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What is claimed is:

I. A cryogenic medical system for use in patient treatment procedures, said cryo

systers comyprising:

therein, at least one port, one or more control valves, a first vessel and A second vessel
interconnected, whergin said first vessel is submersed in saild cryogén and has g first
temperature and said second vessel is positioned outside said cryvogen and has 2 second
temperature greater than said fivst temperature; at least a first affachment connecting said
flow generator to said port of said pressurization system, dnd one or more cryolines
connected to said poft; and

one or more cryoinstruments comprising one oy/more tubular structures arranged
therein, said cryoinstruments each having a proximal edd which connecis with said cryolines

of said cryoengine and a distal end positioned at a trfatment site;

wherein said pressurization system produces ghpercritical cryogen, pressurized cryogen, or

one or more pseudo-fluids, alone or in combination.

2. The cryogenie medical systeny/of Claim 1, wherein said cryolines comprise at feast a

supply tubing connecting said ¢fyoengine to said cryoinstrurnent and supplying said

supercritical cryogen to said op€ or more tubular structures; and at least a return tubing to

-,

comprise atf least a #rst tubing and a second tobing are positioned in & coaxial or side-by-side

configuration.

4, The/cryogenic medical system of Claim 3, wherein said first tubing and second tubing

are posiffoned with a flexible tubular shaft.

The cryogenic medical system of Claim 1, wherein said pressurization sysiem

rovides continuous flow of said supercritical cryogen.
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6. The cryogenic medical system of Claim 1, wherein said treatment site is a mammalian

cardiac tissue.

7. The cryogenic medical systemn of Claim 1, wherein said ervoinstrurnest
epicardial cryogenic probe or an endocardial cryogenic catheter.

5. The cryvogenic medical systern of Clatrn 6, wherein said wammaljdn cardiac tissue

freeres within about 10 seconds to about 180 seconds.

9. The cryogenic medical system of Claim 1, wherein said tredtment site freezes by way

of formation of an iceball in a diameter of about 2 mm to 30 muyf or greater with a length of |
»

mm to 130 mm or greater and within about 10 seconds to 18(/seconds.

1. The cryogenic medical system of Claim 9, firther comprising e plurality of said

treatment sites.

11, The cryogenic medical system of Clgm 9, wherein said cryoinstrument is released
from said trestment site by a fhawing mechanism used in combination with said
cryoinstrument,

12.  The cryogenic medical system of Claim 11, wherein said thawing mechanism is
integral to said cryoinstrument /Aaid thawing mechanism capable of extending and retracting.
13. The cryogenic medical system of Claim 1, further comprising one or more connectors
that interconnect saul/ cryvolines of said orvoengine and said twbular structures of sald

cryoinstruments.

14, The ¢ryogenic medical sysiem of Claim I3, wherein said one or more conmectors
reversibly gitach with and detach from said cryoengine or said cryoinstruments.
The cryogenic medical systerm of Claim 13, wherein said one or more connectors have

iClescoping feature, snap-on, twist-on or gquick-connect feature providing casy attachment.
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16.  The cryogenic medical system of Claim 15, wherein said telescoping feature extends
and retracts to flexibly position said cryolines and said tubular structares,

V7. The eryogenic medical system of Claim 1, wherein said cryoinstrument comfirises a
handle which maneuvers said distal end 1o said trestment site.

18, The cryogenic medical systern of Claimo 17, wherein said handle ¢Omprises one or
more displays which monitor sensors and communicate information fof operation of said
cryaengine and said cryoprobes.

19, The cryogenic medical system of Claim 1, wherein said/cryoinstrument comprises a

N

telescoping feature which extends and retracts during a treatnyént procedure.
20.  The cryogenic medical system of Claim A, wherein said supply tubing is
interconnected with said return tubing to form an fitegral eryotube and provide controlled
rapid delivery of said supercritical cryogen to and/from said distal end of said cryoinstrument.

21 The cryogenic medical system of Ciaim 20, wherein said integral cryotube is flexible.

22 The eryopedde madical systesh of Claim 1, wherein said cryoengine is a multi-port
system wherein one or more of s 7d pressurization systems include one or more manifolds to
perform multiple treatment progedures.

