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CRYODGENIC MEDICAL SYSTEM

RELATED APPLICATIONS

(00013 This application claims priority to U.S. Sevial Number 13/038 862, filed March 2,

011, which is fncorporated herein by reference.

Frorn OF THE INVENTION

(60023 The present invention relates generally to the medical technology field and, n
particular, 10 2 medieal device for use in a cryogenic systerm as wilized to treat cardiac

arrfiythmias, such as in atrial fibrillation.

BACKCROUND QF THE INVENTION

[00031 Over a recent number of years, there has begn a strong movement within the surgical
community toward mmimaliy invasive therapies. The main goals of the minimally imvasive

therapies include: 1) evadication of targeted fissue, 2) decreased hospualization time, 3)

limited postoperative morbidities, 4) shortened return biterval to daily functions and work,
and 5) reduced overail treatynent cost. One minimally iwvasive method of treating a disease
state i3 through tissus {reezing, also known as crvotherapy. Currently, cryothorapy s used 10
reat nwnerous disease states including organ confined tumors such as prostate, kidoey, liver,
as well as cardiovascular disease, retinal detachmoemt, pain manapement, and other
iliness/discase staies.
100047 Cryotherapy 15 an effective vet minumally jovasive alternative to radical surgery and
radiation therapy. The procedure 15 done under either general or epidural anesthesia, The
procedure offers patients a quicker recovery and reduced severity of potontial side effects.
Without the expense associated with major surgery or an extended hospital siay, cryotherapy
i also a cosi-effective freatment oplion.
{0005] The approsches wtitized to date have focused on the delivery of liguid cryvogen
through the uvse of moderate to high pressure on the eptire system or piston and bellows
compression to drive fhid movement. At present, current systems utilizing bauid nitrogen
operate at pressures between 14 — 480 pei) the systems in use cannot operate or withstand
pressures greater that about 500 psh. Further, the use of heat exchangers bave been limited 1o

coils placed into a bath of cryogen to allow for time consuming, inefficient passive
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subcooling of the crvogen in which activation of these devices circulate a cryogen {(such as

Hauid nitrogen) (o a probe (0 create a heat sink, thus resulting in tissue freezing.

(00061 There exists a need for mprovements in cryotherapy, and medicsl devices or
components associatod with the treatment, 1o better oiveulate liquid oryogen to a cryoprobe, to
provide for rapid delivery through smali tubes, and to facilitate improved measures for
treaiment and cost. The systenr of the present invention will allow for the circulation
{coohing, delivery, and return) of Bauid oryogen to a cryoprobe for the freczing of targes
tissne. The invention will facilitaie the cradication of tissue, decrease hospitalization time,
it postoperative morbidities, shorten retum to datly functions and work, and further reduce
the overall treatment cost. Desirably, these improvements 1o device design and application
will aise inerease s uiilization for the treatment of meultiple disease states.

G071 One such category of discases inciudes cardiac arhivthnuas, a significant health
problem.  Atrial fibrillation v a comunon cardiac arvhythmia,  Although atrial arthythmias
may not be as fatal as frequently as ventricular arvhytumas, atrial ardhyibias increase risk
factors for other conditions wuch as embolisnms. Further, atrial arrhytbmias can contribute to
the onset of veniricalar arrhythmia,

Specifically, atrial fibrillation 18 a condition that yesults from the abwormal
glectrical activity within the hieart, This abuormal activity may ocour at rogions of the heart
including the sinoatrial {5A} node, the atioveniricular {AV) node, or within other sreas of
carchac tigsue, Moreover, atrial {ibrillation may be caused by abnormal activity within one or
muore tocal conters within the hears, the electrical activity gonerally decreasing the officiency
with which the heart pumps blood. It1s believed that these foci can originate from within the
pulmonary veins of the atrium, particularly the superior pulmonery veins,  Therefore, 1t is
also belioved that atrial fibrillation can be conirolled by stracturally aleving or ablating the

fissuc at or near the focal centors of the abnormal electrical sctivity to form a “conduction

block™
(6009 In one method, during opon-heart surgery, and known as a surgicsl or epicardial

ablation, the tssue of the heart and pulmonary veins 1s ahered by making a scries of incisions

T
in g raze-like pattern in the atria and sewn back together {may be referred to as the “Cox

mare” procedure). As the incisions heal, scar tissue form, and the scar tssue may block the
couductive pathways thought io cause atrial fibritlation.
[00107  Probe devices m the prior art have been designed for use directly in an opew chest

mode for the creation of linear cryogenic or radiofrequency {RF) lesions applied divectly o

an exposed beart, Paralle]l probe mombers have been used {0 create lesions through the tissae
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thickness, one member penotrating the myocardial fissuc 1o the inside n airial chamber

and cooperaie with a member on the outer surface. Other designs have penetrated into the
pericardial space using a subxiphoid or thoracic transcutansons spproach. Such probes may
be wsed in conjunciion with an endocardial cutheier or other stimuletion device to freat

ventricular rachycardia (VT

{66113 On the otherhand, a less invagive method of stracrurally altering tissue of the heant
and puhoonary veins jovolves ablafing tissue through the use of an ablation catheter, also

known as endocardial ablation. The techniques typically are characterized by the application
of energy to creaie lesions al the foci or other arcas possessing abnormal clecivical aciivity.
Ablation catheters can alse be used to create losions at the beart 10 block clectrical signals or

i
H

alter a travel path of clectneal signals at the heart.  Ouve cxample of an ablation catheter
delivers RE caergy to ablate tissue.  Another example of an ablation catheter delivers
cryotherapy to ablate tissue by freezing it
0012 Cryotherapy may be delivered to an appropriate treatment site inside a pationt’s
eart or circulatory sysiem with a cryotherapy catheter. Tlus method, termed cryoplasty or
cryotherapy may be used to cool or otherwise fieeze a portion of targel fissue (o ablate the
farget Hesue, A cryotherapy catheicr generally inclodes a treatment member at s distal end,
such as an inflateble balloon having a cooling chamber juside. To deliver the orvotherapy,
the inflatable balloon may be introduced at a troatment site inside & pationt, and the bailoon
positioned and then inflated. Unce w position, a cryogenic fluid may be provided by a smuree
external 10 the patient at the proxirsal end of the crvotherapy catheter, and delivered distally
through a lumen to the cooling chamber, where if may be released. Release of the cryvogenic
fluid into the chamber can cool the chamber {e.g through the Joule-Thompson effect), and

2

correspondingly, with the baltoon’s outer surface, which may be in contact with tissue that is
to be ablated, Gas resuliing fromw release of the cryvogenic fluid may be exhausted proximally
through an exhaust lumen to a reservoir or pump external {0 the patient. As 2 result of the
release of the ervogenic fluid into the chamber and the exhausting of the resulting gas from

the chamber, Hssne adjacent 10 the batloon may be cooled to a therapeutic Tevel (e, 0°C., 20

°C., -00°C., 20 7C., or some other appropriate valuc) for an appropriate period of tirse.

106131 For example, cryoplasty may be used t© cool or freeze, and simultaneously dilate
a lesion within # blood vessel that might otherwise lead to restenosis or recoil. Cryotherapy
may also be used 10 create fesions i a heart 1o freat atrial fbuillation. However, creating
fesions in a heart using cryotherapy poses a challenge in the delivering sutficlent cooling (©

create a transnural (Le., & through thickness) lesion. In addidon, blood deliversd 1o and from
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the heart consianily provides hest to a target site at the heart, thereby counteracting the
cooling being delivered by the cryotherapy and limiting the amount of cooling that can be
delivered 1o the target site. Thiy in hury, further prevents a transoraral lesion, or lesion of &
desired size or characteristic, from being created at the tavget tasuve. Thus, there is curremly
a need for an raproved device and method to perform ablation therapy, The device would
address an important aspect of treatment by providing lesions, transmural and continuous n
character (otherwise, segmenting the boart and preventing fibrillation wonld not be possibic).
10014} Mininally invasive surgical iechniques are known for performing medical
procedures within all parts of the cardiovascular system.  Exemplary known procedures
inciude the steps of passing a small diameter, highly-flexible catheter through one or more
blood vessels and nfo the heant.  When positioned as degired, addivonal features of the
catheter are used. In conjunciion with sssociated equipment, to perform all or g portion of a

medical treatment, such as vessel occlusion, fissus biopay, or ussee ablation, among others.

Almost always, these procedures ave performed while the heart is beating and blood i
flowing, Hven though visualization and positioning aids are adequate for gencral placcment
of the device, maintaining the device in a selected position and orientation can be difficult as
the tissue moves and blood flows, eapecially during a procedure that must be done guickly.
As dragnostic and visuahization cquipment and techoigues continue to evolve, it has become
possibie to identify Hasue areas 1o be treated with greater precision while quickly situating the
device and effectuating treatment,
[00157  In addition o the challenges presented by moving tissue and flowing blood, the
actual topography of the tissue bcing treated presents challenges, For example, the interior
chambers of the heart bave surfaces that are irregular, uneven, and Dbrous, as are the
openings o the blood vessels. T‘h‘us, for procedres that call for yutform tissue contact or
tissuc contact along av exiended line, the structure and technigues for use of known devices
can be deficient n some regards. For cxample, cathetor-based devices are known for
placement in the foft atriom for ablating tissee within the atriam for the purpose of
clectrically wolating one or more pulmonary veins from the atnum i an atfempt 1o Inerease
the suecess rafe of atrial fibritlation ablation,
{0016} Depending on the requirernents for 2 particular procedure, the target tiseue that is
10 be ablated may be characterized as being a single apot, 8 sertes of spots or 4 linear ablation
(i.¢. a straight line or curvilinear ablation). Due to the nature and the snatomical constraints
that are imposed on the procedure by the vasculature, sach procedurs will present unique

ssues for consideration. The destruction of tissy

,.—

o by cryoabiation requires that the targeted

v
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tigsue Lo cooled below a cortain fomperature, T addition, recent stadies have suggesied that
the cooling rate and subscquent warming rate can affect the percentage of tissue cells
destroyed n a cryoablation procedure,
[OG17] Thus, 2 need for a cryogenic sysfom i3 desired that will address the sbiation of
arthythunias or tachyeardia in atrial or ventricle heart muscles, and more particularly, 1o an
epicardial approach which etther addresses the heart divectly through an open chest or
eraploys a travscutansous subxiphoid pericardial approach for the mapping and ablation of
tachyeardia using laparcscopy or thoracoscopy technigues via an epicardial or intrapencardial
approach. There is also a necd for a eryvogenic system to address such cardiac problems by
utilizing an endocardial approach with cryvocatheters
[O014] In practice, the standard ablation platform in the treatment of myocardial fisgue
has been radiofrequency (RE) cnergy, Radiofrequency encrgy, however, 1§ not amenable to
safely producing circumiferential lesions without the potential for serious complications. In
particuim; while ablating the myocardial eolls, heating encrgy also slers the extracellular
mairix profeing, cavsing the matrix 1o collapse. This may be the center of pulmonary vein
stenosis.  Muoreover, RF energy 18 known to damage the lining of the hearl, which may
account for thromboembolic coroplications, inclading stroke.  The wse of RF energy for
ablation can lead to untoward healing responses such as collagen build up at the aves of
interest after tregtmaent. In some cases, RF ablation may create lesions that cause oeclusion of
the coronary sipus in post procedure healing. RFE also causes significant radiation exposure.

A need exists for ablative devices and mothods that mclude tmproved bealing responses,

160193 Although cryotberapy is finding its way into muliipfe arcas of medicine, including

cardiac surgery, there are several neods o be addressed from the actual system design,
coolant delivery and vetwrn, hand-held devices, flexible probe tips and catheters,
wterconnected valves, controls, and supplemental support systems.  Further, in cardiac
seftings, the heat sink provided by the blood pool ereates a sremendous challenge o current
crycablation approsches as they cannot overcome this beat extraction burdie.  New

eryoablation systerns, medical devices. and procedures may avord soany of these problems.

SUMMARY OF THE INVENTION

[6G207 The following nvention i3 a cryogemic medical device designed o deliver
subeooled Hguid cryogen to various configuranions of cryoprobes for the treatment of cardiac
tissue, damaged, discased, and cancerous or other unwanted tissues. The cryogenic medical

system addresses the ablation of arhythioas or fachycardia in atrial or ventricle heart

wh



muscles, and more particularly, to epicardial approaches, intrapericardial approaches, and
endocardial approaches with cryoprobes or crvocatheters.
[00217  The device 1s a closed or semi-closed system in which supercritical, pseudo-

flmdic, or pressurized hquid cryogen is contained in both the supply and return stages.

