the shaft 6034 to delorm mwardly m response to pressure

within the guide passage 1235.

{3627}  In some embodiments, the disclosed pressurc-rehiet features can be redundant to
other features mtended to prevent balloon fallures. For cxample, the cryotherapeutic systems
shown 1w FIGS. 1-6 can mclude one or more pressure sensors {not shown) configured to
montfor pressurcs within the balloon 110 and controliers {(not shown) configured fo stop
refrigerant flow to the balloon 110 if the monitored pressures increase above threshold
pressures. In other embodiments, the disclosed pressure-reliet features can take the place of
pressure monttoring.  Furthermore, reducing the hikehthood of balloon fatlure can allow for
oreater irccdom in balioon constructions and composittions.  In some embodiments, the

balloon 110 can have a pressure rating less than about 400% (c.g., less than about 300% or

less than about 200%) of a steady-statc pressure within the balloon 110 during normal
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opcration. This can facilitate, for cxampie, the use of balloons 11{ having thinner walls and

oreater elasticity,

Examples

1. A ¢ryotherapeutic system, comprising:

an clongated shatt mnchuding a distal portion and a pressurc-reiief portion, the shatft
configured to locate the distal portion within a vessel or lumen of a human
paticnt;

a supply lumen extending along at icast a portion of the shaft and having a first free-
PASSAge arca;

an cxhaust passage extending along at least a portion of the shatt and having a second
freg~-passage area; and

a balloon configured to reccive refrigerant from the supply lumcen and to cxhaust
refrigerant to the exhaust passage, the balloon bhaving a pressure rating,
wherein—
the balloon 1s proximate the distal portion, and
the pressurc-rehief portion 1s configured to release refrigerant from the cxhaust

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

the pressure-relief portion exceeds a threshold pressure,

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

threshold pressure 18 Iess than the pressure rating of the balloon.

4, The cryotherapeutic system according to any of cxamples 1-3, wherein the
second free-passage area 1§ greater than the first {ree-passage area.
3. The crvotherapeutic system according to any of examples 1-4, wheremn the
distal portion and the pressure-relief portion are configured to fit within a guide catheter that

15 ¥ French or sinaller.

~12-
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0. The cryotherapeutic system according to any of cxamples 1-5, wheremn the

pressure rafing corresponds to a burst pressure of the balloon.

7. The cryotherapeutic system according to any of examples 1-6, wherein the
pressure-reliet portion includes a rupture element configured to rupture at about the threshold
pressure.

8. The cryotherapeutic system according to example 7, wherein the shaft s
detormable along a path greater than about 180 ¢m 1n length and extending proximally from

the rupture clerment.

2. The cryotherapeutic system according to any of examples 1-X, wherein—
the distal portion includes a first segment of the shaft having a first wall strength, and
the pressure-rehetf portion mcludes a second segment of the shatt havimg a second

wall strength less than the first wall strength.

i.  The cryvotherapeutic system according to example 9, whereimn the second wall

strength 18 selected to cause the second segment {o rupture at about the threshold pressure.

il.  The crvotherapeutic system according to example Y or examaple 10, wherein

the first scgment 1s attached to the seccond scgment at a butt joint.

i2.  The cryotherapeutic system according to any of examples 9-11, whercin—
the first segment defimes the second freec-passage area, and
the second scgment has a third free-passage area greater than the second free-passage

aiga.,

i3.  The cryotherapeutic system according to any of examples 9, 10 or 12, wherein

the first scgment 18 attached to the second scgment at a lap joint.

i4. The cryotherapeutic system according to cxample 13, wherein the first

segment inchudes a proximal end within the second segment at the lap jomt.



CA 02870029 2014-10-08

WO 2013/163325 PCT/US2013/038036

i3, A cryotherapeutic system, comprising:

a guide catheter mcluding a distal operung, a proximal openimg, and a guide passage
cxtending between the distal opening and the proximal opening;

an clongated shaft configured to move axially within the guide passage, and mcluding
a distal portion and a pressure~-reliet portion proximal to the distal portion, the
shaft configured to locate the distal portion within a vessel or lumen of a
human patient;

4 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 reccive refrigerant from the supply lumcen and to cxhaust

refrigerant to the exhaust passage, the balloon having a pressure rating,

the distal portion extends between the pressure-~-reliet portion and the balloon,
and

the pressure-reliet portion s configured to release refrgerant from the exhaust
passage 1o a space between the shaft and the guide catheter when a
pressure of refrigerant 1n at icast a portion of the exhaust passage, the
balloon, or both approaches and/or exceeds a threshold pressure related

to the pressure rating of the balloon.

i6.  The cryotherapeutic systoem according to exarnpie 15, wherein the guide

catheter 1s 8 French or smaller.