23, The cryogemic meflical system of Claim 22, wherein said pressurization systems and
said manifolds are copfiigured to perform said multiple treatment procedures simultancously
or sequentially.
24, The gfyogenic medical system of Claim 23, wherein said multiple treatment
procedurey/include one or more epicardial treatments, one or more endocardial treatments,
individyélly or in any combination thereof,

4

The cryogenic medical system of Claim 1, wherein said cryoinstruments include a

g

component that attach to said treatment site, wherein said treatment site is a mammalian

cardiac tissus,

A
)
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26.  The cryogenic medical system of Claim 1, further comprising a monitoring system fpf

visualizing placement of said distal end of said cryoinstrument through to said treatment gite.

27.  The cryogenic medical systern of Claim 26, wherein said monitoring Aystem is

internal to-said cryoinstrument and includes fiber optic visnalization.

28,  The cryogenic medical system of Claim 1, wherein said cpfoengine and said
cryoinstrument comprise sensors {0 monitor conditions including femperature, pressure,
leakage, flow rate, cardiac electrical activity, freeze zone formagfion, computer simulated

cryomstrument configuration, and placement of said cryoinstrumfnt,
»

29.  The cryogenic medical system of Claim 1, wierein said cryoengine and said

cryoinstrument has remote controls.

30.  The cryogenic medical system of Claim/29, wherein said remote controls regulate
freatment protocols, including treatment timgd, iceball formation, probe placement, probe

&)

angle, probe deflection, temperature and prossure.

o
-
vt

31.  The cryogenic medical systend of Claim 29, further comprising & warming feature {o
maintain a determined size of said iceball formation, control treatment times, and allow for

probe detachment, tissue thawidy, and heating,

32, The cryogenic mfdical system of Claim |, wherein said cryoinstroment creates a

transmural Hineas lesiod.

cryvoling/to form a unitary tubular structore which circulates a cryogenic medium to and from
said ¢gne or more cryoinstruments;
a container having a cryvogenic medium contained therein;

a heat exchanger surrounded by a subcooling chamber;
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at least one pressurized apparatus having one or more heaters arranged therein, at legst
one port, and one or more control valves, wherein at least a first portion of said pressurizgd
apparatus is inside said cryogenic medinm and at least a second portion of said pressy fred
apparatus 1s outside said cryogenic mediuny

a flow generator which delivers: said cryvogenic medium to said poft of said
pressurized apparatus, said control valves releasing said cryogenic medium in £ supereritical
state from said port to said heat exchanger, and through to said one or mory/cryoinstruments
at a target site of cardiac tissue.

34.  The cryo-apparatus of Claim 33, wherein said cryogenic medium 18 Hguid nitrogen.

N

35. A method of performing cryotherapy on cardiac tis

oo

e using said cryogenic medical

system of ¢claim {1, comprising:

filling said pressurized system with said cryo
activating said pressurized svstem to form 4 pressurized supercritical cryogen,; and
directing said pressurized cryogen through one or more supply lines to said
cryoinstruments and from said crycinstruments through said one or more return lines.
36, The method of Claim 35, Avherein said step of directing includes a step of
cryoablating said cardiac tissue.
37. The wmethod of laim 36, wherein said  cryoinstruments utilize flexible
interconmections to provige epicardial treatment upon a surface of a mammalian heart or to
provide endocardial troftment by way of vessel access or cavity access through to an interior

surface of the heart,

38.  The method of Claim 36, wherein said step of cryoablating said cryoinstruments create
transmural fesions.

39. /The method of Claim 37, further comprising a step of utilimng hybrid ablation
prgcedures, simultaneously or in tanden, to ablate tissue in any region of said mammmalian
yeart or within vasculature in 2 mammalian body, alone or in combination with said

epicardial treatments and said endocardial treatments.
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40. The method of Claim 39, wherein said hybrid ablation procedures cor
cryoablation in combination with surgical intervention or one or more ablative energyAources

including radiofrequency, HiFy, and laser therapy.,




What is claimed is:

1. Acryoengine 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 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 vaive,
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 cryoinstruments and
supplying cryogen fo the one or more cryoinstruments;
wherein the first vessel includes a thermocouple that protrudes through the first vessel to

measure a liquid 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;

¢. 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 venting of vapor while filling;

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

approximately equal volumes of liquid nitrogen and nitrogen vapor; and

40




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 to 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 temperature greater than

the first temperature.

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

cryogen reservoir.

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 after 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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