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(57) ABSTRACT 

An apparatus for compressing a gas and its uses are disclosed. 
The apparatus comprises a ?xed-volume container having a 
holloW and a moveable element subdividing said holloW into 
a ?rst variable-volume portion and a second variable-volume 
portion, the second variable-volume portion having an open 
ing for introducing therein a hydraulic and/ or pneumatic ?uid 
under pressure, for causing an increase in the volume of said 
second variable-portion by moving said moveable element, 
thereby, consequently, decreasing the volume of the ?rst vari 
able-volume portion and compressing a gas contained 
therein. 
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APPARATUS AND METHOD FOR 
COMPRESSINGA GAS, AND CRYOSURGERY 
SYSTEM AND METHOD UTILIZING SAME 

[0001] This is a continuation of US. patent application Ser. 
No. 09/987,689, ?led Nov. 15, 2001, Which is a continuation 
in-part of US. patent application Ser. No. 09/860,486, ?led 
May 21, 2001, now US. Pat. No. 6,706,037, Which claims the 
bene?t of priority from US. Provisional Patent Application 
No. 60/242,455, ?led Oct. 24, 2000, noW expired. 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0002] The present invention relates to apparatus and 
method for compressing and/ or re-compressing gas and fur 
ther to the use of in situ gas compression as a source of 
compressed gas to a compressed gas utilizing application, 
such as a cryoablation apparatus. 
[0003] Many methods are knoWn in the art for mechani 
cally compressing (pressurizing) gas, for storing compressed 
(pressurized) gas in containers, for transporting compressed 
gas to sites Where the compressed gas is to be used, and for 
utilizing compressed gasses for a variety of purposes in a 
variety of utility applications. 
[0004] Gas compression is most typically accomplished 
using single stage or multiple stage reciprocating piston sys 
tems poWered by independent poWer sources such as electric 
motors or internal combustion engines. 

[0005] Alternatively, loW and medium pressure gasses are 
sometimes raised to a higher pressure via the use of What is 
knoWn in the art as “booster” pumps. One popular form of a 
booster pump does not require external poWer sources. In 
these pumps the pressure of the input gas itself is applied over 
the surface of a large area piston Which, by mechanical link 
age, induces movement in a small area piston. The small area 
piston is used to compress a portion of the input gas to a higher 
level of compression. 
[0006] In many usages of compressed gas, heavy-duty 
equipment for pressurizing gas is located at a gas supply 
facility distant from the utilization site itself. Pressurized gas 
is typically transported to the utilization site in pressurized 
gas containers such as gas cylinders. At the utilization site, the 
gas containers are coupled to the application that utilizes the 
compressed gas. During utilization, the gas containers are 
gradually emptied until the residual pressure of the gas in the 
containers becomes too loW for the particular application. 
The containers are then typically uncoupled from the appli 
cation and returned to the gas supply facility, Where they are 
re?lled and re-pressurized. 
[0007] For many industrial, domestic, recreational, and 
other uses, these prior art methods are adequate. With respect 
to some applications, hoWever, limitations and disadvantages 
of these prior art methods are apparent. 
[0008] Reciprocating piston compression systems typi 
cally require lubrication, and volatilization of the lubricants 
can compromise the purity of the compressed gas. 
[0009] Thus there is a Widely recognized need for, and it 
Would be highly advantageous to have, a method and appa 
ratus for gas compression not involving the large rapid and 
continuous mechanical movements typical of reciprocating 
piston systems, and not requiring lubrication of the moving 
parts. 
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[0010] The phrases “medium pressure” and “medium pres 
sure gas” are used herein to refer to gasses in a range of 
pressures customarily used in industrial processes, and cus 
tomarily supplied by industrial supply sources. Compressed 
argon, used for a variety of industrial purposes, is typically 
supplied at a pressure of about 2500 PSI. For argon, pressures 
in this range are referred to herein as “medium” pressures. 

[0011] The phrases “high pressure” and “high pressure 
gas” are used herein to refer to gasses in a range of pressures 
above medium pressure. Various compressed gas utilizing 
applications require the use of high pressure gas. Compressed 
argon for use in cryosurgery applications, for example, is 
typically required to be in the range of 3000-4500 PSI and 
above. 
[0012] The prior art methods of supplying high pressure 
gas to high pressure gas applications are problematic in sev 
eral respects. 
[0013] One practical problem encountered in using high 
pressure gas in applications is that some high pressure gasses 
are simply not commercially available in many regions of the 
World. This problem exists even in some highly industrialized 
regions. In Japan, for example, argon gas, Which is used in 
Welding and other industrial processes, is available in popular 
industrial medium-pressure concentrations, yet high pres sure 
argon gas is not commercially available in Japan. A Japanese 
utilization site, such as a cryosurgery site, requiring high 
pressure argon gas, must import this gas from outside the 
country. 
[0014] A second practical problem in the use of prior art 
methods for supplying high pressure gas to a high pressure 
gas application is that transporting high pressurize gas can be 
inconvenient and/or dangerous. High pressure gas requires 
containers that are stronger and heavier than containers used 
for housing moderate pressurize gas. Transportation is more 
problematic as Well. It may be considered more dangerous to 
transport high pressurize gas by air transportation, for 
example. 
[0015] Thus, there is a Widely recognized need for, and it 
Would be highly advantageous to have, a method and appa 
ratus for supplying high pressurize gas to a high pressurize 
gas application, using gas from popularly available medium 
pressure sources. Such an apparatus and method Would over 
come the practical di?iculties of acquiring high pressure gas 
and the practical di?iculties of transporting high pressurize 
gas. 
[0016] A third problem in the use of prior art methods for 
supplying gas to high pressure gas applications is that a sig 
ni?cant portion of gas so supplied cannot be used for its 
intended purpose. When gas is supplied in pressurized con 
tainers connected directly to the utilization mechanisms, the 
pressure of the gas in the supplied container gradually falls as 
the gas is used. Gas pressure in the container eventually drops 
to a point Where it is loWer than the minimum pressure 
required for the high-pressure application. At this point, con 
siderable gas still remains in the container. This situation has 
the practical disadvantage that the container must then be 
returned to the gas supplier for re?lling While still containing 
a signi?cant quantity of unused gas, Which is inconvenient. It 
also has the commercial disadvantage that in many cases 
suppliers do not credit their customers for the returned gas, so 
that the customer often pays for gas Which Was supplied to 
him but Which he could not use. 