[0021a] In one aspect, there is provided a cryoengine for a cryogenic medical system, said
cryoengine comprising:

a dewar that can be filled with liquid cryogen to create a cryogen reservoir;

a pressurization system having a first vessel positioned in the dewar and and being
fluidly connected by a line having a control valve {0 a second vessel positioned outside the
dewar, wherein a heater is arranged internal to the first vessel;

a fill valve;

a cryogenic flow actuator positioned in the dewar, wherein activation of the cryogenic
flow actuator creates a flow of liquid cryogen from the cryogen reservoir, through the fill valve,
into the first vessel;

a vent valve connected to the first vessel; and

one or more cryolines for connecting the cryoengine to one or more crycinstruments and
supplying cryogen to the one or more cryoinstruments;
wherein the first vessel inciudes a thermocouple that protrudes through the first vessel to

measure a liquid cryogen level in the first vessel.

[0021b] In one aspect, there is provided a cryogenic medical system comprising:
the cryoengine as defined above; and

one of more cryoinstruments.

[0021c] In one aspect, there is provided a method of generating supercritical nitrogen
comprising the steps of:

a. providing the cryoengine as defined above;

b. filling the dewar of the cryoengine with liquid nitrogen {o create a cryogen reservoir,
the first vessel being positioned in the cryogen reservoir;

c. activating the cryogenic flow actuator fo fill the first vesse! with liquid nitrogen and
opening the vent vaive connected to the first vessel to allow venting of vapor while filling;

d. following filling, closing the vent valve and opening the control valve between the first
vessel and the second vessel fo create a continuous pressurization system comprising

approximately equal volumes of liquid nitrogen and nitrogen vapor; and



e. activating the heater in the first vessel fo create a boiling microenvironment in the
liguid nitrogen in the first vessel, the first vessel being positioned in the cryogen reservoir,

thereby increasing pressure within the pressurization system to create supercritical nitrogen.

[0022] In onc embodiment, the cryogenic medical system is used in patient reatment
procedures and comprises: at least one cryoengine (530) inchuding a dewar (501) containing 2
crvogen. a flow generator (309) within said dewar; at least one pressurization system (503)
having one or more heaters (512) arranged therein, at feast one port 502, one or more control
valves (508, 506, 510, 514}, a first vessel (305) and a second vessel {507) interconnected,
wherein the first vessel is submersed in the cryogen and has a# first temperature and the
second vesse! is positioned outside the crvogen and has a second temperature greater than the
first temperature; at least a first attachment (508) connecting the flow generator to the port of
the pressurization System, and one or more cryolines {516) connected o the port; and one or
more cryoinstruments (175, 265, 300, 400) comprising one or more tubular structures (301,
306) arranged therein, the crvoingiruments each having s proximal end (121) which connects
with the cryolines of the cryoengine and a distal end (85, 68, 138, 302, 404) positioned at a
treatrent site; wherein the pressurization system produces supercritical cryogen, pressurized
cryogen, or one or more pseudo-fluids, alone or in combination.

100237 The cryogenic medical system includes a pressurization system that provides
coptinuous flow of supercritical cryogen io any treatment site, including diseased. cancarous,
or undesired tissue, ncluding mammalian cardiac tissue and vessels/vasculature withip 2
mammalian body.

{00241  In one embodiment, the cryolines of the cryogenic medical system include supply
tubing connecting the cryoengine to the crvoinstrument and supplying the supercritical
cryogen to the fine twbular structures of the cryoinstrurnents.  Return tubing allows the
cryogen from the distal end of the cryoinstrument to be recycled to the dewar, or cryogen
reservoir. The tubular structures within the cryoinstruments, or within any umbilical or
commection tubing leading from the cryoengine to the cryoinstruments comprise at least & first
tubing and & second tubing positioned in a coaxial or side-by-side configuration. Such design
allows for both supply and return of the cryogen within rigid or flexible integral tubing.
Various configurations of the cryvoengine in combination with oryoinstruments allow the
cryogenic medical system to be used to treat a plurality of treatment sites.

[0257  The cryogenic medical system freezes mammalian cardiac tissue or any treatment

site withip abowt 10 seconds to about 180 seconds. In freezing, an iceball is formed baving a

6a



WO 2012/119088 PCT/US2012/027512

diameter of about Z mm to about 30 mm or greater with a lenpth of about 1 gun 1o shout 130
mm or greater.

06261 In one embodiment, the oryoinstrument takes the form of an epicardial cryogenic
probe or an endocardial ervogenic catbeter, One embodiment ingludes a thawing mechanism

ey

used in combination with the oryoinstrument. The thawing mechanism may be integral to the
cryoinatrument and capsble of extending and retracting.
(00271 Ancther embodiment of the cryogenic modical systorn further comprises one or

more connectors that interconnect the cryolines of the crvoengine and the tubular structures

of the cryoinstruments. In one aspect, the connectors reversibly attach with and dewch from

the oryoengine or said crvoinstruments.  In anothor aspect, the connectors also have a

telescoping feature, snap-on, twisi-on or quick-connect feature providing easy atiachment,
The ielescoping feature extends and retvacis to flexibly position the cryolines and the tabular
stractures.

[002&] In another embodiment, the cryogenic medical device integrates a oryomnstrurnsnt
having a handle which mancuvers the distal cnd to the treatment site. One aspoct of the
handlc comprises one or more displays which monitor sensors and communicate information
for operation of the cryoengime and the eryoprobes.

(00297 Further, another cmbodiment utilizes a coryoinstroment having a telescoping
feature which extends and retracts during a treatment procedure. In one embodiment, the
supply tubing 15 interconnected with the return tubing to form an integral cryotube and
provide controlled rapid delivery of said supererttival eryogen to and from said distal end of
said cryoinstrument. 1n that sspoct, 3 telescoping feature aligns with the supply and return
wibing, The integral cryotube may be rigid or fexible,

(003431 In one embodiment of the systern, the cryoengine is a multi-port systern wherein
one or more of the prossurization systoms wnclude one ov move manifolds 1o perform mualtiple
fregiment procedurcs.  The pressurization systems and the maenifolds are configured to
perforre paltiple treatment procedores simauliancously or sequentially,  The muddple
treatment procedures melude one or more epicardial treatments, onc or more endocardial
treatmeonts, individually or in any corabination thereof,

00311 The cryomstrumenis in an emboediment also nchude one or more components that
attach to the treatment stie. The components clamp a vessel or tissue, such as 4 marnmalian
cardiac tissue

(0032} One embodiment of the cryogenic medical systermn comprises a monitoring system

~

tor visualizing placement of the distal end of the eryoinstrument through to the freatment site.
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A monitoring systerm may be exiernal to the system or internal fo the cryoinstrument,
mclading any fiber optic vissahzation means.  Sensors within the cryoengine and the
cryoinstruroent monitor conditions including temperature, pressuve, leakage, flow rate,
cardiac clectrical awiivity, freeze zone formation, computer simulated cryommstrument
counfiguration, and placement of the crvoinstrument. Further, one cmbodiment of the system
uttlizes remote conirols within the cryoenginve and/or the cryoinstrument.  The remoic
controls regulate treatment protocols, including veatment times, iceball formation, probe
placement, probe angle, probe deflection, temperature and pressurc, One aspect of the deviee
uses a warming feature within the cryogenic medical system to maintain a determined size of
iweball formation, condrob treatmont times, and allow for probe detachument, tssue thawing,
aud heating,
(030333 One novelty of the system compriges & cryoinstroment which creales a transmural
linear lesion.

1

0034 An embodiment of the present mvention is a crvo-apparaing for perfirming

crycablation i 2 maromalian heart, the coryo-apparatus comprising. one or more

£,

cryoinstruments interconpected with a {irst cryoline and a second cryoline (o form a unitary
tubular structure which cireulates a oryogenic medium to and from the cryoinstruments; 2
containey having 4 cryvogenic medium contained theretn; a beat cxchanger surroanded by a
subcooling chamber; at least one pressurized spparatus having one or more heaters arranged

-

therein, at feast one port, and one or more control valves, wherein at least & first portion of the
pressurized apparas s oside the oryogenic medium and at least 2 second portion of
pressurized apparatus 18 outside the cryogenic medivm: a flow generator which delivers the
crvogenic medium 1o the port of the pressurized apparatuy, the control valves releasing the
cryopenic medivm 1o & supereritical state from the port to the heat exchanger, and through to

said one or more cryolnstruments at a target site of cardiae tissue,

o

(0351 in one cmbodiment, the cryvogen of the invention uses liquid nitrogen as the
cryogeme mediam, which iz presswrized w prodece supercritical nitrogen, pscudo-flaidic
nitrogon, and/or pressurized hiquid nitrogen,

163363 A method of performing cryotherapy on cardiac tissue using the cryogenic
medical system comprises:  filling the pressurized system with the cryogen; activating the
pressurized systom to form a pressurized supercritical cryogen, and directing pressurized
cryogen through one or more supply lues o the orvolnstruments and from the

cryoinstruments through the one or more return lines.
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(0037 The method may inclade a step of cryoablating cardiac tissue withi

directing or as an additional step. In one cmbodiment, the crycinstuments utilize flexible
joterconnections to provide epicardial treatment upon a surface of & manynalian heart or ©
provide endocardial treatment by way of veasel access or cavity aceess through {0 an interior
surface of the heart. During the cryvablation, the cryoinstruments create transmural festona.
(3% Other embodiments of the nvention further conywise a step of utilizing bhybrid
ablation procedures, simullancously or in tandewm, to sblaie dssue in any region of the
mampzalian heart or within vasculature i & mammaliian body, alone or in combination with
the cpicardial and the endocardial weatmenis, The hybrid ablatios procedures comprise
cryoablation in combination with surgical intervention or one or more ablative onorgy sourees
meluding vadiofreguency, HiFu, and laser therapy.  For exemplary purposes, and uot
finitation, two epicardial probes or two endocardial catheters may be utilized, or one
epicardial probe with one endocardial catheter/probe fo perform two or more Cryo-
procedures.  Another hybrid procedure may combine an epicardial cryo-procedure with an
endocardial cryo-procedure or other ablation spproach, including RF, HiFu and/or laser
therapy.

(00397 Vanoos embodiments and aspects of the cryogenic system can be utifized to troat
cardiac arrhythrias, particulurly atrial fibrilation. While wying to maintain a hguid coolant
or cryogen in the supply path adequately enough and lowering the temperature, a cryogenic
supply console 15 utilized to chill the coolant that is supplied to a desived probe or catheter.
While resolving the difficulties associated with placing large conseles af a distance from the
operating environments due to associated warming of the lguid coolant, increased fluid
resistance {e.g formation of gas bubbles), and decrcased coolant flow to the iip of the
probe/catheter, the console is therefore vavsportable and deachable from the oryogenic
seurce. The sterconnected parts and components are also adaptable depending on epicardial

{c.g. cryoprobe attachment) or cndocardial (e.g. cryocatheter im,crconncf.‘:tis:nts.} treaiment

optious.  For example, the console of the invention may inlegrate treatment options into a

hybrid epicardial and endocardial device for the treatment of avial fibrillation.

BRIEF DESCRIPTION OF THE DIRAWINGS

(00407 The imvantion is best understood from the following detailed deseription when
-ead with the accompanyiog drawing figures. Tt is emphasized that the various features are
not necessarily drawn to scale. In fact, the dimensions may be arbitrarily increased or

decraased for clarity of discussion. Further, the below representations of a longitadinal body
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may not be drawn to scalo where particular aspects extend the longitudinal body fo fengths up

to »ix fect and beyond (as dependent on the desived application).

S

f00417 FIG. 1 s a side view of an embodiment of the device of present invention.

100421 FIG. 2 ix g side view of one cmybodiment of a heat exchanger.

100431 FIG, 3 flustrates a side view of one embodiment of a beat exchanger of the present
jnvention,

{00441 FIG. 4 s a top view of one embodiment of a device of the invention.

[00457 FIG. 5 s a depiction of a front view of the system,

(0461 FIG. 6 1s a sude view of an iluswative embodiment of the device of the disclosed
mvention when the lumen is filled with particies in gaseous state,

FO047Y FIG. 7 18 & cross-sectional view of the iltusteative embodiment in FIG, 6.

(00481 FIG. 8 iz 2 side view of an tlfustrative erabodiment of the device of the disclosed
ipvention as wemperatures arc reduced 1o a freezing point of the particular gas sclected,

(00491 FIG. 9 1y a cross-sectional view of the illustrative embodiment in FIG. 8.

FO0507 FIGS, 10~ 13 are side views of vartous embodiments of a device of the invention,
[O051] FIG. 14 s an dlnstrative embodiment of 2 product of the present imvention.

nvention.

h:d

100521 F1G, 13 & an embodiment of the
[00531 FIG. 15A 15 a magnified view of an end portion from FIG. 15
[00541 FIG. 16 15 an embodiment of the mvention including a handle,

(0557 FIC

3

17 8 an embodiment of the crvogenic systom.

[

DETADED DBRECRIFTION

(005671 fn the following detailed description, for purposes of explanation and peol Hmitation,

H
4

exemplary ormbodiments disclosing spectfic detasls are set forth i orvder w0 provide a

thorough understanding he presewt invention, However, it will be apparest to one having
ordinary skill in the art that the present mvention may be practiced in other cmbodimenty that
depart from the specitic details disclosed borein, o other instances, detatled desoriptions of
well-known dovices and methods may be omutiad s0 as not 10 obscure the description of the
present invention.

