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(57) ABSTRACT 

A system for selectively cooling and Warming a cryosurgical 
instrument using a dual phase cryogen, including: tWo 
sources of the cryogen, a ?rst source storing liquid phase 
cryogen and having a ?rst source heater therein that selec 
tively converts at least some of the liquid phase cryogen into 
gaseous phase cryogen and a second source storing the gas 
eous phase cryogen; a cryogen delivery control section selec 
tively delivering cryogen to the tip; a cryogen return path 
from the tip to the ?rst and second sources; a cryogen return 
control section that includes a pump that pumps the returning 
cryogen to the second source; and a pressure control section 
including a ?rst pressure sensor that senses a pressure in the 
?rst source, a second pressure sensor that senses a pressure in 
the second source, and a pressure regulator that regulates the 
pressure of the ?rst source based on information from the 
pressure sensors. 
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CLOSED LOOP CRYOSURGICAL PRESSURE 
AND FLOW REGULATED SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. provi 
sional patent application No. 61/353,375, ?led Jun. 10, 2010, 
the disclosure of Which is incorporated by reference. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] Embodiments of the present invention relate to 
cryogen ?oW regulation systems and, more particularly, to 
devices and systems for regulating pressure in a closed loop in 
Which pressure is at least partially regulated through regulat 
ing ?oW through the system. 
[0004] 2. Description of BackgroundArt 
[0005] Various cryosurgical systems that regulate cryogen 
pressure are knoWn. Further, various approached to cryogen 
pressure regulation are knoWn. Examples include US. Patent 
Publication Nos. 2009/0270851 and 2007/0149957 and the 
following US. Pat. Nos. 5,520,682, 7,192,426, and 5,334, 
1 81 . Known systems and approaches, hoWever, have not been 
entirely successful in providing consistent and smooth pres 
sure regulation. 

BRIEF SUMMARY 

[0006] The background art does not provide smooth, con 
sistent pressure regulation. 
[0007] The present invention, in at least some embodi 
ments, is an advance over the background art by providing 
cryosurgical systems and devices that exhibit smooth, con 
stant pressure regulation and in Which pressure is at least 
partially regulated through ?oW regulation. 
[0008] An aspect of the present invention provides a system 
for selectively cooling and Warming a tip of a cryosurgical 
instrument using a dual phase cryogen. The system includes: 
tWo sources of the cryogen, a ?rst source storing the cryogen 
in a liquid phase and having a ?rst source heater therein that 
selectively heats the liquid phase cryogen so as to convert at 
least some of the liquid phase cryogen stored therein into 
gaseous phase cryogen and a second source storing the cryo 
gen in a gaseous phase; a ?rst delivery path betWeen the ?rst 
source and the tip; a second delivery path betWeen the second 
source and the tip; a cryogen delivery control section that 
selectively delivers cryogen to the tip from the respective 
sources; a cryogen return path from the tip to the ?rst and 
second sources; a cryogen return control section that controls 
the return of cryogen via the cryogen return path and that 
includes a pump that pumps the returning cryogen to the 
second source; and a pressure control section including a ?rst 
pressure sensor that senses a pressure in the ?rst source, a 

second pressure sensor that senses a pressure in the second 

source, and a pressure regulator that regulates the pressure of 
the ?rst source based on information from the pressure sen 
sors. 

[0009] Another aspect of the present invention provides an 
apparatus for delivering a phase changing cryogen to a sur 
gical device, including: a ?rst reservoir of the cryogen in a 
liquid phase; a liquid feed conduit through Which cryogen 
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travels from the ?rst reservoir to the surgical device; a second 
reservoir of the cryogen in a gaseous phase; a gaseous feed 
conduit through Which cryogen travels from the second res 
ervoir to the surgical device; a return conduit through Which 
cryogen that is exhausted from the surgical device returns to 
the ?rst and/or second reservoir, the exhausted cryogen being 
in the gaseous phase; a pump disposed in the return conduit, 
the pump selectively pumping the returning cryogen to the 
?rst reservoir and/or the second reservoir; and a logic section 
that selectively energiZes the pump to control an overall pres 
sure in the system, based on information from pressure sen 

sors and How meters. 