17.  The cryotherapeutic system according to example 15 or exampie 16, whereimn a
difference between an outer diameter of the shaft and an mner diameter of the guide passage
18 greater than about .2 mm along at least about 100 ¢cm of the shaft extending proximaily

from the pressure-relief portion.

i8.  The cryotherapeutic system according to any of examples 15-17, wherein—
the threshold pressure 1s a first threshold pressure, and
the shaft 1s at least partially deformable when a pressure in the space exceeds a second

threshold pressure.

14
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i9. The crvotherapeutic system according to exampie 18, wherein the second

threshold pressure 18 greater than the first threshold pressure.

20.  The cryotherapeutic system according (0 any of exaraples 13-19, further
comprising a flow restrictor configured to preovent flow of refrigerant distally from the space

through the distal opening of the guide catheter.

21, The crvotherapeutic system according to example 20, wherein the tflow

restrictor 1s at least partially annular and compressible.

22, A method, comprising:

miroducing a guide catheter mto a vessel or lumen of a human patient;

moving a treatment catheter axially along a guide passage of the guide catheter, the
treatroent catheter mchudimg a supply lumen, an exbaust passage, and a
balloon:

supplying refrigerant to the balloon through the supply lumen;

exhausting refrigerant from the balloon through the exhaust passage., and

reicasing refrigerant imnto a space between the treatment catheter and the guide catheter
when a pressure of refrigerant i 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 example 22, wherein releasing refrigerant imto the
space mncludes rupturing a rupture clement contigured to rupture at about the threshold

PYESSure.

24, The mecthod according to cxample 22 or example 23, whercin rcleasing
refrigerant into the space mcludes—
releasing refrigerant into the space at a release location, and

cxhausting refrigerant proximally through the space from the release location.

25, The method according (o example 24, wherein the release location 1s within

the vessel or lumen.

15.
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26.  The method according to cxampie 24, wherem the release iocation is outside

the vessel or lumen.

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

0 a proximal opening of the guide catheter,

Conclusion

[3328]  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 hmit the present
technology (o the precise form(s) disclosed above. Various equivalent modifications are
possible within the scope of the present technology, as those skilied n the reievant art will
recogmize.  For example, while stages may be presented m a given order, aliernative
embodiments may perform stages n a different order. The various embodiments described
herein and elements thercof may also be combined to provide further ecmbodiments. In some
cases, well-known structures and functions have not been shown or described m detail to

avoid urmecessarily obscuring the desceription of embodiments of the present technology.

{002%]  Where the context permats, singular or plural terms may also mclude the plural or
stnguiar terms, respectively. Moregver, unless the word "or' 1s expressly limtted {0 mean
only a simgle item exclusive from the othor itoms 1n reference to a list of two or more iems,
then the use of "or" i such a list 1s to be mterpreted as wcluding {a) any single item in the
iist, (b} all of the ttems i the hst, or {¢)any combination of the items i the hst
Additionally, the terms "coraprising” and the like are used throughout the disclosure to mean
including at ieast the recited feature(s) such that any greater number of the same {eature(s)
and/or additional tvpes of other features are not precluded. B will also be appreciated that
varigus modifications may be made to the described embodiments without deviating {rom the
present technology. Further, while advantages associated with certam embodiments of the
present technology have been described 1n the context of those embodiments, other
cmbodiments may also exhibit such advantages, and not all emnbodiments necd necessarily

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

~16-
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disciosure and associated technology can cncompass other embodiments not expressiy shown

or desceribed herein.
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CLAIMN

VWe claim:

1. A ¢ryotherapeutfic 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 icast a portion of the shaft and having a first free-
[YASSAge arca;
an cxhaust passage extending along at least a portion of the shatt and having a second
free~passage area; and
a balloon configured to reccive refrigerant from the supply lumcen and to cxhaust
refrigerant to the exbaust passage, the balloon having a pressure rating,
wherein—
the balloon 18 proximate the distal portion, and
the pressurc-rehiet portion is configured to release refrigerant from the exhaust
passage when a pressure of refrigerant mn the exhaust passage at or near
the pressurc-relict portion exceeds a threshold pressure.
2. The cryotherapeutic system according to claim 1, wheremn the distal portion
extends along a length of the shail between the pressure-rehief portion and the balloon.
3. The cryotherapeutic system according to claaim 1, wherein the threshold

pressurce 18 1ess than the pressure rating of the balioon.