{00571 An external view of a device and systern In accordance with one embodiment of the

H

prexent fnvention i shown n FIG, 1. The oryvogenic systerm or device 30 has sidewalls 17
. [ W
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which form a container 6 that encloses an internal cavity, or fumen 15, In an cmbodiment of

FIG. 1, the container 6 takey the form of a vacuum insulated dewar 6. Any size or shape of

jnaulated vessel, however, may be uiilized as the dewar 6. The dewar 6 stores hquid cryogen
and intercommects a supply line 11 and return Bine 12 1o a probe or catheter (not shown) to
form a closed syatern 30, The dewar 6 may be made of material such as stainless stecl, cryo-
corapatible plastic, or any other material known for providing an insnlated vessel, The dewar

6 is filled with Higuid mitrogen or other lguefied gas (here, discussing as eryogen) fo &

maximum level 13, In one aspent, Yguid nitrogen may be preferred. In another aspect, any
fhutdic cryogen may be utilized (e.g. argon, oxygen, belium, hydrogen).

(0058 Within the miernal cavity, or reacrvoir 13 of the dewar 6 §s a submersible pump |
which delivers the Hauid orvogen 1o 2 gealed prowsurization apperatus 40, In one
embodiment, a valve 2 controls the pressure fl into internal open chamber 42 of the
pressurtzation apparatus 44, Onee the crvogen enters the pressurization apparaiss 40, an
unmersion heater 44 housaed in the internal open chamber 42 beats the cryogen {0 create 2
desired pressure. The hguid nisrogen within the pressurized chamber starts at 8 tomperature

of about ~196°C, When the heater is activated, It boils the nitrogen within the immediate
avea. Teraperatyre within infernal cavity 42 therefore stays within about -196 °C to - 100 °C,
more typically i the range of about 186 °C w0 -164 °C, or rather between about -170°C 1o -

160°C. Pressurized crvogen is then released through a valve 32 into the baffled finear heat

by

.

exchanger 4. In one sspect, lkpnd nitrogen is converted {o supercritical nitrogen (ST}

1 £

within the pressurization apparatus. The SCN is then divected 1o the heat exchanger for

14

subcooling and tuned 10 the liguid phase to attain an excess temperature. Thereafter, the SCN

can be iniected into one or more flexible cryoprobes such that the SCN flows with minimal

z

fricuon 1o the tip of the probe
[00597 tn another aspect, the cryogen can be converted into 4 pressunized Hguid, a pseondo-
fguid, or critical oryogen.  Other states may include supercritical (pscudo- ﬂmd;c;
compositions including that of pseudo-liquid and/or pseudo-gas, or any other states, alone or
in combination,

{00601 In addition fo the pump fzi;fﬁg the pressurization chamber, other methods could be
ased including a vacuwm pump sucking the tguid aifrogen into the pressarization chamber or
the tuternal cavity could be pressarized and that pressure could drive lquid nirogen into the
chamber. Tn another aspect, the purop 1 s a propeller, or vather » flow genevator § w cycle

cryogen from the reservoir 15 into the preswurization apparatus 40,

]
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[0061} The baffled lincar heat exchanger 4 in one embodiment is surrovnded by a subcooling

-

chamber 3 which subcools the pressurized cryogen for delivery to external cryoprobes. The

subcooling chamber 3 in connection with the heat excimngar 4 at an entrance 23 and an oxi

opening 36 form an integral unit 31 for supplying subcooled Tiguid cryvogen. From the heat
exchanger 4, the subcosled cryogen passes into a supply line 11 and continues out through an
axit port 35 and through a control valve 14 where various configurations of cryoprobes are

atfached. The subcooling chamber may attach a vent line to any of the vents 8, 10 a supply
commecting line 19 covtrolled through a valve 27, or to & vacuum line 16 through a controf
valve 7 which is connected (0 & vacuum pamp 18,

[06062] The cryogen s returned (as demonstrated by the arrows o FIG, 1) from the
cryoprobe vin a rowrn tube 12 into a return chamber/cyiinder & of the dewar 6. The return

1

twbe 17 conpecty into the return cylinder 5 which also surrounds the supply ftube 11 that exits

the heat exchanger 4. Oue or more exit ports 35 may be included in 2 side wall 17 of the
dewar 6 or may be a separate unit 14 to mcorporate various conirol valves
[0063] Though the embodiment described in FYG. 1 utilizes a heat exchanger, apother
embodiment docs NOT utilize s heat exchanger.  This simplifies the design without
sacrificing the SCM state.
[0664} To operation, the device 30 15 filled through & supply port 29 and then sealed to forma
closed system, thereby allowing for the supply, roturn, coliection, and re-utilization of hguid
oryogen during its utilization in the medical/surgical field. The entire system 30 may or may
not be pressunized during operaticn.  Where the eniire svstemn 30 is prossurized during
operation, this pressure could facilitate filling the pressure chamaber. The system may also be
vented 10 the surrcunding environment 10 prevent excess pressure buildup during operation.
In one aspect, the returning cryogen empties o the return cylinder or chamber 5. Tn another
aspect, the returning cryogen may emply 28 bulk fluid o the interval fumen 15 within the
dewar 5.
{00651 In oue cmbodiment of the present nvention, the lincar heat exchanger 4 subcools the
Louid cryogen prioy 1o delivery so ussue.  In the embodiment of FIG, |, the fincar heat

exchanger 4 18 an inner cherber 4 which passes through subcooling chamber 3 and is

~ 14

connected via the entrance 23 and exit opening 36, Liquid cryogen passing through the nner

P

chamber 4 is reduced i temperature 0 a sabeooling degree by the oufer subcooling chamber

3. The chamber within & chamber configuration includes a subcooling vacoum ¢hamber 3

filled with hquid cryogen upon which a vacoum 18 18 drawn through valve-controlled port 9

j—
N
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te reduce the atmospheric pressure on the cryogen. The temperature of the cryogen within
the subcooling chamber 3 can then be reduced even farther.

(00661 Although a heat exchanger s included here, i 1 noted that a heat exchanger need not
be incorperated in a simplified embodiment. The siate of SCN is achieved through the use of
the use of the pressurization chamber which provides for & continuous controlled delivery of
SCK to the treatment site.  Having two of more ressurization chambers faciiitates the
continnons and controlled delivery of the supereritical eryogon, here, SCN,

(00671 The subcooling chantber 3 also comprises vaive controlled ports § external o the
maximun liquid cryogen lavel for monitoring and clectronically controiling tomperatures,

1

presswes, and flow raies of hgoid orvogen passing through the sobeocling anit. In one
aspect, a vacuum 1¥ can be drawn on vacuurs Jine 16 at a controlled imternal valve 7 or
external valve @, In another aspect, valve controiled ports ¥ may be accessible for delivery of
figuad cryogen to the subcooling chamber 3 by way of a supply Hie 10 or as a vent 8 for any
excessive gas coming from the sabeooling chamber 3. Ag depicted in FIG., the vacuum 18
also s attached to the cryoprobe{s) by way of vacuum line 39,

(0687 Aspects of the linear heat exchanger 4 are illustrated in FIGS, 2 and 3. FIG. 2 and

FIG. 3 ilhaswate side views of different aspects of & lincar baffled heat exchanger 4 and

subeooting unit 3 a8 ap integral onit 51, An interior central Compounent or spival 20 within the

L—M
(‘)

interior fumen of the chamber 4 operates like a corkscrew to increase the flow path 25 o

frquid cryogen. An outer wall 22 of the inner chamber 4 also compriscs baffles 24 whict

,:Y

mnerease the surface area in the beat exchanger for quicker and reduced cooling of the liguid
cryogen, As illustrated, a series of baffles 24 emanaie into the flow path 25 (85 iHusirated by
arrows} of the cryogen in the inner himen, thereby increasing the surface arca in the heat
exchanger 4. The spural component, however, may be any size and shape as o efficiently
increase the fow of lgqud cryogen. Planar structures, as described below, or any additional
featyres included to increase surface ares may be incorporated or substituted.

(00697 FIG, 3 ilustratey another embodiment of & Bnear heat exchanger 4 such that the
internal structure 20 bas a planar configuration and also oporates in a circular motion o
increase the flow 235 of the Hquid cryogen. An interoal siructure 20 assists in circulsting the
flow of Tiquid cryogen through the interior lumen of the chamber 4, possibly with an
nterconnected tubular unit that would allow radial movement of the internal structure 20,
(00707 One ombodiment of the medical device comprises a vewrn chamber 5 which 1
iustrated as a return cylinder 5 in FIG. 1 such that the return chamber 5 surroonds the

supply line 11 coming from the heat exchanger 4. The retwn chamber 5 and the surrounded

~ A
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supply ling may then provide a secondary heat cxchanger for the systemy/medical device 30
Cryogen return I8 vented into the refurp chamber 5. In one aspect, the return chamber 3
sprises a series of vent boles 26 near the top of the return chamber 5 to allow for the
venting of gas and/or liguid overflow into the main dewar 6. Vent holes 26 allow for the

reutilization of cryogen and thus extend the operation time for the medical device 30.

[(M¥711 In another aspect, the retin tube 12 1§ vented into the main dewar & either divectiy or
by first passing through a Hinear heat exchanger (sumilar 10 the combination of heat exchanger
4 and subcooling charmber 3} 1o subgool the return orvogen prior o venting into the main
dewar 6. Retwrn of the cryvogen to the main dewar ¢ aliows the oryogen {6 retum through a

heat exchanger such that the cryogen is reutilized and extends the operation time even longer.

{00721 In another embodimens, the medical device 30 may provide a systom which s
controlled through a serics of computer controlled valves imchuding any heaters, sensors,
motors, or ganges. The sensors control and monitor pressurs, temperatare, and fluid level in
the dewsr, and can messure any metric as may be destrod. In one aspect, the sonsors monitor
pressure lovels within defined safety vanges. In another aspect, the sensors may control the
pressurization of one or rpore components internal 1o the dewar. Any of the valves 2, 7, 8, 8.
27 or 32 including exit portal valve 14, may be avtomated to emable a controlied and
consistent operation of the cryogenic system {e.g. computer controlied operation through the
clectronicatly controlled valves),

[00731 An embodiment of & systen 530 ts shown jo FIG. 4. As ilhusiraied jo a top view of the

systeny 50, a series of six pulsatile pressurization chambers 40 are sealed chambers/ovlinders
48 within dewar ¢ of the closed sysiem S0, From the pump, Hguid cryogen in pamped to the
prulsatile pressurization chambers 40 which then delbivers liquid crvogen in a continnous series

of bursts to the heat exchanger 4. The baffled Guecar beat exchanger 4 provides an enbanced

subcooling of the pressurized Haguid cryogen while also incorporating an integral subconiing
unit 3
(00741 The chambers 40, cach comprizing an individual imwoersion heater 44, can then

i

sequentially deliver figuid cryogen at consistent rates, or as specifically defermined rates, 1o
the heat exe:'hanger 4
[0G75

continues out through an oxit port 35 where a control valve 14 i positioned and various

A

V- .}
"'<
o
s
o
il

M

he heat exchanger, the subcooled oryogon passes into 2 supply line {1

o

configurations of cryoprobes are attached. The cryogen is returned {as demonstrated by the

agrows in FRG. 4) via a retumn tube 12 from the cryoprobe to the dewar 6 inio a retum

14
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cyi‘md@; 3. The retarn tube 12 conpects into the retarn oyiinder which surrcunds the supply
twbe 11t xits the heat exchanger 4. The entire system 50 may or may not be pressurized
during operation.  The device is also vented through vent ports & to the surrounding
cuvironmmont 1o prevent excess pressure buildup during operation.

{00767 Duaring the operation of the systern 50, as ilustrated in the embodiment of FIG. 4, a
cryogenic systern S0 heas been filled and detached from us cryogenic fill tank. In one

embodiment, t

e systern 50 38 a soparate mobile anit protecied avd contained eotirely wi

an enclosed console for casy access and mobility. Once the sysiom has been sealed.

cryegenic supply can be mamntained for several procedures. The reutilization of the Hguid
cryogen provides a tme savings and costefficient model for cryvotherspeutic and

cryosurgical procedures. The systers 50 can be furthor aulized for any process requiring
rapid cooling,
[G0771 In another aspect, however, the system 15 configured o be ruy in direct connecion 1o

a bulk bauid nitrogen supply.