[001 0] Still another aspect of the present invention provides 
a system including: a ?rst cryogen delivery loop including a 
liquid cryogen storage section in ?uid communication With a 
cryosurgical device via (i) a liquid cryogen delivery path and 
(ii) a cryogen return path; and a second cryogen delivery loop 
including a gaseous cryogen storage section in gaseous com 
munication With (i) the cryosurgical device via a gaseous 
cryogen delivery path and a portion of the return path and (ii) 
the liquid cryogen storage section via a portion of the cryogen 
return path. The cryo gen return path delivers exhausted, gas 
eous cryogen from the cryosurgical device to the ?rst and/or 
the second cryo gen storage section, includes a heater that 
selectively heats the exhausted, gaseous cryogen to maintain 
a temperature thereof above a boiling temperature of the 
cryogen, and includes a pump that selectively increases a 
local pressure in the cryogen return path. When the liquid 
cryogen heater is energiZed, liquid cryo gen in the liquid cryo 
gen storage section is converted into a gaseous state and 
delivered to the second cryogen storage section. 

[0011] Yet another aspect of the present invention provides 
a system for selectively cooling and Warming a tip of a cryo 
surgical instrument using a dual phase cryogen, including: 
tWo sources of the cryogen, a ?rst source storing the cryogen 

in a liquid phase and having a ?rst source heater therein that 
selectively heats the liquid phase cryogen so as to convert at 
least some of the liquid phase cryogen stored therein into 
gaseous phase cryogen and a second source storing the cryo 
gen in a gaseous phase; a ?rst delivery path betWeen the ?rst 
source and the tip; a second delivery path betWeen the second 
source and the tip and including a gaseous phase cryogen 
heater that heats gaseous phase cryogen traveling therein 
from the second source to the tip; a cryogen delivery control 
section that selectively delivers cryogen to the tip from the 
respective sources; a cryogen return path from the tip to the 
?rst and second sources; a cryogen return control section that 
controls the return of cryogen via the cryogen return path and 
that includes a cryogen heater that selectively heats cryogen 
in the cryogen return path to maintain a temperature of retum 
ing cryogen therein above a boiling temperature thereof, a 
How meter that measures a How rate of the returning cryogen, 
and a pump that pumps the returning cryogen to the second 
source; and a pressure control section including a ?rst pres 
sure sensor that senses a pressure in the ?rst source, a second 

pressure sensor that senses a pressure in the second source, 
and a pressure regulator that regulates an overall pressure of 
the system based on information from the pressure sensors 
and the How meter. 
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[0012] Still another aspect of the present invention provides 
a system for selectively cooling and Warming a tip of a cryo 
surgical instrument using a dual phase cryogen. The system 
includes: tWo sources of the cryogen, a ?rst source storing the 

cryogen in a liquid phase and having a container contained 
completely Within said ?rst source, said container also con 
taining the cryogen in a liquid phase, said container commu 
nicating ?uidly With said ?rst source through a check valve, 
Wherein if pressure is greater in said ?rst source than in said 
container, said check valve opens and cryogen in said liquid 
phase ?oWs from said ?rst source to said container; a second 
source storing the cryogen in a gaseous phase; a ?rst delivery 
path betWeen the ?rst source and the tip; a second delivery 
path betWeen the second source and the tip; a cryogen deliv 
ery control section that selectively delivers cryogen to the tip 
from the respective sources; a cryo gen return path from the tip 
to the ?rst and second sources; a cryogen return control sec 

tion that controls the return of cryogen via the cryogen return 
path and that includes a pump that pumps the returning cryo 
gen to the second source; and a pressure control section 
including a ?rst pressure sensor that senses a pressure in the 

?rst source, a second pressure sensor that senses a pressure in 

the second source, and a pressure regulator that regulates an 
overall pressure of the system based on information from the 
pressure sensors. 

[0013] As used herein, the term “cryoprobe” is provided as 
a non-limiting example of a cryosurgical instrument. And, 
although embodiments and/or aspects of the present inven 
tion are discussed in the context of a cryoprobe, it is to be 
understood that other cryosurgical instruments are both con 
templated and intended to be included. 