[0017] There is, thus, also a Widely recognized need for, 
and it Would be highly advantageous to have, a method and 
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apparatus for utilizing compressed gas Which enables full use 
of all, or at least substantially most, of the gas supplied in a gas 
supply container. 
[0018] There are, of course, some compressed gas utiliZing 
applications in Which re-pressuriZation and re-use of gasses is 
impractical. In some uses of compressed gas the cost of 
pressuriZing and transporting the gas is relatively greater than 
the cost of manufacturing or isolating the gas. Pressurized air 
provides an example. For such gasses there Would be little 
point in recycling the gas after use. In other cases, a pressur 
iZed gas is chemically transformed during utiliZation. Flam 
mable gasses used for combustion are an example. Here too, 
recycling the gas is not generally practical. 
[0019] In some applications, hoWever, recycling is possible 
and in many cases eminently desirable. This is the case, for 
example, in compressed gas utiliZing applications utiliZing a 
gas Which is rare, or is expensive to produce or to isolate, and 
in Which the gas is not chemically transformed When utiliZed. 
A cryosurgery system utiliZing krypton gas is an example of 
such an application. 
[0020] Cryosurgery systems based on J oule-Thomson heat 
exchangers (also commonly referred to as J oule-Thomson 
devices) use compressed gas for heating and intense cooling 
of therapeutic cryoprobes used to ablate tissues Within the 
body. The design of such applications is based on the fact that 
a compressed gas changes temperature as it moves from a 
region of high pressure to a region of loW pressure. The gasses 
used do not enter into chemical interactions With their envi 
ronment, they simply expand and contract, liquefy and evapo 
rate. 

[0021] Krypton presents advantages over the more popular 
argon gas for this to application. For reasons connected With 
the physical characteristics of the gas, a krypton-based cryo 
surgery system can function at a loWer pressure than an argon 
based system, consequently is easier to build, maintain, and 
use. Yet krypton is considerably more expensive than argon, 
on the order of one hundred times more expensive in today’s 
market. In a prior art system, Where the compressed gas used 
in cryosurgery is, after decompression through use, simply 
vented to the atmosphere, use of the otherWise desirable kryp 
ton gas Would be Wasteful and expensive. 
[0022] Thus, there is a Widely recogniZed need for, and it 
Would be highly advantageous to have, system and method 
for re-pressuriZing and reusing gasses utiliZed in compressed 
gas utiliZing applications, cryosurgery applications in par 
ticular. 
[0023] The limitations and disadvantages of the prior art in 
the ?eld of gas compression and the use of compressed gasses 
are particularly clear in the context of cryosurgery. Various 
medical conditions require the ablation of unhealthy tissues 
Within the body. Techniques for cryoablation developed in 
recent years present various advantages over other ablation 
techniques, in particular the advantage of causing less dam 
age to healthy tissues in proximity to the tissues Whose 
removal or destruction is desired. Invasive surgical proce 
dures require cutting or destroying tissues betWeen the exte 
rior of the body and the particular site Whose destruction is 
desired. Less invasive procedures have been used, Which 
bring about the destruction of selected tissues using probes 
Which penetrate to the area to be operated and destroy the 
selected tissue by transferring energy to those tissues. RF 
energy, light (laser) energy, microWave energy, and high 
frequency ultra-sound energy have been used in this context. 
HoWever all such methods have the common disadvantage 
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that While they raise the temperature of the tissues Whose 
destruction is intended, they transfer heat to healthy tissues as 
Well, causing their destruction, partial destruction, or func 
tional impairment. Moreover, in some cases tissues exposed 
to thermal energy or other forms of energy that raise their 
temperatures secrete substances toxic to adjacent healthy tis 
sues. For these and other reasons, cryoablation has become a 
popular method for certain types of ablation procedures. 
Examples are the treatment of prostate tumors and of benign 
prostate hyperplasia (BPH), and the creation of trans-myo 
cardial channels to effect trans-myocardial revasculariZation. 
[0024] According to a popular cryosurgical methodology, 
highly compressed gas is employed to cool and to heat sur 
gical probes used for cryoablation of tissues. A preferred 
technology for effecting cryoablation involves the use of 
Joule-Thomson heat exchangers (also popularly knoWn as 
“Joule-Thomson devices”) for cooling and for heating of 
cryoprobes at the site of tissues to be cryoablated. U.S. Pat. 
No. 6,142,991 to SchatZberger and U.S. Pat. No. 5,978,697 to 
Maytal, et al., provide examples of systems using such 
devices. 