&
0078] As depicted, the systorn 50 comprises a submersiblo Hauid crvogen pump 1 connected
toa supply line 11 which directs the liquid crvogen into a supply manifold 33, Here, nitrogen

¢ oryogen ufthzed. The supply wanifold 33 routes the liguid nitrogen inio al least one
puisatile prossutization chamber 40 where the bguid crvegen i3 heated,  The pressurized
fupaid  cryogen, here, liguid mitrogen, then starts filling the next pressurization
cylinder/chamber 40 in the series such that when one chamber 40 is filling, another can be
simwdtancously prossurized and prepared for use. This permiis a wave of activity through the
cylinders so that it can cycle through each step of systom operation. As the pressurized
cryogen is delivered to the heat exchanger 4, and passes the subcooled pressurized cryogen
out through the supply line 11 through the exit port 35 and imo the attached orvoprobes,
another pressurization chamber js filled end presswized.  The simultaneous use and
pressurizaiion of the iquid cryogen provides for the sequential delivery of Hguid cryogen na
ontinuoes series of pulsations 1o a cryogenic instrument or probe. A manifold may be
integratod 1o supply continucus pressure. The beast exchanger may also be utilized 1o supply
continuous delivery of sub-cooled SCM,

{00791 In one embodiment, lgud nitrogen is used; however, any cryogenic fluid may be
utilized, ncleding rzié;‘@gw, argon, heltum, hydrogen, and other such desired fheids. Bach
pressurization apparatus 40 comprises a pressure valve conwrolled inlet 52, valve controlled

cutlet 54, and vent ports as may be desired, as well as an immersion beater 44, In one aspec

the fillmg of the pressurization apparati 40 is controlled through a series of pressore valves 52

o~
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on the supply manifold 33, Liguid crvogen s heated within each pressurized apparatus.
Pressurized liqpuid crvogen 18 then released through the controb valve 54 1o an outlet
port/opeming 46 of an outlet manifold 534 fo the supply Hine 11, and delivered fo a baffled
hincar heoat exchanger 4. In the dlustrated erobodtment, a subcoobling unit 3 surrounds the heat
exchanger 4 for more rapid cooling

[0 In one embodiment, the cryogenic device 50 comprises sin pressurized apparati 40
buoked together. Othor embodiments, however, may comprise any nwober of pressurized
apparati 40 individually or linked together in combination.  The apparati can then be
controlled individually or m sequence o deliver pressurized Hguid cryegen 1o the heat
exchanger 4. To anothor aspect, one o more pressunzation apparatt 40 may be arranged to
supply one or more cryoprohes.  Further, the serios of pressurized apparati 40 may be
wnterconnected with another series of apparati 46,

(30817 In the embodivnent of FHG. 4, six pulsatile pressurization chambers 40 are housed
within a support setwork of a console. In one example, three of the cylinders within one-half
of the dewar simultancousty fill while three cylinders within the other half of the dewsr
detiver crvogen out through the outlet mantfold. {Any number of cylinders, however, may be
operated individnally or i desirabic combinations.y Liguid oryogen i heated in the scaled
pressurization chambers 40, Pressure 8 increased w0 a specificd level 1w the sealed
pressurization chambers 40, and then the pressurized cryogen is controflably released into a
fieat exchanger 4 o subcoo! the cryogen. In one aspect, a subcooling vacuum chamber 3
surrounds the beat exchanger 4, faciliating the defivery of subeooled eryogen to an attached

sensor within the heat exchanger monnors the temperature and pressure of the subcooled

cryoprobe {(also reforred 1o as probe or catheter). As the pressurized ¢ryogen is ut
cryogen passing wio supply hne 1 as it contimues ouf through an exit port 35 where varions
configurations of eryoprobes are attached.
{00821 Although the system may il or discharge ecach cylinder 40 mdividually, any
simultancous {1 or discharge, or rate of 1 or discharge, may be incorporated inio the
systent,  The closed system keeps 2 supply of Hguwid nurogen available for delivery to the
cryoprobe and provides a more immediate and rapid raie of cooling for eryotherapeoutic
procedures. It is therefore poasible to close the supply port 29 where supply tanks il the
dewar {(See FiG.1 and FIG.4) and move the systern to any locale or seiting. Furthermore, as
depicted in FIG, 1, the supply valve 2 way be closed and the release valve {4 opened ©
reate a flow of liquid cryogen fo the aryvoprobe. Various arrsngements of valves and sensors

may therefore provide for similar flow,
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{00831 in one cmbodiment, the ;3%{:331‘;1{’12:6@:{ chambers 40 are filled and the dewar sealed. A
single drive pump | perpetuates divectional flow of the crvogen e the pressurization
chambers, In one embodiment, all chambers can be filled Swough various configurations of
single direction pumiping. o another crobodument, 4 reversible puop and il method aliows
one pressurized chamber 40 1o fill and then the pump 1 flips or reverses functiopality 1o fifl
another preasurized chamber. This process can be repeated to fill any number of chambers.
In adduon, the supply mamfold can be pressurized to drive Bgwid nirogen into the
pressurization chamber

[0084} In one cmbodimend, pressurized chambers 40 are enclosed completely within the
dowar 6. However, any arrangement of the pressurized cylinders iy possible so long a3 the
elosed system provides for the pulsatiie delivory of cryogen to the cryoprobe. As such, any
single or muitiplo configurations of cryoprobes or catheters may be used. Such nstruments
may also mchide cryoguns or cryodevices Tor rapid eryo-delivery processes or eryotherapies.

(00857 Ax Mustrated in FIGL S, a oryogenic systorn 200 (also kaowa as cryoengine 200 has

a two cylinder configuration, the system of which is divided into two subassernblies: (1) those
components above the cover 209 and (1) those components below the cover. Al of the

components below the cover are contained i a bogwd nirogen dewar 206 and tmmersed
p fred

2

hguid nifrogen at atmospberic pressure (BP =

=1

-196°C) during operation, The machinery and
components of the operations! system arc houscd in a console 210 {o which the
eryocatheters/oryoprobes 265 are attached to form the complete system 200, To wnderstand
the operational features of the crvocnging and method of production and transport of
supereritical nitrogen (SCN), a brief description of crvopen flow follows,

(D086 Upon filling the dewar 200 with liquid nitrogen from an exiernal source, an
immersible hguid eryogen pump 201 i activated to {1l each crvogen supply cylinder 2023 &
2010, or cartridge, sequentally, Initially, one carmidge 202a s filled along with its linked
crypgen pressurization cartridge 203a. Cryogenic solenoid valves 204 {(a and b)Y provide
venring of the gag within 1he cariridge assembly 10 support filling. Muanifolds 208 {typicaily
metal, stainless steel or aluminurn) provide aceess pommts into the carmidges/oviinders 202,
203, The manifolds comprise coraponenis such as a heater, thermocouple, and the vent lines
that pasy through fo the cylinders 202, 203, Upon completion of the filling process, the
cryogen pressurization cartridge 203a is heated to generate a pressure of about 1000 psi (68
bar). Liguid aifrogen becomes critical at abouwt 493 psi (34 bar) (BP = -147°C)

AN

Presasurization bevond the critical point results in the formation of SCN, a dense fhud with



WO 2012/119088 PCT/US2012/627512

~ :s

minimal surface tension and capable of near frictionless flow, and with properties that may be

tuned to sither a gas or Hquid.
00371 By converting hguid nitrogen to SCN in a cariridge cocled by atmospheric Bauid
nitrogen (-196°C), the 8CN is subeooled and tuned to the figuid phase, aitaiping an excess
temyperature (1.e. the ahility to sbsorb heat without botking) of approximately 50°C. When the
SCH s imjected into the Dexibic cryoprabe, the SCN fiows with minbnal friction to the dp of
the probe (botling charsber). In the tip, ST pressure drops due 10 an increased volume and
utflow restriction, heat is absorbed (nucleate boiling) along the inner surface of the TiP,
micro bubbdes of nitrogen gas condense back nto @ liguid, and the warmed SCN reverts to
prossurized Uguid pitrogen as i exits the rotwrn tube and rosupplies the dewar condaiming
atmospheric guid nirogen. This flow dynamic ocours within & few seconds and is regulared
by a high pressure solencid valve 204, Upon emptying of the first ceyridge subassembly

{2022 & 203a), the process 15 repeated with the second cartridge subassernbly (202b & 2030

/

(0088}

As demponstrated by FIGL 8, the Hmitations of liquid nitrogen bave been overcome by
doveloping a novel device to convert atmospheric Yiquid nitrogen to supercritical nitrogen.
Where figuid nitrogen was previously delivercd through large tubes and did not provide for
rapid delivery, the current system herein described allows for rapid delivery of liagund
crvogens through very small tubing of the cryo-instrument 265, The SCN can be injected or
drawn through two plas moters of hypodermic tabing without boiling, thereby resulting in
near instantancous ice formation at the Lip to target site specific ablation of tissue as well as
the creation of transouwral lesions wubout the formation of a thrombus or aneurysm.
Supercritical nifrogen s a dense fluld with properties of both gas and figuid that can be tuned
toward one phase or the other. In the liguid phase, SCN lacks surface tension and transports
without friction. The above-described technology generates SCN in a pressunized cartridge
smmicrsed 1o atmospherie Bquid mvrogen,  This oryoengine, which operates as a oryogen
generator, produces SCM i the liquid phase with s boiling point of sbow -149°C which is
subeocled by the surrounding atmosphene lquid sitrogen (o about -196°C., When the 3CN is
expelied from the device to the probe tip, the SON passes mstantly through the systemn
without the phase trapsition {0 a gas duc to both the frictionfess flow and the subcod ling
which compensates For parasitic heat gain along the path. As Such, the embodiment of FIG. 3
may be utilized i any supercooling system or in divecting flow of liguid cryogen through o a
cryo-tnstrurmaent, The supereritical pomns will be determined by the chemistry of the specified
figuid or gas used. Therefore, the system can be adiusted to acconunodate for differences in

chemisiry. A catheter/probe assernbly 263 s connected o the crvoengine of FIG. &

i
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00891 In one embediment, the design of the crveablation console is a cryosurgical device
that utilizes SCN as the cryogen. The console comprises 2 vacuum insulated, stainless stect
supply dewar (filled from an external source) that stores the reserve liguoed nitrogen (LN2)

~YS

The hid for thia dewar i3 a machined picoe of 17 hick delrin backed with a 27 thick picce of
foam insufation. A 37 flexible duct vents the nitrogen gas from the dewsr directly out the
boitom of the console. A smail, brass gear pumyp driven by & 24V DC motor pumps the TNZ

through a series of check valves, proventing pressure from cscaping back through the puamp,
and into & stainless steel supply cylinder. The nitrogen gas generated during flling is vented
through two low pressure solenoid valves (the LP vent valves) before entering a heat
exchanger with e exi jocated inside the console, The LNZ lovel in the supply cyiinder is
monttored by & multi-pont thermocoupls probe which reads the temperature at the bottom,
middie, and wp of the evlinder as well as ai a point just above the [kl inside the main vent
Line. A sccond stainless sweel cylinder (the pressure cylinder) is located outside the supply
dewar and 18 connected (0 the supply coylinder throngh a high pressure solenoid valve {the

ressure valve) This valve is closed during filling to prevent cold nitrogen gas from oniering
P ) H

L;"'

the pressure eylinder, but opened daring pressurization to increase the total volame/p
head of pressurized SCN. The cylinders may fake the form of any comainer, any shape and
size; here, utilized cylmders have heen 11, 2.25L, and 51, although any size and dimevnsion

will work. In practice, however, the footprint of the operating device in a clinical operating

GG

environment i8 as small as pogsible. Volume may be based on specific applications, sumber

of procedures and stze lvnitativns of the opurating covironroent.

(00901 in onc aspect, during the pressurization phase, the vent valves are closed, the pressure
vatve Iz open, and two cartridge beaters sobmerged i the supply cyvlinder are turned on.

Heating tape 1 wrapped around the pressure evhinder, and together the beaters supply enough

cuergy to the closed system {0 create supercritical nitrogen (SCN} Once adequate prossures
are obtained {(~1000 psi}, two high pressure normally closed solenoid valves {infection
valves) can be opened which supply vitrogen to the 2 probe ports. Pressares are montored by
a pressure ransducer located in a mantfold at the junction of the vent aod pressure lines. A
pressure bieed valve set i ~1200 psi s alse jocated in this manifold and prevents
overpressurizaiion of the systen.

(36911 T another aspect, the aryoengine also contains a thaw featare. At the bottom end of
the prossure cylinder 13 an in-line gas heat exchanger wrapped with copper tubing, In another

aspect, thawing can be achieved by the placement of a thermoresistor wire, film, or coating

on the inside or ouiside of the cryorobe which when activated yesuls in a probe surface

e
)
S
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heating and thawing of the surrounding area. After completion of the freeze cyele, residual

nitrogen gas is passed through this heater and high pressare solenoid valves control flow mto

1ot

the injection hne of the probe ports. Upon commpletion of the freaze/thaw cyele there 15 ~500

psi of roxidoal pressure 1w the systent. A high pressure normally closed solenoid valve (the
HI* vent valve) connected through the roanifold is then openad to vant this prossusre down to a
point at which the LP vent valves can be opened to return the system {o atmospheric pressure
The console also contaings an oil-less vacuum pump connected fo the vacuum line of the
probe ports that supplies insulation and a safety featwre for the probes, and 2 purge line
flushing warm nitrogen gas throughout the system prior o operation. The purmp may also be
connected 10 an operating room vacowm system i deswed.