[0014] Without Wishing to be limited in any Way, and With 
out Wishing to provide a closed list, the present invention in at 
least some embodiments effectively regulates “tWo-phase 
How”, in Which the cryogen both ?oWs and boils, thereby 
controlling the level of the heat ?ux. 

[0015] These, additional, and/or other aspects and/or 
advantages of the present invention are: set forth in the 
detailed description Which folloWs; possibly inferable from 
the detailed description; and/or learnable by practice of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention Will be more readily under 
stood from the detailed description of embodiments thereof 
made in conjunction With the accompanying draWings of 
Which: 

[0017] FIG. 1 shoWs a closed loop system 100 consistent 
With an embodiment of the present invention; 

[0018] FIG. 2 shoWs a closed loop system 200 consistent 
With an embodiment of the present invention featuring a 
constantly operating pump; 
[0019] FIG. 3 shoWs a closed loop system 300 consistent 
With an embodiment of the present invention featuring an 
additional structure to generate gaseous cryogen; and 

[0020] FIG. 4 shoWs a partial vieW of a closed loop system 
400 consistent With an embodiment of the present invention 
featuring additional pressure control structure. 
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DETAILED DESCRIPTION 

[0021] Reference Will noW be made in detail to embodi 
ments of the present invention, examples of Which are illus 
trated in the accompanying draWings, Wherein like reference 
numerals refer to the like elements throughout. The embodi 
ments are described beloW to explain the present invention by 
referring to the ?gures. With speci?c reference noW to the 
draWings in detail, it is stressed that the particulars shoWn are 
by Way of example and for purposes of illustrative discussion 
of the preferred embodiments of the present invention only, 
and are presented in the cause of providing What is believed to 
be the most useful and readily understood description of the 
principles and conceptual aspects of the invention. In this 
regard, no attempt is made to shoW structural details of the 
invention in more detail than is necessary for a fundamental 
understanding of the invention, the description taken With the 
draWings making apparent to those skilled in the art hoW the 
several forms of the invention may be embodied in practice. 
[0022] Before explaining exemplary embodiments of the 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of the components set forth in the folloWing 
description or illustrated in the draWings. The invention is 
capable of other embodiments or of being practiced or carried 
out in various Ways. Also, it is to be understood that the 
phraseology and terminology employed herein is for the pur 
pose of description and should not be regarded as limiting. 
[0023] Referring noW to FIG. 1, there is illustrated a closed 
loop system 100 for recycling a gaseous cryogen in a pres 
suriZed manner, While the pressure and the How in the system 
are regulated. The system 100 includes a source of liquid 
cryogen 104, a source of gaseous cryogen 102, a cryoprobe 
117, and structures providing various cryogen ?oW paths, 
Which are discussed in detail beloW. 