[0025] To cool a cryosurgical apparatus utiliZing a Joule 
Thomson heat exchanger, a gas such as argon, nitrogen, air, 
krypton, CF4, xenon, N20, or a mixture of similar gasses, 
under high pressure, is alloWed to pass through an ori?ce into 
a chamber Where the gas can expand. Expansion of the gas 
causes it to cool and may cause it to liquefy, or further liquefy. 
This process cools the chamber. Gasses Which cool such a 
chamber after passing through such an ori?ce from an area of 
high pressure to an area of loWer pressure are referred to 
herein as “cooling gasses.” If the chamber is constructed of 
thermally conductive material such as a metal, cooling the 
chamber cools materials in proximity to the chamber as Well. 
Cryoprobes for cryoablation are typically designed and con 
structed according to this principle. Cryoprobes using expan 
sion of a high-pressure cooling gas through a J oule-Thomson 
ori?ce into a chamber constructed of thermally conductive 
material are used to cool body tissues in close proximity to the 
cryoprobe, to effect cryoablation. 
[0026] Cryosurgical procedures sometimes also require 
heating of cryoprobes. Tissues undergoing cryoablation tend 
to adhere to the cold cryoprobe. Heating the cryoprobe sub 
sequent to cryoablation causes melting at areas of contact 
betWeen the cryoprobe and the tissues, thereby eliminating 
adherence of the tissues to the cryoprobe and alloWing the 
cryoprobe to be easily removed from the cryoablation site. 
Cryoprobes may be heated, as Well as cooled, using a Joule 
Thomson heat exchanger. High-pressure helium or a similar 
gas passing through a J oule-Thomson ori?ce and expanding 
in a chamber, heats the chamber. Gasses Which heat such a 
chamber after passing through such an ori?ce from an area of 
high pressure to an area of loWer pressure are referred to 
herein as “heating gasses.” If the chamber is constructed of 
thermally conductive material such as a metal, heating the 
chamber has the effect of heating materials in proximity to the 
chamber. This effect is used in the construction and utilization 
of cryoprobes to melt material adjacent to a cryoprobe sub 
sequent to cryoablation, thereby enabling disengagement of 
the cryoprobe from the operated tissues. 
[0027] Cryosurgical equipment using J oule-Thomson heat 
exchangers and utiliZing popular and easily available cooling 
gasses, such as argon, require for their e?icient operation a 
source of high pressure cooling gas, typically in the pressure 
range of 3000 PS1 to 4500 PSI. 
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[0028] The need for high pressure gasses for ef?cient 
operation of cryosurgical equipment raises the several prac 
tical problems discussed hereinabove. Argon, for example, is 
a preferred gas for cooling in cryosurgical equipment based 
on Joule-Thomson devices. High pressure argon is more 
expensive than argon at standard industrial pressures, and in 
some locations, such as Japan, high pressure argon is not 
available at all. Argon can of course be purchased from stan 
dard industrial supply sources, but only at the medium pres 
sures customarily used in industrial processes, typically 
around 2500 PSI. The pressure of easily commercially avail 
able industrial compressed argon is loWer than the pressures 
required for e?icient cooling of cryo surgical equipment using 
argon in a Joule-Thomson heat exchanger. 
[0029] Thus, there is a Widely recogniZed need for, and it 
Would be highly advantageous to have, a method and appa 
ratus for cryoablation Wherein containers of gas pressurized 
to moderate pressure, such as are available from standard 
industrial sources of supply, are used to supply gas to a 
cryosurgery apparatus requiring gas of high pressure to effect 
cryogenic cooling. 
[0030] An additional problem connected With the high 
pressure requirements of cryosurgery is that even in regions 
of the World Where high-pressure cooling and heating gasses 
are commercially available, their utiliZation is aWkWard and 
expensive. Gasses supplied in a high-pressure container can 
be utiliZed only until the pressure of gas in the container falls 
to the minimum pressure usable in cryosurgery. According to 
the methods of prior art, once pressure in a gas supply con 
tainer falls beloW the minimum pressure required for cryo 
surgery, the gas supply container can no longer be utiliZed as 
a cryosurgery gas source, despite the fact that a considerable 
amount of cooling (or heating) gas may yet remain in the tank. 
If for example a cryoprobe requires a pressure of 4500 PSI (a 
typical ?gure) and a full container of gas is initially pressured 
to 6000 PSI, then only 25% of the supplied gas can be used for 
cryosurgery. As soon as more than one fourth of the gas 
initially contained in the container has been used, pressure in 
the container falls beloW the 4500 PSI minimum required by 
such a cryoprobe. In the case of a cryoprobe operating at 3250 
PSI the situation is only slightly better: only approximately 
46% of the gas contained in a 6000 PSI container can be used 
before pressure in the container falls beloW the minimum 
pressure required for operation of the cryoprobe. 
[0031] Once pressure in a gas supply container falls beloW 
the minimum required for operation of a cryoprobe, the con 
tainer must be returned to a gas supplier re-?lling. In practice, 
some suppliers credit users for the unused gas returned to 
them in such a container. Other suppliers do not. In either 
case, the expense and bother occasioned by the necessity of 
sWitching containers, and the necessity of returning contain 
ers to a supplier for re?lling While they yet contain substantial 
amounts of useful gas, are signi?cant disadvantages of cryo 
surgical equipment and procedures, according to the knoWn 
methods of prior art. 
[0032] Thus, it Would be desirable and advantageous to 
have a method and system for utiliZation of compressed gas in 
cryosurgery, and in similar applications, permitting utiliZa 
tion of substantially all or most of the contents of each con 
tainer of supplied gas. 
[0033] Prior art cryosurgery systems also suffer from the 
disadvantage that they do not re-use pressurized gas. The 
advantages (loWer pressure requirements) of krypton gas over 
argon gas for use in cryosurgery systems are Well knoWn. Yet, 
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it is largely impractical to use Krypton gas in prior art cryo 
genic systems, Wherein the cooling gas is used for cryogenic 
cooling only once, and then is alloWed to escape to the atmo 
sphere. 
[0034] Thus, there is a Widely recogniZed need for, and it 
Would be highly advantageous to have, an apparatus and 
method for re-pressuriZing and re-utiliZing the pressuriZed 
gasses in some compressed gas systems, particularly systems 
Which utiliZe gasses that are rare or expensive to produce or 
isolate, and in Which the gasses are not chemically altered 
When used. In cryosurgery there is a particular need for such 
methods and systems. 