(00921 A contained crvogenic medical systom 588 of the invention 15 tustrated n FIG, 17.
Within the console 52€ is a crycengine 538 (sinilar to the cryoengine 200 of FIG. 53, A
deway 507 1s filled with Hiquid nitrogen {EN2) 1o ereate 2 cryogen reservolr 3010 A
pressurization systern 503 afilizes a first vessel 305 and 2 second vessel 5307 mierconnected
by line 504 and having o valve control 518 {which connects the two vessels 505 and 507). In
this embodiment, the first vesscl SO5 Is positioned vertically mside the cryogen
veservolr/dowar 501, The second vessel 507 i3 positioned vertically onfaide the eryogen
rescrvolr 507 at an ambient tomperature with the swrounding air. A cryogenic flow sctuator
504 is positioned inside the cryogen reservotr. The oryogenic flow actuator 509 is activated
by engaging the fiil motor 522 to start the fhyw of the LN2 through a fill valve 508 (here, a

-

checle valve for uni-directional flow}, thus creating a flow of TN2 from the reservoir 541 inio

\

a port 502 of a first vessel 505 of the pressurization system 503, Valve 508 may include

!

sensors for temperature and pressure monitoring and/or control. When filling the first vessel

508, a vent valve 506 connected Lo the firet vessel 505 18 opened to allow vesting of any
excess vapor created during the Al process, the gas of which escapes through vent lines 52

1o the veat fan 524

(0931 The level of baaid nitrogen within the first vessel 505 18 yoeasared by & thermocouple

sensor 575 which protrudes through the fivst vessel 505, Several means are capable of being
utilized to sense the lguid and gas cryvopen lovels within the vessels 5G5/507. Such sensors

may include a float sensor, a capacitance level sensor, thermal sensor o sivnilar variations

thoreofl. Following fitling of the first vessel 505, the vent valve 506 is clused and the valve
control 310, positioned betwoeen the first vessel 505 and the sceond vessel 507, is opencd to

create a continuous pressurization system comprising a volume of Bquid nitrogen in the first

507,

i

vessel 505 and an approximately equal vohume of nitrogen vapor in the second vesse

20
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00941 In this ombodiment, the first vessel 505 is at nesr UNZ temperatures; whereas the
second vessel 507 is at an ambient temperature above the temperature of the first vessel 505,
In another aspect, the foraperature of the second vesse] 507 s elevated to an above ambion
temperature. o yet anothor aspect, and without limuation, the tomperanme of the second
vessei 507 is kept at tfemperatures in the range of about 30° 10 about 40° C to help build the
pressure faster as compared to when {ower ternperatures are used.

FO095] A heater 512 i arranged intorpal to the frst vessel 505 and activated 0 create a
boiling microenvironment in the LN2 to produce N2 gas. Bince the first vessel 505 and ¢

second vessel 307 form a closed pressurization systern 503, the boiling of the LN2 results

13
¥

~z

gas expansion and thereby increases the prossur 1in the pressurization sysiern 503, The
pressure In the Systern is increased throt gi and bevond the eritical point of nitrogen
(-146.557 C at 4929 psi), creating superentics] nitrogen (SCNY, also known as & psuedo-
flaidic state (pseudo~gas or psoudo-lipad) in the art. See FIG, 18 (PRIOR ART) which
deseribes  the various  thermodynamic  regions; Reference: FHards, R4, Criogenic

ering, Academic Press, 1996

Iy

(00967 Wovelty in the cryogenic syster 500 is in part due to starting with near equal volumes

{LNZ and N2 vapor as components for the creation and maintenance of supercritical
nitrogen (SCM), Onog SCN is produced and g prossure of about 100G psi or greater 18
achieved within the pressurization system, contrel valves 514 are opencd to alow the flow of

SCH from the pressurization systemn 503 through to cryolines 516/7

\}}

18, thus creating a fluid

path of SCN toward the connection Sites 526 for extornally positioned probes. Tu the
iustration of FIG. 17, the conncction sites 526 gre positioned for easy access on a counsole
528 which encases the entire presswrization systern 503, including the components deseribed
herein,

(00977 & prosswre bleeder valve 527 prevents excess prossure build-up before the valve 514
is opened. Typically, the prossure blecder valve 527 is set at about 1250 psi or anywhere

around that pressure, up fo the bart pressure of the material utilized n the pressunization

(0098} As illustrated in FIG, 17, the cryolines 316 arc immersed in the surrounding LNZ
reservoir 501 and create a continugous fluid path from the first vessel S05 of the pressurization
systemn 503 {0 the exiernal eryoprobe(s). The flow of the SCN through the cryolines 516 %
contrailed by the control valves 514,

{00991 The coryogenic systom and process described allows for delivery of SCN through

cryolinea 516, apecifically through supply tubing 518, which extends over distances of about
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two to three meters or greater in length to a designated freeze region in an external
cryoinstrument, or cryoprobe (not Hlustrated i FIG. 17)  In addition, the system 500
provides for the delivery of SCN through vliva fine capillary-like tubing (not Hlustrated) that
connects 1o the connection sites 526 for supplying SCN fo externally positioned probes. The
tow ocours in a matier of seconds providing for the delivery of ultracold SCN 1o the probe
tip. The SCN s then returned through # second fleid path 320, or return tube 520 and
recycled/retumed/rectaimed n the LN2 reservory within the systom, The oryogen retams 10
the reservolr 301 st an wltra cold temperature at a reduced presswre, facilitating the
conversion back ingo LN2 for reuse.

(00100 Differential starting volumes of vapor and baud, when placed under inoreased

pressure above the oritical poind, results in the creation of yoixed or different physical siates,

This results in a condition which is dificult to maintain and control, For example, a staring

D

volumoe ration of 111 LN2: N2 vapor when pressurized to 1,000 psi results in the genevation
of SUM. Whereas a starting volume of 311 LN2:NZ vapor when pressurized to 1,000 ps docs
not create SCN becanse although it 18 above the critical pressure it docs not exceed the
critical iemperatire. When pressures at or near the critical point of nitrogen (4929 psi) are

ulilized, the starting liguid to vohame ratio increases w importance. Operating in this region

N

of prossures and teroperature oreate av undefined and voconiroliable vanable state which bas

-

A

en referred to in the art ay "near eriticsl nitrogen”.

f"“

By controiling the volumes, pressures,
and temperatures as deseribed herein the present ivention overcomes certain deficiencies of
the pricr art by creating a stable and controllable source of SON, compressed N2, or

pseudo-fiquid.

[O0101 ] Clenoration, utilization and controlled delivery of SCN allows for the rapid
defivery of a cryo-treatment, offering the speed of cold temperabire gas and near critical
cryogen/virogen while providing the heat extraction, work capacity, of @ TNZ sysien:,

(00102]  The eryogenie flow actuator 509 is designed 1o actuate flow of LN2 from the

reservoir 501 imlo the pressarization system 503 io il the pressurization systems 803

{incloding vossels 505 and 303y, The form, pump, s wed o describe the creation of

movement of the LN2 (see FIG, 171 from the reservoir 301 into the pressurization systern 503

through port 502, There s no compression or pressurization of the LN2 within the
pump/generator 509; in other words, the pursp does not create SCN nor does the pump have

¢ force 1o drive the LN2 down the supply tube fhuid path 1o the probe tip. The punp is g
L I i 3

meang to fil] a first vessel 365 with LN2.

3
e
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(00103} 1 one aspect, prior to operation of the cryogenic system 500, purge line 521 is
used 1o blow nitrogen gas through the systern prior (o filling the dewar 501, The vont fan 524
described increuses the temperaturs of the nifrogen gas that 18 released through the vent
valves 306, Veuot lines 523 comnect the vent valves 506 to the vent fan 1o conrol the
emperature.  An ambient {warmer] somperature can then be maintained within the console

A

'J‘

(301041 The systers further comprises aftachable or integral crvoprobes or gryocatheters,

termed cryoinstruments for various embodimonts that may be utilized. wiernal view of o

Ey

crvoinsirament 65 of the cryogenic system i accordance with one embodiment of the
fmvention i shown in FIG. 6 and FIG. 7. The oryoinstrument 65 takes the form of 8 catheter

‘I i

faving a whe within a tebe configaration, and forming the longnudinal body 65, The
longitudinal body 65 comprises internal tubes, including 2 supply line 62 and a return Hoe 63,
ontained within an ouler insulation tebe 61 and continuously running through the length of
the tubsudar shaft 60 of the longitudingl body 65. The outer insulation tube 61, or outer
catheter sheath 61, defines the size, shape, and dimensions of the longitudinal body 63 which
cunforms 1o dimensions that are capable of housing the internal lines 62, 63. The tubular
shaft therefore extends from a proximal end 51 of the Jongitudinal body 65 o a distal end or
tip 68 The outer catheter sheath 61 provides a unitary support structare for the flow of
cryogen to and from the distal end of the catheter tip 68 df‘s!idbi}f‘ the distal end s whore a
freezing event is initiated. The cryogen atilized in one embodiment may be Hquid nirogen.

o another erobodivoent, supereritical nifrogen s ufilized. Aoy desived Hguid crvogen may be

P

justed 10 accompodate for diffcront chemistries and

utilized, howcever, and the system ad

phases of matler.

(001087 The jonor supply line 62 and returs Jineg 63 are mainiained in the conter of the

,

cuter sheath 88 by open configuration insulanive spacers 53 placed throughout the catheter

The spacers 33 can be in the form of individual unis, wube extrusions, or other means of

X

positioning (he wbing. The open configuration allows for a catheter lumen 64 to be filter
with gas. The ouler catheter sheath 61 1s sealed to the connecior 66 1o ¢reate the gaseous
tumen 64, The tip 68, i combination with the inser supply line 62 and the return line 63

P

come into contact with the outer sheath 61 at the distal end o develop a freezing region.
Additionally, the open configuration can also allow for a vacwun to be drawn upus the
gatheter humen 64,

(001067 In addition, in one embodiment, the shaft 60 of the catheter 65 i3 {lexible, as

facilitated by a deflection wire 67 that runs along the shaft 60, the shaft of which is insulated
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by a temperature nduced vacuum. The deflection wire 87 s a control Hine that runs down the
shaft 60 to the tip of the catheter 65 10 allow the catheter ip 68 (0 be moved on an angle, in
finges-like motion to steer and direct the catheler/probe 65 to the target tissue.  In one
embodiment, the deflection wire 67 guides the device 65 and montiors environmental
measuwres of temperature, pressure, and/or physiological conduions. The guide 67 may
integrate individeal components and sensors such ag am optical imaging component i

conncetion  with the goide or any number of thermoconples, pressure  transducers,

electrocardiogratn monitors, or other electrophysiological sensors, alone or in combination.

1001071 Another embodiment of the present invention may use insulative feam (e.g

styrofoam, plastics, rubberized materials or other such sulative compositions) o separate

the guter shaft 60 from the mterval nes 62, 63 (.o joner supply line 62 and return ne 63),

i
8
o
[}

Various aspects of the invention, however, accommodate a catheter lp 68 as designed
steerable and deflectable to allow for guided fargeting to the desived tissue site.  In one
aspect, spacers of Msalative foam may be aulized Lo provent internal supply and retorn Hines
from contacting the cuter sheath, In another aspect, any freere 2 can be produced as
desigrated by the configurations of catheler tips 68, (See FIGS, 1813}

[00168)  in the process of ulilizing the catheter 65 of the present invention, a condensation
based vacuum insulation 15 teveperature dependent and locsted iv the catheter 65, Upon the
outer surfaces 69 of the walls of the supply line 62 and returm Hne 63, 4 process of physically
marking or chemically etching the swaces 6% enhances nucleation and physical vaporization
deposition of saturated gas. For exemplary purposes only and not limitanion, the surface may
be roughencd, spraved with any number of powder-like substances like silica, metallic
articles and/or 8 carbon coating.  The lumen 64 within the outer sheath 61 s filled with
select vapors, or non-equilibrated phase change gas 64 In thiy embediment, for example,
budane 1y utifized which romains in 2 gaseous state at about room feraperature, between about
(°C 10 aboyt 37°C (See FRGE, 6, 7), but solidifies into crystaliine deposits 52 upon chilling to
beluw abont 0°C, specifically to about - 13870 for butane, and simultancously deposits a {iim
of crystals in a controlled deposttion process wpon the designated surfaces 69 (See FIGS, &,
8). Butane soiidifies at about -138°C, a critical point for butane. It should be noted, however

4

o

that the temperature variations are dependent upon the type of vapors wtilized, chemical
characieristics and variations of vapor combivations. Therefore, temperatures of varying

gases may be selectively controlled so as o create the same or similar effect of spontaneous

nucleation and simuitaneons deposition upon reaching z freezing temperature. One novelly

o
E>S
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of the system allows the hypotubing 1o got cold enough for this vacuum {0 form such that the