[0024] The source of liquid cryogen 104 is connected to the 
cryoprobe 117 via, in series from upstream to doWnstream, a 
line 118, a tWo-Way valve, 121, and a cryoprobe inlet 116. 
[0025] The source of gaseous cryogen 102 is connected to 
the cryoprobe 117 via, in series from upstream to doWn 
stream, a line 110, a tWo-Way valve 113, a line 115, a tWo-Way 
valve 112, a heater 105, and a cryoprobe inlet 108. 
[0026] The cryoprobe 117 is connected to the gaseous cryo 
gen source 102 via, in series from upstream to doWnstream, a 
line 119, a tWo-Way valve 120, and line 123, a heater 122, and 
line 124, a pump 134, a line 132, and a tWo-Way valve 106. A 
How meter 182 and a relief valve 1 07 may be connected to line 
124 betWeen the heater 122 and the pump 134. 
[0027] The cryoprobe 117 is connected to the liquid cryo 
gen source 104 via, in series, a line 133 that is connected to 
line 132 at a point betWeen the pump 134 and the tWo-Way 
valve 106, tWo-Way valves 103 and 130, a line 129, and a 
pressure indicator 181. 
[0028] Also present in the system 100 is a pressure regula 
tor connected to a line 135 that interconnects the tWo-Way 
valve 130 and the line 115. 
[0029] A cryoablation procedure may include one or more 
alternating cooling and active thaWing processes, Which fol 
loW an initialiZation procedure. 
[0030] Operation of the system 100 is discussed. During a 
freeZing process of the cryoablation procedure, liquid cryo 
gen exits from source 104 through the line 118. FloW is 
controlled by either the pressure regulator 101, or by the 
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tWo-Way valve 121, although during the freezing process the 
tWo-Way valve 121 is typically in the open state. The How of 
the liquid cryogen is controlled as the liquid cryogen boils, 
thereby limiting the heat ?ux to assure smooth operation, as 
previously described. Cryogen then enters through the inlet 
116 and into the cryoprobe 117 Where it then cools a tip 124, 
Which may optionally be solid or holloW. Exhausted cryogen 
(i.e., cryogen that has cooled the surrounding environment 
through boiling and has expanded, as the liquid portion of the 
cryogen is reduced relative to the gaseous portion) then exits 
through a return tube 106 of the cryoprobe 117 to the line 119. 
The exhausted cryogen then passes through the tWo-Way 
valve 120 and is optionally heated by the heater 122 to ensure 
that the return line temperature is above the boiling tempera 
ture of the cryogen, such that the exhausted cryogen is main 
tained in a gaseous state. Optionally and alternatively, the 
cryogen is not heated. The gaseous cryogen then ?oWs 
through a line 124 and a How meter 182, Which measures the 
rate of How of cryogen through the line 124. As described in 
greater detail beloW, this How rate information is one compo 
nent upon Which the pressure regulation for system 100 is 
based. Optionally, if the How rate is too high for the desired 
pressure in system 100 to be maintained and/or for effectively 
cooling tip 124, gaseous cryogen may be exhausted through a 
relief valve 107. 

[0031] The gaseous cryogen, if not exhausted, then passes 
to the pump 134, Which is controlled to maintain the desired 
pressure in system 100. Pump 134 pumps the gaseous cryo 
gen to gaseous cryogen source 102 through the line 132 and 
then through the tWo Way valve 106. The desired gaseous state 
of the cryogen upon entering pump 134 is maintained by the 
heater 122, as previously described. Optionally, the gaseous 
cryogen may be pumped through the tWo-Way valve 103 to 
the line 131 and hence through the tWo Way valve 130 to the 
liquid cryogen source 104 through the line 129. This optional 
?oW path may be advantageous in maintaining the desired 
pressure differential betWeen the liquid cryogen source 104 
and the gaseous cryogen source 102 as described in greater 
detail beloW. 

[0032] System pressure is measured at liquid cryogen 
source 104 by the pressure gauge 181 and at the gaseous 
cryogen source 102 by the pressure gauge 184. Preferably, 
pressure is higher at the source of gaseous cryogen 102 than 
at the source of liquid cryogen 104. 