4. The cryotherapeutic system according to claim 1, wherein the second free-
passage arca 1s greater than the first free-passage area.
3. The cryotherapeutic system according to clamm 1, wherewn the distal portion
and the pressure-relict portion are configured to fit within a guide catheter that 1s 8 French or

stnaller.
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0. The cryotherapeutic system according to claim 1, wherein the pressure rating

corresponds to a burst pressure of the balioon.

7. The cryotherapeutic systern according to claim 1, wherein the pressure-relief

portion mchudes a rupture element configured to rupture at about the threshold pressure.

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

the rupture clement.

9. The cryotherapeutic system according to claim 1, wherein—
the distal portion mncludes a first segment of the shatt having a fivst wall strength, and
the pressure-reliet portion ncludes a sccond segment of the shaft having a second

wall strength iess than the first wall strength.

10.  The cryvotherapeutic system according to claim 9, wheremn the second wall

strength 18 selected to cause the second segment to rupture at about the threshold pressure.

il.  The cryotherapeutic system according to claim 9, wherein the first segment 18

attached to the second segment at a butt joint.

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

alreq.

i3.  The cryotherapeutic system according to claim 9, wherein the first segment 18

attached to the second segment at g lap jomnt,

i4.  The cryotherapeutic system according to claim 13, wherein the first segment

includes a proximal end within the second segment at the lap joint.
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i3, A cryotherapeutic system, comprising:

a guide catheter mcluding a distal operung, a proxamal openung, and a guide passage
cxtending between the distal opening and the proximal opening;

an clongated shaft configured to move axially within the guide passage, and mcluding
a distal portion and a pressure~-reliet portion proximal to the distal portion, the
shaft configured to locate the distal portion within a vessel or lumen of a
human patient;

4 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 reccive refrigerant from the supply lumcen and to cxhaust

refrigerant to the exhaust passage, the balloon having a pressure rating,

the distal portion extends between the pressure-~-reliet portion and the balloon,
and

the pressure-reliet portion s configured to release refrgerant from the exhaust
passage 10 a space between the shaft and the guide catheter when a
pressure of refrigerant 1n at icast a portion of the exhaust passage, the
balloon, or both approaches and/or exceeds a threshold pressure related

to the pressure rating of the balloon.

i6.  The cryotherapeutic system according to claim 15, wherem the guide catheter

1s 8 French or smalier.

17.  The cryotherapeutic system according to claim 13, wheremn a difference
between an outer diameter of the shaft and an mner diameter of the guide passage 1s greater
than about .2 mm along at least about 100 cm of the shaft extending proximally from the

pressure-relief portion.

i8.  The cryotherapeutic system according to claym 15, whercin—
the threshold pressure 1s a first threshold pressure, and
the shaft 1s at least partially deformable when a pressure in the space exceeds a second

threshold pressure.

20-
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i The cryothcrapeutic system according to claim 18, wherein the second

threshold pressure 18 greater than the first threshold pressure.

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

opening of the guide catheter.

21, The cryotherapeutic system according to claim 20, whereimn the How restrictor

1s at least partiaily annular and compressibie.

22, A method, comprising:

miroducing a guide catheter mto a vessel or lumen of a human patient;

moving a treatment catheter axially along a guide passage of the guide catheter, the
treatroent catheter mchudimg a supply lumen, an exbaust passage, and a
balloon:

supplying refrigerant to the balloon through the supply lumen;

exhausting refrigerant from the balloon through the exhaust passage., and

reicasing refrigerant imnto a space between the treatment catheter and the guide catheter
when a pressure of refrigerant i 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 mio the space

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

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

imnciudes—
releasing refrigerant mio the space at a release location, and

cxhausting refrigerant proximally through the space from the reigase location.

25, The method according to claim 24, whercin the release location 1s within the

vessel or lumen.
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26.  The method according to clanm 24, wherein the release location i1s outside the

vessel or lumen.

27. The method accordimg to clamn 24, further comprising deforming the
ircatment catheter along a generally contmuous path from the release location to 8 proximal

opening of the guide catheter.
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