4

hypotubing remains structure and function for procedural use.
(001097 In addition, one embodiment may interconnect & vacuum lne of 2 cryo-system
copsole with the catheter or probe 65 through a vacowmn port 55 of the counector 66 a8
itlystrated in FIGS. 6 and 7. {n one aspect, the vacuum ik formed upon scaling the lumen at
the connector and mechanically drawing a vacuum through vacuum port 55, In another
aspect, the vacuum port may connect via S own vacuum systemn or in combination with the
vacuum puop of the cryosystem, or through a hospital vacuum system. Thus, a dual

insulative barrier can be crested in the present mvention by either 2 mechanically drawn

vacaam or a spoitancously induced vacuurs [via teroporatere inducement] (the vacuum Hsell

creating the insulation for the intorsal mbes) in combination with 2 nucleation enhanced

surface modification to enhance deposition of gas erystals onto the designated outer surfaces
of the imternal tubes. Diesivably, the outer wally of the internal tubes are physically or

chemically etched at designated sites along the twbular shaft, A region within the distal cnd
or tip § can then be configured specifically designated froeze zones,

[001107  In one cembodiment, heating wire or heating tape i used on the external sheath of
the catheter to keep ite temperature sbout freezing, 7C

(00111 In the deseribed embodiments, mucleation/ sublimation in combination with a
deposttion process forms solid crystals along the supply line 62 and return ling 63 outer walls,
and spontaneously results in an evacuated space within the lumen 64, The evacuated spacs
acts 45 an insulative barrier between the outer cathetor sheath and the frost cucased inoer lines
62, 63, Film wisc deposition aiong a length of the surfaces 69 of the supply line 62 and
return Hne 63 results in erysialline film deposits of low thermal conductivity. The deposition
snay coat a portion of the outer surfaces or the entive oafer surfaces of the mper Bnes to ran
the entire length of the imternal wbes, (Note: The ‘x° marks in FIGS, &, 7 demounstrate the

nucleation crriched supply and return tubular surfaces 69, the tubular surfaces of which are

modified by processes deseribed herein, The vun-solidified gas erystals 54, non-cquilibrating

phase change gas parucles 54, are tustrated w FIG. 7. Nucleated or solidified particles, as
designated by “*7 are depicted in FIGE. 8, 9 upon the modifications °x’ (ct{.h‘m*;) on the

temperature. [n one aspect, any pressure may be ntilized. For txeu';_plary purposes
and not Hmitation, pressure in the device may be maintamed or controllably elevated or
reduced. For instance, gas may be maintained at atmospheric or high prossure to suppost the

retoniion of the vapor stale at yoom temperature.

N2
L
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(001121 Osher agpects of embodiments of the present invention include gas as either 3 pure
component or as a mixtore of various componenis.  Such gaseous compositions, for
exemplary purposes only and not Umifstion, may comprise butane, carbon dioxide, jodine,
camphor, and/or nitrous oxide.

[00113]  In another embodiment, an enhanced nucleation surface 69 on inner tube/line 62,
63 surfaces may result where a process includes treating the walls of the inner lines 62, 63 {0
match nucleating efficiency with the chermnical characteristics of the gas 10 bo deposited (e
marking the surfaces with impuritics, utilizing silica, or other powderized material,
chemically conting or eiching) and thereby create a similar effect

B0114]  Embodiments of the present invention manmpulaie the struchural configurations of
the tips 68, as dlustrated in FIGS, 18-13. In one or more embodiments depicted, the freezs
zone s created where the internal components 62/63 contact the outer sheath 61 at a diste
end 63, One such eybodiment of a distal end 100 in FIG. 18 includes a closed loop coiled
supply tube 186 in contact with the outer sheath 61 to affect a cold sink. The sapply line 62
and roturn Hine 63 convenc at the freezing zone of the tip in the formation of a coif 106
(00115]  In another embodiment of & distal end 110, as shown in FIG. 1, a metallic
balloon tp 107 58 dlustrated in which crvogen is oirculated in the Up and then retwned. The
supply ine 62 oxtends 10 g distance into the tip 68 bevond the extension of return line 63 such
that cryogen puraped into the balloon-like tip 107 circulates within the sealed confines of the
inflated rogion when the catheter is engaged for the procedure. The supply line 62, however,
can extend any length or distance juto the fip. The balloon-like tip may be composed of any
flexible or rigid roaterial including metallic, plastic, or ceramic compositions. Similarly, the
balloon-tike structure within the sheath may cause the ouvier sheath 61 {o inflate and def ‘ia
for cryogenic procedures. For example, and not limitation, crvogenic procedures performed
within a vessel may advamageously make use of an inflaable cryvogenic element 107 at the
distal end of the probe so that the outer sheath expands as the internal inflatable cryogenic
plement expands,

Yaza™N sy 3,

[OG116]  Alse depicied ju FIG, 1, the milatable tip 107 is a sealed within the distal portion
68 1o connection with Doth an individua!l supply line 62 and an individual return Hne 63, The
ernbodimnent of the distal end 110 is included in the length of the longitudinal tube and has 2
distal ip 68 which serves as the freezing rogion in connection with the fubular shafi 60 (only
a portion of which is tustrated bere in FHG. 11 (e, In the embodiment shown in FIG. 14,2
distal end 12% can be replaced with divtal end 110 A sealed interface 127 ensures that the

uflatable area can expand and contract in correspondence with the fill and removal of the

N
N
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cryogenic medium. The cryogenic medium in one embodiment in liguid airogen.  Any
cryogen may be uiitfized, however, to accommodate the demands of the systent and treatment

measures.  Further, the wflaable struchure, here, 2 metallic balloon tip, iy designed and

configured with matertals that conform 1o the use of liquid nitrogen, Without considering the
type of cryogen utilized, the inflateble tip may rupture or create undesired effects. For

ed o mee

_f..
R
o
73 5')
&)
O

exemplary purposes, snd not Hmitation, the tp of the present embodiment i3
the needs of a system and device utilizing bguid nifrogon.

[BO117]  Ancther axpect of the probe/systern in FYG, 11 is that the scaled interface 127 may
be a wall or connection component (not itlustrated) which scals the freczing region 68 of the
tip away from the whbular shafl 60 in a bht-tip probe.  The sealed interface allows a supply
fine 62 and a return line 63 1o access the freezing tip, the open ends 137 of which allow

cryogen te be dispersed within the sealed zone 68, In FiG, 11, the sealed zong 15 the balloon

tip, bot any size or shape of sealed zone may be utilized in difforent aspects of the present
mvention to create atmilar resufts, Tt should be noted that the upen-ended supply Hue in one
cmbodiment extends further into the sealed zone toward the distal end and bovond the open
end of the retwrn line. Any length of supply line or return line, however, may be utilized; the
lengths may be designed having equal lengths or different longths, as desired.

[00118]  FIG. 12 is another embodiment of the probe tipy/distal end 155 which iilustrates a
closed loop tip 118, The closed loop tp integrally commecis both supply fine 62 and retum

ling 63 to form a unitary structure for delivery and return of Hauid cryogen 1o the distal end in
oA A o

Y

the freezing region of the probe. o the vp, SCN prossure drops due to an ngreased volume

and outflow restriction, he

is absorbed (nucleate boiling) along the nner surface of the tip,
micro bubbles of nitrogen gas condense back into a Hquid, and the warmed SCN yeverts to
pressurized hguid nitrogen as it exats the retwrn fube and resupplies the dewar comfaining
atmospheric Haguwd nitrogen. Temperatures and pressures within the rensrn bBoe are
maintained by the systern o sllow for recovery of LNZ at near ambicnt pressure within the

dewar following stlization. The cryogen within the dewar is ai nominally ambient pressure
and at 8 temperature at about -196°C, or iv the vange of about ~180°C +/- 407C.

(00119 FIG. 13 ilusirates a cryoprobe 165 as a closed loop tip with a flaned he

exchanger 119 within the freezing zone or tip 68. The heat exchanger provides for a more

efficient heat entracuon from the iissue, thereby providing fasier cryotveatment and greater

ey

injury/freezing to the tissue site. The heat exchanger is also vtilized to cool the cryogen prior
to return (o the console, resulting in increased oryegen recovery. Other varialions in tp

design may be any size and dimension or fake the size or shape of known catheiers or probes

py



WO 2012/119088 PCT/US2012/027512

65 in the field, For exeroplary purposes and not lmitation, in cancer therapeutics, eryoprobes
o utilized to ablate the target tissue. In cardise applications, catheters or sargical proboes are
utilized i the cryosblation procedure. Further configurations of the cryoprobe as described
infra voay alse accommodate other stroctural varniations.
(001207 In anothor embodiment, the configuration of the tip is an cxpandable net (o
encircle the ice ball and capture any ice fragments that break away {(not illusirated). The net
would mamtain a static envivonment around the probe tip o facilitate fce formagon.
001217 As demonstrated o FIG. 14, the product for performing cryotherapeutic
procedures is Hlusirated as an elongated body 175, about six (o eight feet in length. A
counector H1H at 2 proximal end 121 allows the cryoprobe 1o be connected with a eryogenic
delivery system 200 (see FIG, §) The freezing region, or tip 138 §s position within the distal
end 128 with g flexibic tubular shaft 120 (also koown as an umbilical) positioned between the
ends. (Seme of the various embodiments of distal end 128 have been depicted 1n FIGS, 18-
13, embodiments of disial euds 100, 110, 135, 165 which can serve a8 replucements for the
distal end 128 within the elongated product 175, The body 175 comprises an outer sheath (as
ithustrated in FIGS, 6 and 7} with ope internal fube (supply tube) configured inaide the sheath
{0 deliver eryogen 1o the freeze zone at the {arget tissue site; 8 spacing between the centrally
positticned internal supply wibe and ouler wall of the tebuolar shaft 120 retms hawd ervogen
from the frecze zone, For exemplary purposes only, and pot limitation, the supply is contral
to the swrrounding coaxial retarn Hine. The eryogenic delivery and return lines, however, may
be configured in various wrapgements (.o, vies versa atrangement), The fines wmay also be
positioned adjacent one another. When in se and hooked to a cryogenic defivery system, the

<

product 175 simubtaneonsly produces an insulative vacuum throughoot the tubalar shaft [20.

Ao deal insulative barrier 8 formed by a {empeoratare initiated transient vacuum in
combination with an enhanced nucleation deposition process along the outer surface of the
internal tubes (discussed infra). The vucleation sites are therefore capable of selective
placement anywhere throughout the prodect. Additionally, an oexternal «ctive vacuum may be
used 1 conjunction with the fransiont vacuum or 83 a stand-alone feature. Cryogenic catheter
or probe insulation may also be achieved through an actively drawn or permanently drawn
VACHUNL.

(001227 In one embodiment, the distal end 128 15 a needic-hile probe end.  In another
embodiment, the distal end 128 wkes the form of a blonm-tip probe endd. The distal portion
128 may be integral with the twbular shaft or be removably placed in connection therewith.

The mterconnections of proximal connector, tubunlar shafl, and distal probe ends thus

nND
e
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deterniines whether or not the individual parts, alonc or in combination, may be reused, or
disposed of.  Further, the length of the distal end 28 may vary according to treatment
procedure and may be any size, shape and dimension to correspond to the tissue treated.

[00123]  As shown ju FIG. 18, one embodiment of the cryoablation device takes the form
of a surgical cardiac cryoprobe 300, Operating the cryoablation device as a surgical cardiac

cryoprobe 3040 utilizes supercritical nitrogen (SUNY. high pressare lguid nitrogen with a

o

pressure of abous 1000 psi and temperature range of about -210°C to abour -100°C, as
provided by the cryovablation console (shown in FIG. 53). The high pressure SCN i3 passed
through t0 2 micro-lumen suppiy tube 3031 into a boiling chamber, or probe tp 302 {(See FILG,
15A)  The SCN supercools the target fissue by extracting hout from the tisyue al a rate
consistently greater than any cryodevice currenily nsed in the art. At the tp, the prassurs
varize from about O psi to 1000 psi depending on the operational state. Freezing specifically
occurs al probe tp 302 that has a noo-insulated outer casing 303 which provides a heat
exchanging surface. The joining tabe 304 (see magnified view in FIG, 18A) separates the
probe tip 302 from the insulated tube portion 305, The joining tube 304 is a plasticized
material, but any joining component may be wtilized including solder ur adhesive. The SCN
is evaporated by incoming heat from surrounding tissue and then retirned fo the console by
way of a micro-lumen retum fube 306, Both supply tube 301 and retumn tube 306 are boused
in 2 coaxial fashion within an outer sheath 3807, In another aspect, however, the twbing,
supply and return tubes, may be positioned side-byy-side in a parallel confipuration.

(001247 As shown in FIG, 184, the flow path through the supply wbe (% =)
demonstraies the movement of SON toward the distsl tip 302, The return arrows nearest the
outer casing 302 Hhustrate the nitrogen retuming on an external coaxial path away from the
distal tip. The anmdus 308 betweoen return tabe 306 and the outer sheath 307 s maintained
wider vacuwm 1o minupize wiwanted heat along the fluid paths. The tubing is termumated and
interfaced with itbe console (not depicied here) using o high pressure oryogenic coaxial
connector 320, The connector may oxiend and contract in a telescoping fashion o provide 4
sceure fexible or rigid leak-proof connection.