[0033] The pressure regulator 101 and the pump 134 con 
trol the overall pressure of system 100. In more detail, pres 
sure regulator 101 receives information regarding the pres 
sure of system 100 from pressure gauge 181 and How meter 
182 and, based on this received information, the activity of 
pump 134 may be adjusted through a suitable electronic cir 
cuit (not shoWn) such that the pressure in the gaseous cryogen 
source 102 is preferably maintained at a higher level than the 
pressure in the liquid cryogen source 104. Optionally, in case 
of excessive systemic pressure, cryogen gas may be 
exhausted through valve 107. Also, optionally, in case of 
excessive pressure at liquid cryogen source 104, gaseous 
cryogen may be exhausted through the relief valve 191. Pref 
erably hoWever, gaseous cryogen is recycled to gaseous cryo 
gen source 102 and the desired pressure is maintained in 
system 100. 
[0034] During the active thaWing process, the gaseous 
cryogen ?oWs from gaseous cryogen source 102 through the 
line 110, the tWo-Way valve 113, the line 115, the tWo-Way 
valve 112 and is heated by the heater 105, after Which the 
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heated gaseous cryogen enters the cryoprobe 117 through the 
inlet 108. This gaseous cryogen continues to How through the 
line 119 to the pump 134. Pump 134 raises the pressure of the 
gaseous cryogen and returns the gaseous cryogen to the gas 
eous cryogen source 102. During this operation valve 107 
remains closed and the gaseous cryogen is fully recycled. 
[0035] During an initialization process of the system, When 
the How meter 182 indicates that cryogen is not ?oWing, the 
pump 134 is ?rst pumping either air or cryogen into source 
104, by opening valves 103 and 130 for line 129, and also by 
opening valve 107 to permit entry of air. When the pressure 
indicator 181 reaches a determined (threshold) value, valve 
103 closes and valve 106 opens to deliver the compressed gas 
to the source 102, until the pressure at source 102 reaches 
another determined value, as read by pressure sensor 184. 
[0036] During the freeZing phase of operation, When valves 
121 and 120 are open and How meter 182 indicates How is 
occurring, pump 134 is primarily activated to return cryogen 
to the source 102 through the valve 106, as long as the pres 
sure as measured by pressure meter 181 is maintained at the 
desired value or range of values. If the pressure meter 181 
indicates that the pressure is beloW the desired value thresh 
old, then pump 134 forces the cryogen through valves 103 and 
130 into the source 104. During the active thaWing phase of 
operation, pump 134 simply recycles the cryogen through 
valves 106,113,112 and 120 through lines 110,108 and 119. 
[0037] Referring noW to FIG. 2, there is illustrated a system 
200 consistent With an embodiment of the present invention. 
The system 200, in some respects, operates similarly to sys 
tem 100 of FIG. 1. Thus, for ease of explanation, like com 
ponents betWeen systems 100 and 200 share corresponding 
reference numbers and detailed description thereof is omit 
ted. 
[0038] A feature of the system 200 that differentiates it 
from the system 100 is that pump 234 operates constantly to 
recycle the cryogen return gas. Furthermore, the pump 234 is 
preferably able to pump both liquid cryogen and gaseous 
cryogen. In order to maintain pressure in system 200, rather 
than controlling the activity of pump 234, the pressure regu 
lator 201 preferably controls the exhaust of excess gaseous 
cryogen through a relief valve 291 at liquid cryogen source 
204. Pressure gauge 292 is preferably located betWeen liquid 
cryogen source 204 and relief valve 291, to determine the 
pressure at liquid cryogen source 204. In system 200, Where 
the pump 234 can handle liquid as Well as gaseous cryogen, 
the operation of heater 222 is reserved only for cases When the 
gaseous cryogen is exhausted through relief valve 207. 
[0039] Referring noW to FIG. 3, there is illustrated a system 
300 consistent With an embodiment of the present invention. 
The system 300, in some respects, operates similarly to sys 
tem 100 of FIG. 1. Thus, for ease of explanation, like com 
ponents betWeen systems 100 and 300 share corresponding 
reference numbers and detailed description thereof is omit 
ted. 
[0040] A feature of the system 300 that differentiates it 
from the system 100 is the presence of additional structure to 
generate gaseous cryogen in order to ?ll gaseous cryogen 
source 302. In more detail, the sources of cryogen 302 and 
304 are connected by line 352, a tWo-Way valve 353, and a 
line 354, in series from the source 304 to the source 302. Also 
present is a heater 351 disposed in the source 304. 
[0041] In operation, the additional structure generates gas 
eous cryogen by energiZing heater 351 to heat and boil liquid 
cryogen in the liquid cryogen source 304. The gaseous cryo 
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gen at liquid cryogen source 304 is then preferably directly 
transferred to gaseous cryogen source 302 through a line 352 
and a tWo-Way valve 353, thereby rapidly increasing the 
pressure at gaseous cryogen source 302 to the desired pres 
sure and more rapidly enabling system 300 to achieve the 
desired system pressure. The additional structure is prefer 
ably operative during the initiation of the activity of system 
300 (i.e., upon initiation of cryotherapy). 
[0042] Referring noW to FIG. 4, there is illustrated a portion 
system 400 consistent With an embodiment of the present 
invention. The system 400, in some respects, operates simi 
larly to system 100 of FIG. 1. Thus, for ease of explanation, 
like components betWeen systems 100 and 400 share corre 
sponding reference numbers and detailed description thereof 
is omitted. 
[0043] A feature of the system 400 that differentiates it 
from the system 100 is additional structure for controlling 
pressure. In more detail, the pressure control structure 
includes a closed container 451, a line 452 extending from 
one end of the closed container, and a check valve 461 at 
another end of the closed container. A heater 467 is disposed 
in the closed container 451 and is controlled by a control 
circuit 462. 
[0044] In system 400, the ?rst source 404 contains liquid 
cryogen. Inside of the ?rst source 404 there is an additional 
closed container 453. The container 451 permits cryogen to 
How in through a check valve 461 When the pressure in ?rst 
source 404 is greater than the pressure in container 451. When 
an electrical heater 467 is activated, the pressure in the con 
tainer 451 is raised and the check valve 461 is closed. As the 
pressure increases With the boiling that occurs due to the 
heating, gaseous cryogen ?oWs in the direction 464 Which 
connects container 451 With the second source of gaseous 
cryogen (not shoWn), at a pressure set by pressure regulator 
463. During the freeZing or cooling mode of operation, liquid 
cryogen ?oWs through a ?lter 414, When valve 421 is open to 
a cryoprobe (cryosurgical device, not shoWn) in the direction 
indicated by the arroW 465. When the pressure in the ?rst 
source 404 is loWer than desired, pressured gaseous cryogen 
enters through a line 429, upstream of Which is an additional 
pressure regulator of in the direction indicated by 466. 
[0045] During the initialiZation of the system 400, the elec 
trical heater 467 is activated and boils the cryogen in con 
tainer 451. When the pressure reaches a determined value, the 
pressure regulator 463 opens and the compressed gaseous 
cryogen is transferred in the direction 464 to the second 
source (not shoWn). During other phases of operation the 
system 400 operates in a manner at least similar to system 
100. 
[0046] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of the present invention, suitable methods and 
materials are described beloW. In case of con?ict, the patent 
speci?cation, including de?nitions, Will control. In addition, 
the materials, methods, and examples are illustrative only and 
not intended to be limiting. 
[0047] The various described embodiments may be selec 
tively combined. 
[0048] Although selected embodiments of the present 
invention have been shoWn and described, it is to be under 
stood the present invention is not limited to the described 
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embodiments. Instead, it is to be appreciated that changes 
may be made to these embodiments Without departing from 
the principles and spirit of the invention, the scope of Which is 
de?ned by the claims and the equivalents thereof. 