SUMMARY OF THE INVENTION 

[0035] According to one aspect of the present invention 
there is provided an apparatus for compressing a gas, includ 
ing a ?xed-volume container having a holloW and a moveable 
element subdividing the holloW into a ?rst variable-volume 
portion and a second variable-volume portion, the second 
variable-volume portion having an opening for introducing 
therein a hydraulic and/or pneumatic ?uid under pressure, for 
causing an increase in the volume of the second variable 
portion by moving the moveable element, thereby, conse 
quently, decreasing the volume of the ?rst variable-volume 
portion and compressing a gas contained therein. 
[0036] According to further features in preferred embodi 
ments of the invention described beloW, the ?rst variable 
volume portion is designed and constructed so as to be cou 
plable during a ?rst phase of operation to a mechanism for 
introducing a gas into the ?rst variable-volume portion, and to 
be couplable during a second phase of operation to a mecha 
nism for transporting a compressed gas from the ?rst vari 
able-volume portion to a compressed gas utiliZing applica 
tion, for supplying a compressed gas to said compressed gas 
utiliZing application. 
[0037] According to still further features in the described 
preferred embodiments, the ?rst variable-volume portion is 
coupled during the ?rst phase of operation to a source of a gas, 
and is coupled during a second phase of operation to a mecha 
nism for transporting a compressed gas from the ?rst vari 
able-volume portion to a compressed gas utiliZing applica 
tion. 
[0038] According to still further features in the described 
preferred embodiments, the second variable-volume portion 
is designed and constructed to be couplable during the second 
phase of operation to a source of hydraulic and/or pneumatic 
?uid under pres sure. 

[0039] According to still further features in the described 
preferred embodiments, the second variable-volume portion 
is coupled during the second phase of operation to a source of 
hydraulic and/ or pneumatic ?uid under pressure. 
[0040] According to still further features in the described 
preferred embodiments, the moveable element is constructed 
of a rigid material. 
[0041] According to still further features in the described 
preferred embodiments, the moveable element is a piston. 
[0042] According to still further features in the described 
preferred embodiments, the moveable element is at least par 
tially constructed of a ?exible material, such as an elastomer, 
or a reinforced rubber. 

[0043] According to still further features in the described 
preferred embodiments, the moveable element is a dia 
phragm. 
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[0044] According to still further features in the described 
preferred embodiments, the moveable element is a bladder. 
The ?rst variable-volume portion forms a portion of said 
holloW and may be de?ned by the bladder, or it may be 
de?ned by the ?xed volume container and outside the bladder. 
[0045] According to another aspect of the present invention 
there is provided a method for compressing a gas, utiliZing a 
?xed-volume container having a holloW and a moveable ele 
ment subdividing the holloW into a ?rst variable-volume por 
tion and a second variable-volume portion, including the 
steps of introducing a gas into the ?rst variable-volume por 
tion of the holloW during a ?rst phase of operation; and 
introducing a hydraulic and/or pneumatic ?uid under pres 
sure into the second variable-volume portion of the holloW 
during a second phase of operation, thereby increasing the 
volume of the second variable-volume portion by moving the 
moveable element, thereby, consequently decreasing the vol 
ume of the ?rst variable-volume portion and compressing the 
gas contained therein. 