[00125]  initially, sip prossure ranges from abont 800 psl 1o sbout 1200 psi, and achieve
temperatures of less than about -150°C within 20 seconds. When the cryogen is cullected
within the dewar following return, the final pressure Is near or at ambient pressure and the
temperature of the cryogen bath s nominally af about - 196°C

{O0126]  In addition, the surgical cardiac probe 300 is cutfisied with a probe handle 310 ata

car
tubing interface 311, The interfuce 311 may be flexible or nigid; current design utilizes a
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brass or metal material with hose barbs to prevent the connection from sliding away from the
tubing.  Any materizl conducive 1o cryo-applications, including plastic or rubberized
components, however, may be apphicable. In ose embodimens, the plastic probe handle 310
houses an electromechanical assembly, or frigger 312, for the user’s ramote control of the
cryoablation {(e.g physician triggered ON/OFF condrol).  An electronic display provides
information regarding the deviee and procedure.  For instance, the probe temperature is
captured by a T-type thermocouple locaied on the supply or return wbes, Plugs provide the
clectrical probe/console interface for the remote ON/OFFE trigger and the iemperature
measurement.  In another aspect, an individual phig or multiple plugs mway be atitized. The
phugs, or clecineal and signal conncelors, allow for fransmission of signals, data, information
to and from the probes 0 a console computer,
001277 In one embodiment of the smooth probe tip, anpealed siainless steel tubing 18
utilized with an end cap.  In another embodiment, the corrugated probe tip 18 annealed

1.

stafnlesy steel tubing with 4 needle-ore cap. The cormposition of the tip and tubes, however,
can include # variety of motal or plastic materials, as may be compatible with the operational
temperatures of the device. A joining tube of similar composition interconnects the
components. The probe shaft is about 2 inches to 48 inches in length, and the outer-shell
adaptor is abour 2 foet to 10 feet, as dependent on the epicardial or endocardial procodures
and device application.  Aspects of the dimensions may bo varied, as well as s xhapz and
co;zﬁguratiam to attain the product that complements the corresponding medical proced
andd/or the particular target tissue.

[00128%  In one aspect, the supply wbe 301 is polvimide material sleeved with stainless
steel tubing. The supply tube nanitold has a sealed distal end, with intermittent holes 315
staggered throughout the probe tp 302 length for even distribution of ice formation along the
outer surface 303 of the g;a;‘ob-eo The number of holes, including the size and dimengion of the
foles, may vary depending on the desired length and width of the freeze zone. In one
embodiment, e approximated bole inner dimensions of 2.012 - 0.0032 inches was wtilized.
Any hole size or spacing betweaen holes may be designed, bowever, 10 create the dosired

Ao

effocts. The holes 315 create a uniform freezing zone as specified for particular procedures.

For exeraplary purposes only, and not lotation, upiform freezing along a continucus line
path way be desirable to croate transmural continaous lesions across a cardiac surface (Jn the
trentment of atrial fibnilation). Hole size, nursber, and spacing may vary based ovn probe

design and ablation site, including the size ablated and tissue type.

30
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(001297 Further, the return tube 306 may be flexibie twbisg extending up to about 10 fest
in length, Again, various sizes and dimensions of the return tube may be wtilized according
to pardeular desirable embodimonts,  In one aspoet. the return tube exiension is also
polvimmide mbing with an outer-shell of polyurethane fiber braided tubing encapsulates the
internal supply and return tubes info an integral Structure, and having a rated burst pressure of
about 2000 pei or greater.  As burst pressure varies based on materiale otilized, the
corresponding materials chosen will be capable of withstanding the pressure demanded and
utitized by the crvogenic systen.

(001301 Another embodiment of a crycinsiromenmt 400 is depicted in FIG, $6. The
cryomnsrament 400 Hustrated heve 18 a eryocathoter 400 having a supply cryoline 401 and 2
return cryoiimé 406 coaxially arravged such that the verurn crvoling 406 surrownds the supply
crvoline 401, The floxible catheter 407 utilizes a SCN supercooling system to rapidly cool
the distal tip 404 by pushing high pressure SCN through from the proximal end 405 1o the

distal end 404 of the catheler 402, The interal components accornmodate SCN as in the

(081311 The cryccatheter handle 410 allows the user, tvpically a physician, o easily
coptrol the movement of the catheler 407, manually posifioning the distal tip 404 or remotely
actuating the distal up 404 movement. In one embodunent, a wlescoping catheter 402 can be

utilized in order to position the distal tip 404 more accurately. In one aspeet, the telescoping

» el

feature 15 integral 1o the catheter 402, In another aspect, the tolescoping feature is a separaie

o)

component that attaches 10 the catheter at an imerface with the orvolines for sccure
attachment. Such a telescoping oxtension oxiends and retracts as desired before, during or
after activation of the freezing protocol. The feature provides precision and control of the

voay well as versatility w size, longth, and scope of use,

For exemplary purposes only, arul not mitaton, the telescoping feature is utilized
here in a catheter-based systomn, The feature, however, can be utilized in a rigid or flexible
probe or needle tip, or i combination of flexible and rigid components. In one aspect, the
clescoping feature is a thaw roechanism which penstrates ot encorppasses the frecze zone
following treatmnent protocel.  Other aspects of telescoping or protrusion-iike features raay
accentuate flexible conncctions or rigid extensions to control fluid-flow, movenent, and
aecurate positioning of the cryoinstrurment.

(001331 As with apy component of the prescent system, the paris apd components are
manufactured with materials copducive 1o stenilization in the medical setting, and

manufactured W withstand extreme tomperatures or pressures.  In some embodiments, the
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parts and compopents of the sysiem have been integrally connected.  The paris and
comections, however, are removable and may be manufactured o be disposable parts,
wciuding the probe, needle, and catheter itself,

(001347 The invention facilitates othor improvements n cryotherapy, and medical devices
or components associated with the treatment. The medical device of the Invention allows for
the circulation (cooling, delivery, and return)y of supercriiical cryogen to a ervoprebe for the
freczing of targeted tissuve. The mvention Tacilitates the eradication of dssue and caxn thereby
decregse hospitalization time; further advantages reduce postoperative morbidities, shorten
return to daly functions and work, and fwther lessen the overall treatment cost. These
maprovements to device design and application can also inerease ptilization of the device for
the treatment of roultiple disease states.

4oy

(001351 The device of the invention represcmts an appyoach in the developmont

cryosurgical deviees by allowing for temperanwre induced fransiont vacuum insulation along

the shaft of a cryoprobe or catheter; including inselating the shaft of a cryoprobe or catheter

and delivery of

crvogen in fargeted therapy.  Furthermiore, the device has been
developed to couple the temperature iniliated vacuum with that of a sarface modification

along the woer tubes fo ooable cohanced nucleation and deposition of the satursted gas on the

surface of the mner tubes and oreate ap additional layer of insulation. In one aspect, the
device of the invention allows for the enhanced deposition on the outer surface of the inner
tubes through modific of the tube surface, thorehy creating an additional insulation

barrier.,  fo anodber aspect, the saturated gas Blled lumen of the outer tube at ambiom
temnperature may be either elevated or at atmospheric pressure.

[60136]  The embodiments of the prosent invention may be modified to take the size and
shape of any device, confainer, apparatus, or vessel currently used i indostry, As disclosed
herein, the eryeinstrument, probe or catheter, n the invention may also be of any size, shape,
or dimension. The cryoinstrument may be single use disposable or a mulii-use/reusable part
{and capable of being sterilized betwean tndividual pationt treatrents). Tn one embodiment,
the longitudinel twbular conncctions, comprising supply and return Hnes, extend up 1o about
6-8 feet or more. Aay length, however, may be utilized as designed for particular therapics
and treaiments.  For instance, lengih can also be achieved By using ome or more
juterconnecting segmewts.  Dimensions less than 12 inches, however, may also be beter
suited where attached tubing, removable, detachable, or disposable partys are integrated in the
design.  Specifically, cylindrical or alternative structural designs may be utilized in the

eryogenic systern for improved catheter/probe access to a tissue largef.  Fuorther, any

)
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rearrangeraent of the tubes/Hnes in combination with the componenss of the above system
may take many forms and be of any size, shape, or passageway.

iy 171 ‘ e the 11 devies 5 PyFeRe 3 rarious methods in the
001377 In utilizing the medical device of the present nvention, various methods in the

industry may be cmploved in accordance with accepted oryogonic applications.  As

discussed, the embodiments of the present mvention are for exeraplary purposes only and not

imitation.  Advantagecusly, this device represents an important step in targeted thermal
fd > i
therapies. Various cryosurgical devices and procedures 10 apply freezing temperatures to 4

target tissue may be employed for use with the medical dovice of the present invention. The
medical system disclosed herein has been developed to enuble and improve some of the
approachos used to arget or ablate fissuc,  Furthermsore, the medical device can couple

coptrolied pumping of o liguid cryogen through a baffled Hnear heat oxcha

the overall ternperature of the cryogen providing a greater heat capaci
thereby resulting 1 an increased cooling potential in a cryoprobe,
[GO1381 In one embodiment of the system, the mechanical and electrical mechamisms of
the operational device are contained within a console, s shell or enclosure that aliows the
system to be easily transported. The enclosure may then mclude any mobiie feature such as
wheels, handles, and fixtores (or allow placement onio a cart baving these feutures) so that
the system can be travsported 10 and from the Tocation of treatment. Such mobility allows the
systern to be easily moved fo and from an operating room ov site of therapewtic treatment. ¥t
is also noted that the system is readily separable from the cryopen fill tanks and Hil Hnes that
initially supply the systors with the liguid nitrogen or other such crvogende fluid at the supply
port 29 (As shown in FIG. 13 This improved feature eliminates the bulkiness of standard
cryogenic medical devices
[0013%]  As stated prior, the sysicm yoay be operated while i is in direct conmection to the
bulk crvogen supply, or as deemed obvious by cutrent supply systers in the art,
(001401 As presented, the multiple ciobodiments of the prosent mvention offer several
wnprovements over standard medical devices currently uwsed in oryogenic industry.  The

.

waproved cryvogenic medical systomn yemnarkably enhances e wiilization for the cooling,

delivery and return of a liguid cryogen to g cryoprobe or cryocatheter for the fre
targeted tissue. The invention provides cost savings and significantly reduced treatment
fimes which furthor reduce expendifures in the healthcare setting. The previously unforeseen
benefits bave been realized and convoniently offer advantages for the treavment of multiple
disease states. In addition, the wmprovements enable construction of the device as designed (o

enable easy handling, storage, and accessibility
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{00141 As cxemplified, the device may include any vuitary structore, vessel, device or
flask with the capacity io nfegrally incorporate any combination of such swuciures. The
invention befng thuy described, #t would be obvious that the same may be varied in many
ways by one of ordinary skill in the art having had the benefit of the present disclosure. Such
variations are not regarded as a departure from the spirit and scope of the invention, and suc
modifications as would be cbvious (o one skilled in the art are intended to be inchuded within
the scope of the following clairos and their legal cquivalents.

(001427 in addressing the treatment of cardiac arrhythmias, various studies have been
condducted to treat cardize tissue in mammals. Particularly, studies have been conducied on
canines to verify and confivm the novelty ot the present fovention.

(001437 Prior to an epicardial procedure, the probes are selected — one corrugated tip

crvoprobe and one smooth i cryoprobe o be placed 2t the target tissue site. The probes are

'3

sterifized and withstand various sterilization fomperatures and treatments,

001447 For exemplary poeposes only, and not Hohation, the following study  was
{ ! f : g \

N )
cl

conducted based on current freezes used in medical procedures, freezes performed on each

\

heart for 60 sec, 90 sec, or 120 sec depending on their location. As noled by the surgeon, and
indicated by external thermocouples, cach freeze created transmural oryolesions that could be
visualized aftor freezing for about 15 1o 30 sceonds, A crvoclamp was integrated with a
contering piece to support the a"j,-'e:}pxxﬂtw:, The corrugated cryoprobe was inserted through the
entive clamp and successfully placed at the desired epicardial loeations. The annealed smooth
tip of the cryoprobe was pre-shaped priov to 4 90° angle using 2 maoual tube bender. The
bent tip was thon inscricd through an opening af the clamp jaw site and shaped by hand to
maich the profile of the jaws. Although the smooth tp was less flexible (annealed tubing
versus corrugated anncaled tubing), the crvoprobe was able to be placed as specified in the
protocel,  The smooth tp oryoprobe inserts 1wote the endocardial space more easily
compared to the corrugated-tip probe due 1o the tip surface configuration,

1601457 Performance comparisons betweaen the cormgated and smooth tip  probe
configurations  weve conducted with miormal and  oxternal  temperature  monitoring
demonsirating similar freeze performance. In the ventricle freeze model, the smooth tip
apprears 10 creaie a more defined and precise linear frecze lesion (less lateral spread with

damage wore focused near the probe).