1. A system for selectively cooling and Warming a tip of a 
cryosurgical instrument using a dual phase cryogen, compris 
ing: 

tWo sources of the cryogen, 

a ?rst source storing the cryogen in a liquid phase and 
having a ?rst source heater therein that selectively 
heats the liquid phase cryogen so as to convert at least 
some of the liquid phase cryogen stored therein into 
gaseous phase cryogen and 

a second source storing the cryogen in a gaseous phase; 
a ?rst delivery path betWeen the ?rst source and the tip; 
a second delivery path betWeen the second source and the 

tip; 
a cryogen delivery control section that selectively delivers 

cryogen to the tip from the respective sources; 
a cryogen return path from the tip to the ?rst and second 

sources; 
a cryogen return control section that controls the return of 

cryogen via the cryogen return path and that includes 
a pump that pumps the returning cryo gen to the second 

source; and 
a pressure control section including a ?rst pressure sensor 

that senses a pressure in the ?rst source, a second pres 
sure sensor that senses a pressure in the second source, 

and a pressure regulator that regulates the pressure of the 
?rst source based on information from the pressure sen 
sors. 

2. The system of claim 1, Wherein a pressure in the system 
is rapidly increased by energiZing the ?rst source cryogen 
heater so as to generate gaseous cryogen in the ?rst source and 
then transferring the generated gaseous cryogen to the second 
source via a portion of the cryogen return path so as to 
increase the pressure in the second source. 

3. (canceled) 
4. The system of claim 1, Wherein a portion of the return 

conduit interconnects the ?rst and second reservoirs, and the 
transfer of the generated gaseous cryogen from the ?rst res 
ervoir to the second reservoir is via the portion of the return 
conduit. 

5. The system of claim 19, further comprising an exhaust 
section that exhausts cryogen gas from the return conduit, 
When a pressure in the ?rst reservoir exceeds a speci?ed 
threshold. 