[0046] According to yet another aspect of the present 
invention there is provided a method for supplying a com 
pressed gas to a compressed gas utiliZing application, utiliZ 
ing a ?xed-volume container having a holloW and a moveable 
element subdividing the holloW into a ?rst variable-volume 
portion and a second variable-volume portion, including the 
steps of introducing a gas into the ?rst variable-volume por 
tion of the holloW during a ?rst phase of operation; introduc 
ing a hydraulic and/ or pneumatic ?uid under pres sure into the 
second variable-volume portion of the holloW during a sec 
ond phase of operation, thereby increasing the volume of the 
second variable-volume portion by moving the moveable ele 
ment, thereby consequently decreasing the volume of the ?rst 
variable-volume portion and compressing the gas contained 
therein, and transferring a gas during the second phase of 
operation from the ?rst variable-volume portion of the holloW 
to the compressed gas utiliZing application. 
[0047] According to still another aspect of the present 
invention there is provided a compressed gas utiliZation sys 
tem including a ?rst gas compression apparatus for compress 
ing a gas, including a ?xed-volume container having a holloW 
and a moveable element subdividing the holloW into a ?rst 
variable-volume portion and a second variable-volume por 
tion, the second variable-volume portion having an opening 
for introducing therein a hydraulic and/or pneumatic ?uid 
under pressure, for causing an increase in the volume of the 
second variable-volume portion by moving the moveable ele 
ment, thereby consequently decreasing the volume of the ?rst 
variable-volume portion and compressing a gas contained 
therein, the system further including a compressed gas utiliZ 
ing application utiliZing compressed gas, and a ?rst mecha 
nism for transporting a compressed gas from the ?rst vari 
able-volume portion of the ?rst gas compression apparatus to 
the compressed gas utiliZing application. 
[0048] According to further features in preferred embodi 
ments of the invention described beloW, the ?rst variable 
volume portion of the ?rst gas compression apparatus is 
coupled during a ?rst phase of operation to a mechanism for 
introducing a gas into the ?rst variable-volume portion of the 
?rst gas compression apparatus, and the ?rst variable-volume 
portion of the ?rst gas compression apparatus is coupled 
during a second phase of operation to the mechanism for 
transporting a compressed gas from the ?rst variable-volume 
portion of the ?rst gas compression apparatus to the com 
pressed gas utiliZing application. 
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[0049] According to still further features in the described 
preferred embodiments, the system further includes a second 
gas compression apparatus including a ?xed-volume con 
tainer having a holloW and a moveable element subdividing 
the holloW into a ?rst variable-volume portion and a second 
variable-volume portion, the second variable-volume portion 
having an opening for introducing therein a hydraulic and/or 
pneumatic ?uid under pressure, for causing an increase in the 
volume of the second variable-volume portion by moving the 
moveable element, thereby consequently decreasing a vol 
ume of the ?rst variable-volume portion and compressing a 
gas contained therein, and further includes a second mecha 
nism for transporting a compressed gas from the ?rst vari 
able-volume portion of the second gas compression apparatus 
to the compressed gas utiliZing application. 
[0050] According to still further features in the described 
preferred embodiments, the system is designed and con 
structed so as to enable the ?rst gas compression apparatus to 
be in the ?rst phase of operation While the second gas com 
pression apparatus is in the second phase of operation, and the 
?rst gas compression apparatus to be in the second phase of 
operation While the second gas compression apparatus is in 
the ?rst phase of operation. 
[0051] According to still further features in the described 
preferred embodiments, the system is designed and con 
structed so that the ?rst gas compression apparatus is in the 
?rst phase of operation When the second gas compression 
apparatus is in the second phase of operation, and the ?rst gas 
compression apparatus is in the second phase of operation 
When the second gas compression apparatus is in the ?rst 
phase of operation. 
[0052] According to an additional aspect of the present 
invention there is provided a cryosurgery system including a 
?rst gas compressor for compressing gas, a cryoablation 
apparatus utiliZing compressed gas, and a mechanism for 
transporting compressed gas from the gas compressor to the 
cryoablation apparatus during use. 
[0053] According to further features in the described pre 
ferred embodiments, the cryoablation apparatus includes a 
Joule-Thomson heat exchanger for cooling a portion of the 
cryoablation apparatus. 
[0054] According to still further features in the described 
preferred embodiments, the system includes a mechanism for 
re-pressuriZing a gas depressuriZed by use in the Joule-Th 
omson heat exchanger. 
[0055] According to still further features in the described 
preferred embodiments, the system further includes a mecha 
nism for transporting a gas depressuriZed by use in a Joule 
Thomson heat exchanger from the cryoablation apparatus to 
the gas compressor. The mechanism may include a second 
gas compressor, and may also include a gas reservoir. 
[0056] According to still further features in the described 
preferred embodiments, the ?rst gas compressor includes a 
?xed-volume container having a holloW and a moveable ele 
ment subdividing the holloW into a ?rst variable-volume por 
tion and a second variable-volume portion, the second vari 
able-volume portion having an opening for introducing 
therein a hydraulic and/or pneumatic ?uid under pressure, for 
causing an increase in a volume of the second variable-vol 
ume portion by moving the moveable element, thereby con 
sequently decreasing a volume of the ?rst variable-volume 
portion and compressing a gas contained therein. 
[0057] According to still further features in the described 
preferred embodiments, the ?rst variable-volume portion of 
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the ?rst gas compression apparatus is coupled during a ?rst 
phase of operation to a mechanism for introducing a gas into 
the ?rst variable-volume portion of the ?rst gas compression 
apparatus, and the ?rst variable-volume portion of the ?rst gas 
compression apparatus is coupled during a second phase of 
operation to the mechanism for transporting a compressed 
gas from the ?rst variable-volume portion of the ?rst gas 
compression apparatus to the compressed gas utiliZing appli 
cation. 
[0058] According to yet an additional aspect of the present 
invention there is provided a method for cryosurgery, involv 
ing in situ compression of gas, including using a ?rst in situ 
gas compressor to compress a gas, thereby transforming the 
gas into a ?rst compressed gas at a ?rst gas pressure, trans 
ferring the ?rst compressed gas at the ?rst gas pressure from 
the ?rst gas compressor to a cryoablation apparatus utiliZing 
the ?rst compressed gas at the ?rst gas pressure; and using the 
cryoablation apparatus to perform cryoablation, thereby cre 
ating a decompressed gas at a second gas pressure. 
[0059] According to further features in the described pre 
ferred embodiments, the method further includes the steps of 
transferring the depressuriZed gas at the second gas pressure 
to the ?rst gas compressor, for recompression and reuse, and 
recompressing and reusing the depressuriZed gas. 
[0060] According to still further features in the described 
preferred embodiments, the method further includes the steps 
of transferring said depressuriZed gas at the second gas pres 
sure to a second gas compressor, for recompression and reuse, 
and recompressing and reusing the depressuriZed gas. 
[0061] The present invention successfully addresses the 
shortcomings of the presently knoWn con?gurations by pro 
viding a method and apparatus for compressing gas Which 
does not depend on a rapidly moving reciprocating piston 
system, and therefore does not require lubrication Which 
might contaminate the purity of the compressed gas. 
[0062] The present invention further successfully 
addresses the shortcomings of the presently knoWn con?gu 
rations by providing a method and apparatus for supplying 
gas of substantially constant pressure to a compressed-gas 
application, using standard cylinders of compressed gas as a 
source of gas. 