P

(001467 Tnterconnecting parts presents additional challonges.  In owve embodimens, a
cryogenic coaxial connector design proved successful with no Jeaks occurring at the probe or

console mterfaces. The clastic and/or flexible nature of the bose assembly and/tubing can be
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miegrated with the vartous connected parts and nterconnections,  For exemplary purposes,
and not limitation, the cryoablation sy s placement i reference to the sterile surgical

eld will determine the scgmentation of inferconnecting parts and components {e.g. wubilical
tubing ranging from about 6 foet to B feer in length, more or less depending on positioning
and location of the ablation site).

o

(11477 All freezes were itiated with a pressure above 1000 psi, a single freeze bein

It

oG

conducted per charge of the intermal pressurization chamber (Note: “Charge™ here i3 imiended

to refor to the fll and pressurization of the cryogen in the pressurization chamber)
Antomated and electronic computer controls can assist in achieving a desired {ill cycle.
(001487 imgediately following the 61 ovele, vent valves were closed, the proessare valve
openad, and the jvterval pressurization heaters were activated, Abhough prossurization times
varied, the system was pressurized to 1000 psd within 150 seconds for all runs.  The
pressurization cyvele was accelerated by closing the prossurs valve upon completion of the

freeze cvele maintaining the vosidual pressase in the pressure cylinder following each run (at

about 500 psi). Heating of the pressure cylinder maintains the tomperature at about 25 -
35°C 1o further aid the pressurization cyele, keeping SUN pressures between about SO0 pst to
about 1000 pst for greater efficiency, The pressure around about 100 pai sway fluctuate
shightly 1o treat target tissue sites within aboot 15 seconds o about 120 seconds {about 2
mimite timeframes for treatment).

{01491 Upon placement of the cryvoprobe, the injoction valve was activated {opened) io
commence orvogen fow.  The oryoprobes” internal thermocouples showed a rapid and
precipitous drop it temperature 1o around -170°C In less than 5 see regardiess of the probe tip
{smooth or corrugated) utilized and despite the loces of the freeze site {e.g. in the clamp, on
the surface, or endocardially through a purse string sutare). In one aspect, a narrower freeze
zone may be achioved by utilizing 2 smwoth p prebe. The narrower frecze zone creates

defined lesion sites, including linear lesions, and further prevents collateral damage. Current

.

tinear lesions can be created i the range of about 2cm — Som or greate

(001507 Accovdingly, the benefity of utilizing hiquid nitrogen, specifically SCM, surpass
the reduced pressure systenis in oporation odw {e.g. nilrous oxide and argon based systems).
The heat extraction by SCN exceeds that of the other devices, allowing for quicker treatment
procedures and overall reduced teaument twmes. Furthor, the interconnecied instruments can
be miniatarized and adivsted 0 accommaodate various redical procedures.

(01511 After freezing for the desired time, the injection valve was closed, stopping the

eryogen flow, and warm saline was uiilized to rapidly thaw the probe.  Tmmediately
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following the closure of the mjection valve {cnd of froeze), the pressurization heaters were
turned off, the pressure valve closed, and the high pressure vent valve opened. When the
sysiem I8 retwned to etmospheric pressore (a rolative pressure of O pai), the device s again
ready o repeat the process.  In another embodiment, the probes are rapully thawed by
activation of the integrated thaw cycie feature of the device,

[B01521  The connector may include a threaded turn valve, snap or twist guick connect, %
i snap-It vajve, a spap-fit seal, or odher types of conncctors that  integrate the internal
components of the probe with that of the crycassembly. Such a componcnt has intemal and
externzl mating features {o provide a leak-proof seal.

r00153]

i
i
4

-~

For exemplary purpeses, and not lmitation, the 2 min endocardial froeres
recorded a temperature of -100 °C o the exterior surface of the atrium within 60 seconds.
Mo detrimental cffects o the animal or o the tissue were observed o his “overfreere”

scenario deapite freeze durations at least double what were utibized to ablaie the tissue In

safoty terms, this evidenee realizes the safety design of the crvoengine.

(661547 Furthermore, i other embodiments of the systens, the thermal performance of the
probes wag as expected. Average return flow lemperatares of -170.3 = 2.87C were recarded.
A noticeable difference between the average fank pressure decay for the smooth ip versus
corrugated tip probe was observed.  No apparent performance differcnces, however, were

noted when comparing smooth versus corrugated tp probes.

Fadocardisl Procedurs

(001551 in one embodunent, a canine model was wiilized for an endocardial catheter
cryoablation of the right atna via the inferior vena cava. The catheter, however, may be
introduced via any blood vessel leading to the heart, After sedation and proper venous lines
i place, the femoral veins and jugular voing were canmulised 1o pormit zocess for catheters; a
femoral artory aceess was also implemented to determine if any deviations in hemodynamic
values occur during the procedure. Through the percutansous accesses, maltipolar reference

catheters were placed at cach of the following loct: 1) in the coronary sinus, 2) af the v

wht

atrial free wall, 3) at the His bundle, 4) at the cavo-tricuspid isthmus, and 5} for 3D mapping

of the right atriun with a visualization system such as fluoroscopic visualization guidance

(001567  Conduction was fested, clockwise and counterclockwise, in the cavo-tricuspid

isthmus. Application of eryothermal energy was applied to cach of these areas.

i

e
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{00157 While pacing the covonary sinus, cryothermal energy was applied.  An isthmus
block was achieved {to generate a cavo-tricuspid isthimic block) with a single application by
titrating the cryothermal encrgy to progressively lower femperaiares during pacing.  After

nerforming the bidivectional block, the pacing site switches 10 the distal clectrode of the

o

catheter to the right atrial free wall 1o re-assess conduction via the cavo-wicuspid fsthmus
while pacing at the same cycle length, A visualization sysiem was then atilized to map the
tight afrium post ablation. A trans-septsl puncture was performed by inscriing # needle
through 2 sheath to perforate the septum between the right and left atrium pormitting the
entry of the cryoablation catheter fo the left alrium.  Ablations were then performed in the

lefl atrium 10 achicve a block using g tivpe and specified power protocol.

Entcardial Procedure

[00158] A protecol fur one embodiment of the epicardial procedure iy as follows:
{01597 The purpose of this sudy is to evahiate new cryo-ablation wechnologies asing #
standard 10 cm cryoprobe as a control, This small sample smd}f svaluates general safety and
effectiveness o achieve transyoural lesions in s beating heart canine model at sin target
Jocations. A coryoclamp 8 ased in combination with the pz“f)bm to ereate lestons at e teft
atrial appendage (LAAY, right atrial appendage (RAA), Right Pulmonary Veins (RPV), and
Left Pulmonary Veins (LPV)  The probes are used alone to create two right ventricular
epicardial lesions and one right atrial endocardial lesion. The cryoprobe freezes the target
tissue and blocks the electrical conduction pathway, A cryonlamp is used to encircle the
pulmonary veins and frecze the tissne to block the electrical conduction pathway. Used
alone, the cryoprobe creates linear lesinns.
001601 In an embodiment of the present invention, one probe uses a corrugated bellow
segrpont 1n the divtal tip, Another embodiment utilizes a probe with a flexible 10cm long,
3. 2o diameter, ablation scgment. At fimes of 90 and 120 seconds, respectively, and after
complete viseal transmural froots, oppostie-side tissue temperatures are recorded for the airal
sppendages and {}aﬁn‘m;‘mry veins, respectively,  Right venmicular epicardial Josion depth
(histeiogical assessroent after 7-10 days) 18 achieved with 60 and 120 sccond freeze duration
{more often, however, the freeze achieves its expecicd treatment performance in the range of
>~ 30 seconds). The same 18 recorded {or a right atrial endocardial legion. An overview of

the test protocol for the current technology s presented in Table 1.
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Table I: Lesions and Ablation Duration,

[O01611  In one aspeci of epicardial ablation, a median sternotomy is first performed. A
chost retractor 16 placed n this space and opencd o expose the organs and vessels of the
thoracic cavity,  The left internal mammary arfenty for arterial pressure montioring s
cannmulated. The pericardium is opened to create a pericardial oradle. Circumferentially, the
right and e ft pulmonary veins are divided out.

(001621 Duoring the ablation procedure prosenied, a cryoprobe in combination with :

cryoclamp is utilized to ablate the atrial appendages and pulmonary veins according to the

durations listed i Table 1. Temperatures of each are measured using the
3 2

(¢

thermocouples attached to the opposite tissue surface. The time to complete visual frost and
the opposite side fissue feraperature for each lesion were vecorded. Then, the probe was
utilized independently to create 2 linear right ventricular epicardial lesions, as well as { right
airial endocardial losion using a pursc-string access (as per Table 1),

[001637  Following ablation, the probe was thawed with warm saline solution and vomoved.
The pericardium was loosely reapproximated as well as the sternum, followed by closing the
muscle and skin via sotures.

001641 A number of unplemeniavons bave been described.  Weverthelogs,

%

i owill be
understood that various modifications may be made without departing from the spiit and
scope of this document. In particular, for example, cryogenic systems and probes/catheters

re described as eroploying SCN as the crvogen, but non-eritical Byuid nitrogen may also be

(]
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utilized, or other cryogens (as may be integrated in a modified desion).  Moreover,

Y

cryuprobes and cryocatheters can be employed to deliver targeted cryotherapy 1o r

patient’s body other fhan the patient’s heart (inclading, for example, 8 patient’s prostate
gland, or other glands; a portion of the pationt’s gastro-intesting! wract: a small (C.g. varicose)
vein; or other suitabic imternal treatroent sites and tissues), Multiple cooling and thermally
insulating regions can be provided, and the regions can be formed in various shapes and
sizes. Accordingly, other implementations are within the scope of the following claims,

[00165]  Furthor, the studics described wtitize & single cryoprobe or catheter. The use of
multiple cryoprobes and catheters |, alone or in combination, or simultaneously, can facilitate
the performance of bybrid or dual epicardial and endocardial ablation procedares. The

cryoablation process utilizing the varous descubed techoo

1es can be performed utiliz

cardiac bypass ot in off bypass beating hearts (as in the above described protocols). The
ability {0 perform the procedure off bypass offers wemendous novelty o the cryodevice since
no current cryoabaltion technology can achieve the effective ablation in the timeframe of less
than about three minutes (3 minutes per lesion in g beating heart). In addition, the ablation
process can be achisved via open sternctomy procedures, minimally invasive thoroscopic
procedures, percutancously or dwough vascular accesa.  Further, the cryoablation procedure
can also be performed in combination with other ablation or surgical treatmevnt modalitics,

including radiofrequency, HiFu, laser or surgical incision among others reprosenting various

approaches to the above referenced hybrid procedure.
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What is claimed Is:

1. A cryoengine for a cryogenic medical system, said cryoengine comprising:

a dewar that can be filled with liquid cryogen to create a cryogen reservoir;

a pressurization system having a first vessel positioned in the dewar and and being
fluidly connected by a line having a control valve to a second vesse! positioned outside the
dewar, wherein a heater is arranged internal fo the first vessal:

a fill valve;

a cryogenic flow actuator positioned in the dewar, wherein activation of the cryogenic
flow actuator creates a flow of liquid cryogen from the cryogen reservoir, through the fill vaive,
into the first vessel;

a vent valve connected fo the first vessel; and

one or more cryolines for connecting the cryoengine to one or more cryoinstruments and
supplying cryogen o the one or more cryoinsiruments;
wherein the first vessel includes a thermocouple that protrudes through the first vessel to
measure a liguid cryogen level in the first vessel.

2. A cryogenic_: medical system comprising:
the cryoengine of claim 1; and

one or more cryoinstruments.

3. A method of generating supercritical nitrogen comprising the steps of:

a. providing the cryoengine of claim 1;

b. filling the dewar of the cryoengine with liquid nitrogen to create a cryogen reservoir,
the first vessel being positioned in the cryogen reservoir;

c. activating the cryogenic flow actuator to fill the first vessel with liquid nitrogen and
opening the vent valve connected to the first vessel to allow veniing of vapor while filling;

d. following filling, closing the vent valve and opening the control vaive between the first
vessel and the second vessel fo create a continuous pressurization system comprising
approximately equal volumes of fiquid nitrogen and nitrogen vapor; and
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e. activating the heater in the first vessel to create a boiling microenvironment in the
liquid nitrogen in the first vessel, the first vessel being positioned in the cryogen reservoir,
thereby increasing pressure within the pressurization system fo create supercritical nitrogen.

4 The method of claim 3, wherein the first vessel has a first temperature and the second
vessel is positioned outside the cryogen reservoir and has a second femperature greater than

the first temperature.

5. The method of claim 3, wherein the one or more one cryolines are immersed in the
cryogen reservolr,

6. The method of claim 3, further comprising the step of allowing flow of supercritical
nitrogen from the pressurization system, through the one or more cryolines, to the one or more
cryoinstruments.

7. The method of claim 3, wherein the pressurization system is pressurized to a pressure of
about 1,000 psi or greater.

8. The method of claim 3, wherein affer the pressurization system is pressurized to a
pressure of about 1,000 psi or greater, the method further comprises the step of allowing flow of
supercritical nitrogen from the pressurization system, through the one or more cryolines, to the
one or more cryoinstruments.
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