6. The system of claim 5, Wherein, When the exhaust sec 
tion is closed, the gaseous cryogen from the cryosurgical 
device is fully recycled from a tip thereof back to the either 
one or both of the reservoirs. 

7. The system of claim 20, Wherein the apparatus cools a tip 
of the surgical device by delivering liquid phase cryogen to 
the tip via the liquid feed conduit, and Wherein the system 
Warms the tip by delivering gaseous phase cryogen from the 
second reservoir to the tip via the gaseous feed conduit, the 
delivered gaseous phase cryogen being Warmed by the heater. 

8. (canceled) 
9. The system of claim 19, Wherein a pressure regulator 

regulates an overall pressure of the system by regulating 
pressure in the ?rst reservoir. 
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10. The system of claim 19, further comprising cryogen 
delivery control section that comprises one or more tWo-Way 
valves disposed in one or more of the conduits. 

11. The system of claim 19, Wherein the pump operates 
continually to recycle the returning cryogen, and Wherein a 
pressure regulator regulates an overall pressure of the appa 
ratus by selectively controlling an exhaust section that 
exhausts cryogen gas from the cryogen return path When a 
pressure in the ?rst reservoir exceeds a speci?ed threshold, 
thereby regulating the pressure in the ?rst reservoir. 

12. The system of claim 19, further comprising a gaseous 
phase cryogen transfer section that interconnects the cryogen 
reservoirs so as to permit a direct transfer of gaseous phase 
cryogen from the ?rst reservoir to the second reservoir. 

13. The system of claim 12, Wherein the transfer section 
comprises a transfer delivery path, a supplemental heater in 
the ?rst cryogen source at an upstream end of the transfer 
delivery path, and a tWo-Way valve. 

14. The system of claim 13, Wherein one or both of the 
heaters in the ?rst cryogen source boil liquid cryogen therein, 
and Wherein the gaseous phase cryogen resulting from the 
boiling is directly transferred to the second cryogen source 
via the transfer delivery path. 

15. The system of claim 1, further comprising: a cryogen 
heater that selectively heats cryogen in the cryogen return 
path to maintain a temperature of returning cryogen therein. 

16. The system of claim 15, Wherein said cryogen heater 
selectively heats the cryogen above a boiling temperature 
thereof. 

17. The system of claim 1, further comprising: a gaseous 
phase cryogen heater that heats gaseous phase cryogen trav 
eling therein from the second source to the tip in said second 
delivery path. 

18. The system of claim 1, further comprising: a How meter 
that measures a How rate of the returning cryogen, Wherein 
the pressure regulator also regulates said overall pressure of 
the system based on information from the How meter. 

19. A system for delivering a phase changing cryogen to a 
surgical device, comprising: 

a ?rst reservoir of the cryogen in a liquid phase; 
a liquid feed conduit through Which cryogen travels from 

the ?rst reservoir to the surgical device; 
a second reservoir of the cryogen in a gaseous phase; 
a gaseous feed conduit through Which cryo gen travels from 

the second reservoir to the surgical device; 
a return conduit through Which cryogen that is exhausted 

from the surgical device returns to the ?rst and/or second 
reservoir, the exhausted cryogen being in the gaseous 
phase; 

a cryogen return control section that controls the return of 
cryogen via the cryogen return path and that includes a 
pump disposed in the return conduit, the pump selec 
tively pumping the returning cryogen to the ?rst reser 
voir and/or the second reservoir; 

a pressure control section including a ?rst pressure sensor 
that senses a pressure in the ?rst reservoir, a second 
pressure sensor that senses a pressure in the second 
reservoir, and a pressure regulator that regulates the 
pressure of the ?rst reservoir based on information from 
the pressure sensors, Wherein said pressure regulator is 
placed betWeen said ?rst and second reservoirs; and 

a logic section that selectively energiZes the pump to con 
trol an overall pressure in the system, based on informa 
tion from pressure sensors and How meters. 
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20. The system of claim 19, further comprising: a heater 
disposed in the return conduit, the heater selectively heating 
the returning cryogen so that it remains in the gaseous phase. 