[0063] The present invention further successfully 
addresses the shortcomings of the presently knoWn con?gu 
rations by providing a method and apparatus for supplying 
gas of high pressure to an application using high-pressure 
compressed gas, utiliZing standard cylinders of moderate 
pressure compressed gas as a source of gas. In particular, the 
present invention successfully addresses the shortcomings of 
the presently knoWn con?gurations of cryosurgery systems 
by providing a method and apparatus for cryoablation that 
e?iciently uses gas for Joule-Thomson cooling (or heating) 
from a gas source Whose initial pressure is loWer than that 
required for e?icient operation of a Joule-Thomson device, 
and is in the range of gas pressures available from standard 
industrial gas sources. This is in sharp distinction to methods 
of prior art, Which require specialiZed high-pressure gas 
sources for operation of a cryosurgery device. 
[0064] The present invention further successfully 
addresses the shortcomings of the presently knoWn con?gu 
rations by providing a method and apparatus for supplying 
gas of high pressure While nevertheless utiliZing substantially 
most or all of the compressed gas supplied in standard com 
pressed gas cylinders. In particular, the present invention 
successfully addresses the shortcomings of the presently 
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knoWn con?gurations of cryosurgery systems by providing a 
method and apparatus for cryoablation in Which substantially 
most of the cooling gasses supplied in a tank of cooling gas 
can be used for cooling a cryoprobe, and substantially most of 
the heating gasses supplied in a tank of heating gas can be 
used for heating a cryoprobe. This is in distinction to methods 
of prior art is Wherein a substantial portion of the contents of 
each tank of cooling gas cannot be used for cooling a cryo 
probe, and a substantial portion of the contents of each tank of 
heating gas cannot be used for used for heating a cryoprobe. 
[0065] The present invention further successfully 
addresses the shortcomings of the presently knoWn con?gu 
rations by providing a method and apparatus for re-pressur 
iZing and reusing gas supplied from a high-pressure source 
and depressuriZed by utiliZation in an application. In particu 
lar, the present invention successfully addresses the short 
comings of presently knoWn con?gurations of cryosurgery 
systems by providing a method and apparatus for the practical 
and economical use of rare and expensive gasses in such 
systems through the use of method and apparatus for re 
pressuriZing and reusing such gasses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0066] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings. 
With speci?c reference noW to draWings in detail, it is stressed 
that the particulars shoWn are by Way of example and for 
purposes of illustrative discussion of the preferred embodi 
ments 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 concep 
tual 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 inven 
tion, the description taken With the draWings making apparent 
to those skilled in the art hoW the several forms of the inven 
tion may be embodied in practice. 
[0067] In the draWings: 
[0068] FIG. 1 is a gas compression apparatus utiliZing a 
piston, according to the present invention; 
[0069] FIG. 2 is a gas compression apparatus utiliZing a 
diaphragm, according to the present invention; 
[0070] FIG. 3 is a gas compression apparatus utiliZing a 
bladder, according to the present invention; 
[0071] FIG. 4 is an alternative construction of a gas com 
pression apparatus utiliZing a bladder, according to the 
present invention; 
[0072] FIG. 5 is an exemplary compressed gas utiliZation 
system in the form of a cryosurgery apparatus utiliZing in situ 
compressed gas, according to the present invention; 
[0073] FIG. 6 is a compressed gas delivery module, accord 
ing to the present invention; 
[0074] FIG. 7 is a compressed gas utiliZation system incor 
porating a rechargeable gas compression apparatus, accord 
ing to the present invention; and 
[0075] FIG. 8 is a compressed gas utiliZation system utiliZ 
ing a plurality of gas compression apparati. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0076] The present invention is of apparatus and method for 
compressing and/or re-compressing gas Which can be used 
for in situ gas compression as a method of supplying com 
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pressed gas to a compressed gas utilizing application, such as 
a cryoablation apparatus. More speci?cally, the present 
invention can be used to compress a gas for use in a com 
pressed gas utilizing application. The present invention can 
further be used to raise the pressure of a compressed gas, to 
thereby supply high pressure gas to a compressed gas utiliz 
ing application using medium pressure gas sources. It can 
further be used to supply compressed gas at a constant 
selected pressure to a compressed gas utilizing application. It 
can furtherbe used to supply compressed gas to a compressed 
gas utilizing application, While utilizing all or substantially 
most of the gas supplied in conventional gas cylinders or 
similar containers. 
[0077] In one particular and presently preferred embodi 
ment, the present invention is used to supply high pressure gas 
to a cryosurgery apparatus and enables re-pressurization and 
re-use of a compressed gas used in a Joule-Thomson heat 
exchanger for heating and cryogenic cooling. 
[0078] To enhance clarity of the folloWing descriptions, the 
folloWing terms and phrases Will ?rst be de?ned: 
[0079] The terms “compression” and “pressurization” are 
used herein interchangeably. A “compressed gas” is a pres 
surized gas, a gas held under a pressure higher than atmo 
spheric pressure. 
[0080] A “compressed gas utilizing application” is a 
device, apparatus, or system utilizing compressed gas While 
operating. 
[0081] The phrase “medium pressure” is used herein to 
refer to a degree of pressurization in or near the range of 
pressurization typical of gasses sold by industrial supply 
sources When supplying gasses used for common industrial 
purposes. By Way of example, compressed argon is com 
monly sold by industrial supply sources pressurized to about 
2500 PSI. It is noted that other particular types of gasses may 
be typically available in other pressure ranges. The term 
“medium pressure”, as used herein, is not limited to a par 
ticular pressure, but is used generally to refer to a pressure 
range typically commercially available for each type of gas, 
and is contrasted With “high pressure” de?ned hereinbeloW. 
[0082] The phrase “high pressure” is used herein to refer to 
a degree of pressurization higher than the range of pressur 
ization typical of gasses sold by industrial supply houses 
When supplying gasses used for common industrial purposes. 
By Way of example, compressed argon used in cryosurgery 
apparatus is typically pressurized to the range of 3000-4500 
PSI, Which range, for argon, is referred to herein as a high 
pressure, and argon gasses at such pressure are referred to 
herein as high pressure gasses. The term “high pressure” as 
used herein is not, hoWever, limited to that particular pressure 
range. Rather, the term “high pressure” is used herein to refer 
to that pressure Which, for any particular type of gas, is higher 
than the “medium pressure” at Which that particular type of 
gas is typically easily and economically commercially avail 
able. 
[0083] The phrase “loW pressure” is used herein to refer to 
a degree of pressurization loWer than the range of pressuriza 
tion typical of gasses sold for use in compressed gas utilizing 
applications. A gas may be at “loW pressure”, and yet be at a 
pressure higher than atmospheric pressure. 
[0084] The phrase “depressurized gas” and the term 
“depressurization” are used herein to refer particularly to the 
pressurization state of a gas Which has been used by a com 
pressed gas utilizing application, and Which is consequently 
at a loW pressure subsequent to having been so used. 
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[0085] The phrase “J oule-Thomson heat exchanger” refers, 
in general, to any device used for cryogenic cooling or for 
heating, in Which a gas is passed from a ?rst region of the 
device, Wherein it is held under higher pressure, to a second 
region of the device, Wherein it is enabled to expand to loWer 
pressure. Such devices are also commonly referred to as 
Joule-Thomson devices. A Joule-Thomson heat exchanger 
may be a simple conduit, or it may include an ori?ce through 
Which gas passes from the ?rst, higher pressure, region of the 
device to the second, loWer pressure, region of the device. The 
expansion of certain gasses (referred to herein as “cooling 
gasses”) in a Joule-Thomson heat exchanger, When passing 
from a region of higher pressure to a region of loWer pressure, 
causes these gasses to cool and may cause them to liquefy, 
creating a cryogenic pool of lique?ed gas. This process cools 
the Joule-Thomson heat exchanger itself, and also cools any 
thermally conductive materials in contact thereWith. The 
expansion of certain other gasses (referred to herein as “heat 
ing gasses”) in a Joule-Thomson heat exchanger causes the 
gasses to heat, thereby heating the Joule-Thomson heat 
exchanger itself and also heating any thermally conductive 
materials in contact thereWith. 
[0086] The principles and operation of a gas compression 
apparatus and of a compressed gas utilization system accord 
ing to the present invention may be better understood With 
reference to the draWings and accompanying descriptions. 
[0087] Before explaining at least one embodiment 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. 
[0088] Referring noW to the draWings, FIG. 1 presents a 
preferred embodiment of a gas compression apparatus 
according to the present invention. For convenience and clar 
ity, a gas compression apparatus according to the present 
invention Will be referred to hereinbeloW as a “bi-pump” 18. 