21. The system of claim 20, Wherein said logic section also 
controls said heater. 

22. A system comprising: 
a ?rst cryogen delivery loop including a liquid cryogen 

storage section in ?uid communication With a cryosur 
gical device via (i) a liquid cryogen delivery path and (ii) 
a cryogen return path; and 

a second cryogen delivery loop including a gaseous cryo 
gen storage section in gaseous communication With (i) 
the cryosurgical device via a gaseous cryogen delivery 
path and a portion of the return path and (ii) the liquid 
cryogen storage section via a portion of the cryogen 
return path, 

Wherein the cryogen return path delivers exhausted, gas 
eous cryogen from the cryosurgical device to the ?rst 
and/or the second cryogen storage section, includes a 
heater that selectively heats the exhausted, gaseous 
cryogen to maintain a temperature thereof above a boil 
ing temperature of the cryogen, and includes a pump that 
selectively increases a local pressure in the cryogen 
return path, and 

Wherein, When the liquid cryogen heater is energiZed, liq 
uid cryogen in the liquid cryogen storage section is 
converted into a gaseous state and delivered to the sec 
ond cryogen storage section. 

23.A system for selectively cooling and Warming a tip of a 
cryosurgical instrument using a dual phase cryogen, compris 
ing: 

tWo sources of the cryogen, 

a ?rst source storing the cryogen in a liquid phase and 
having a ?rst source heater therein that selectively 
heats the liquid phase cryogen so as to convert at least 
some of the liquid phase cryogen stored therein into 
gaseous phase cryogen and 

a second source storing the cryogen in a gaseous phase; 
a ?rst delivery path betWeen the ?rst source and the tip; 
a second delivery path betWeen the second source and the 

tip and including a gaseous phase cryogen heater that 
heats gaseous phase cryogen traveling therein from the 
second source to the tip; 

a cryogen delivery control section that selectively delivers 
cryogen to the tip from the respective sources; 

a cryogen return path from the tip to the ?rst and second 
sources; 

a cryogen return control section that controls the return of 
cryogen via the cryogen return path and that includes 
a cryogen heater that selectively heats cryogen in the 

cryogen return path to maintain a temperature of 
returning cryo gen therein above a boiling temperature 
thereof, 

a How meter that measures a How rate of the returning 
cryogen, and 

a pump that pumps the returning cryogen to the second 
source; and 

a pressure control section including a ?rst pressure sensor 
that senses a pressure in the ?rst source, a second pres 
sure sensor that senses a pressure in the second source, 

and a pressure regulator that regulates an overall pres 
sure of the system based on information from the pres 
sure sensors and the How meter. 
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24. A system for selectively cooling and Warming a tip of a 
cryosurgical instrument using a dual phase cryogen, compris 
ing: 

tWo sources of the cryogen, 

a ?rst source storing the cryogen in a liquid phase and 
having a container contained completely Within said 
?rst source, said container also containing the cryo 
gen in a liquid phase, said container communicating 
?uidly With said ?rst source through a check valve, 
Wherein if pressure is greater in said ?rst source than 
in said container, said check valve opens and cryogen 
in said liquid phase ?oWs from said ?rst source to said 
container; 

a second source storing the cryogen in a gaseous phase; 

a ?rst delivery path betWeen the ?rst source and the tip; 
a second delivery path betWeen the second source and the 

tip; 
a cryogen delivery control section that selectively delivers 

cryogen to the tip from the respective sources; 
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a cryogen return path from the tip to the ?rst and second 
sources; 

a cryogen return control section that controls the return of 
cryogen via the cryogen return path and that includes 
a pump that pumps the returning cryogen to the second 

source; and 
a pressure control section including a ?rst pressure sensor 

that senses a pressure in the ?rst source, a second pres 
sure sensor that senses a pressure in the second source, 
and a pressure regulator that regulates an overall pres 
sure of the system based on information from the pres 
sure sensors. 

25. The system of claim 24, further comprising a regulator 
controlling transfer of the gaseous cryogen from the ?rst 
source to the second source When a pressure of the gaseous 
cryogen at the ?rst source is above a minimum threshold 
value. 

26. The apparatus of claim 19, Wherein the cryogen is 
nitrogen. 