[0089] In FIG. 1, bi-pump 18 comprises a container 20, 
rigidly constructed of a strong material such as a metal and 
designed to Withstand high pressures. Container 20 is option 
ally surrounded by a thermally insulating layer 16. Container 
20 has a holloW 22 and a moveable element 28. Moveable 
element 28 serves to divide holloW 22 into a ?rst variable 
volume portion, referred to herein as gas portion 24, and a 
second variable-volume portion, referred to herein as ?uid 
portion 26. 
[0090] Gas portion 24 is for receiving, holding, and com 
pressing a gas. A gas to be compressed is introduced into gas 
portion 24 through a gas input coupling 46. Gas input cou 
pling 46 is for coupling bi-pump 18 to a source of gas Which 
is to undergo compression. The input gas introduced into 
bi-pump 18 may be an uncompressed gas, or may be a pres 
surized gas at a pressure loWer than a pressure Which is 
desired to be obtained, e.g., for use in a compressed gas 
utilizing application 42. A gas output coupling 40 is provided 
for coupling gas portion 24 to compressed gas utilizing appli 
cation 42, or to some other destination for the compressed 
gas. Thus, compressed gas may be transferred to compressed 
gas utilizing application 42 or to any other destination 
through gas output coupling 40. Optionally, gas input cou 
pling 46 includes a gas input valve 41 for controlling How of 
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input gas. Optionally, gas output coupling 40 includes a gas 
output valve 43 for controlling ?oW of output gas. 
[0091] The gas introduced into gas portion 24 can be any 
gas, including, but not limited to argon, nitrogen, air, krypton, 
CF4, N20, CO2, and helium. 
[0092] Fluid portion 26 is for receiving and holding a pres 
suriZing ?uid 32. PressuriZing ?uid 32 enters ?uid portion 26 
through a pressuriZing ?uid input coupling 48, and can be 
drained from the apparatus through pressuriZing ?uid output 
coupling 50. 
[0093] During a ?rst phase of operation, a gas is introduced 
into gas portion 24 through input gas coupling 46.Also during 
the ?rst phase of operation, pressuriZing ?uid 32 present in 
?uid portion 26 as a result of previous iterations of the process 
is alloWed to drain from ?uid portion 26 through pressuriZing 
?uid output coupling 50. 
[0094] During a second phase of operation, pressuriZing 
?uid 32 is introduced into ?uid portion 26 in order to exert 
pressure on moveable element 28. PressuriZing ?uid 32 is any 
?uid capable of exerting such pressure, such as a hydraulic 
?uid such as oil or Water, or such as a pneumatic ?uid such as 
a compressed gas, or such as a mixture of a hydraulic ?uid 
such as oil mixed With a pneumatic ?uid such as a compressed 
gas. Use of a hydraulic liquid as pressuriZing ?uid 32 is the 
currently preferred choice in preferred embodiments of the 
invention. 
[0095] During a second phase of operation, ?uid pressur 
iZer 33 supplies pressuriZing ?uid 32 under pressure. Pres 
suriZed pressuriZing ?uid 32 is introduced into ?uid portion 
26 through pressuriZing ?uid input coupling 48. In a preferred 
embodiment, ?uid pressuriZer 33 is a hydraulic unit 35, 
capable of supplying a hydraulic liquid at a selected pressure, 
according to methods Well knoWn in the art. PressuriZing ?uid 
32 exerts pressure on moveable element 28, causing move 
able element 28 to move. 

[0096] The movement of moveable element 28 in response 
to pressure exerted by pres suriZing ?uid 32 causes the volume 
of ?uid portion 26 of holloW 22 to increase. Gas portion 24 
and ?uid portion 26 share the same ?xed total volume, Which 
is the volume of holloW 22 exclusive of the volume of move 
able element 28, Which in preferred embodiments is relatively 
non-compressible. 
[0097] Consequently, an increase in the volume of ?uid 
portion 26 coincides With a decrease in the volume of gas 
portion 24. Thus, the movement of moveable element 28 
forces the gas contained in gas portion 24 into a smaller 
volume, and the gas is thereby compressed proportionally. 
[0098] Moreover, moveable element 28 moves relatively 
freely, hence moveable element 28 Will tend to move in such 
a manner as to equaliZe pressure betWeen gas portion 24 and 
?uid portion 26. In consequence, changes in pressure of pres 
suriZing ?uid 32 as supplied by ?uid pressuriZer 33 are rap 
idly re?ected as corresponding changes in pressure of the gas 
being compressed Within gas portion 24. Thus, pressure of 
gas compressed in gas portion 24 is substantially controlled 
by pressure of pressuriZing ?uid 32. Fluid pressuriZer 33 is 
capable of supplying ?uid at a selected pressure, using tech 
niques Well knoWn to one schooled in the art. Control of 
output pressure of ?uid pressuriZer 33 constitutes control of 
pressure of gas compressed by gas portion 24. Thus, bi-pump 
18 can compress gas to a selected and controlled pressuriZe. 

[0099] Thus, according to another aspect of the present 
invention there is provided a method for compressing a gas, 
utiliZing a ?xed-volume container having a holloW and a 
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moveable element subdividing the holloW into a ?rst variable 
volume portion and a second variable-volume portion. The 
method according to this aspect of the invention is effected by 
introducing a gas into the ?rst variable-volume portion of the 
holloW during a ?rst phase of operation; and thereafter intro 
ducing a hydraulic or pneumatic ?uid under pressure into the 
second variable-volume portion of the holloW during a sec 
ond phase of operation, thereby increasing a volume of the 
second variable-volume portion by moving the moveable ele 
ment, thereby, consequently decreasing a volume of the ?rst 
variable-volume portion and compressing the gas contained 
therein. 
[0100] According to methods of use in currently preferred 
embodiments of the present invention, during a second phase 
of operation, compressed gas from gas portion 24 is alloWed 
to pass through gas output coupling 40, from Where it can 
serve as a supply of compressed gas to compressed gas uti 
liZing application 42 or other needs. 
[0101] Gas input coupling 46 and gas output coupling 40 
are shoWn as different couplings, yet in an optional construc 
tion they may be a combined input/ output gas coupling. Simi 
larly, pressuriZing ?uid input coupling 48 and pressuriZing 
?uid output coupling 50 are shoWn as different couplings, yet 
in an optional construction they may be a combined pressur 
iZing ?uid input/output coupling. 
[0102] Moveable element 28 Will either move rigidly, 
changing position Within container 20, or else it Will move 
elastically, changing shape. An example of rigid movement is 
presented by the embodiment of FIG. 1. Examples of elastic 
movement are given by the embodiments presented by FIGS. 
2, 3 and 4. 
[0103] In a preferred embodiment of the present invention, 
speci?cally shoWn in FIG. 1, moveable element 28 is con 
structed of a rigid material, such as a metal or a hard non 
deformable polymeric material or composite material. In this 
preferred embodiment container 20 is cylindrical, and move 
able element 28 is designed and constructed in the form of a 
piston 34. Piston 34 is able to move longitudinally Within 
cylindrical container 20. During a second phase of operation, 
When pressurized pressuriZing ?uid 32 is introduced into ?uid 
portion 26 it exerts pressure on piston 34. Piston 34 responds 
to the pressure by moving longitudinally in container 20 
toWards gas portion 24. The volume of gas portion 24 is 
thereby reduced and the gas contained therein is compressed. 
[0104] FIGS. 2, 3 and 4 present preferred embodiments in 
Which at least a part of moveable element 28 is constructed of 
?exible material, such as a reinforced rubber or an elastomer. 

[0105] In a preferred embodiment of the present invention 
shoWn in FIG. 2, moveable element 28 is a diaphragm 36. 
Diaphragm 36 is anchored at a ?xed in position Within con 
tainer 20, yet ?exible area 38 of diaphragm 36 is constructed 
of an elastic material. During the second phase of operation, 
high-pressure pressuriZing ?uid 32 is introduced into ?uid 
portion 26. Pressure exerted by pressuriZing ?uid 32 on dia 
phragm 36 causes ?exible area 38 of diaphragm 36 to distend 
toWards gas portion 24. The volume of gas portion 24 is 
thereby reduced and the gas contained therein is compressed. 
[0106] In preferred embodiments of the present invention 
shoWn in FIGS. 3 and 4, moveable element 28 is a bladder 44. 
Bladder 44 is preferably constructed of a strong but very 
?exible material, and has a shape something similar to the 
shape of a child’s balloon. At its maximum expansion, blad 
der 44 extends to ?ll substantially all of the volume of holloW 
22. At its minimum expansion, bladder 44 takes up little more 
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volume than the volume of the materials of Which bladder 44 
is composed. In a preferred embodiment the volume of blad 
der 44 at minimum expansion is typically approximately 15% 
of the volume of holloW 22. 

[0107] In a preferred embodiment of the present invention 
shoWn in FIG. 3, gas portion 24 is the interior volume of 
bladder 44 and ?uidportion 26 is the volume Within holloW 22 
of container 20 Which is outside of bladder 44. During the ?rst 
phase of operation, gas is introduced into the interior of 
bladder 44 through gas input coupling 46. During the second 
phase of operation pressuriZing ?uid 32 is introduced into the 
volume Within holloW 22 of container 20 Which is outside 
bladder 44. Pressure exerted by pressuriZing ?uid 32 on blad 
der 44 causes bladder 44 to contract, thereby exerting pres 
sure on gas contained Within bladder 44, and consequently 
compressing it. 
[0108] In a preferred embodiment of the present invention 
shoWn in FIG. 4, gas portion 24 is the volume Within holloW 
22 of container 20 Which is outside of bladder 44. In this 
embodiment, ?uid portion 26 is the interior volume of bladder 
44. During the ?rst phase of operation gas is introduced into 
the portion of holloW 22 Which is exterior to bladder 44, 
through gas input coupling 46, causing bladder 44 to collapse. 
During the second phase of operation pressuriZing ?uid 32 is 
introduced into the interior volume of bladder 44. Pressure 
exerted by pressuriZing ?uid 32 on the interior of bladder 44 
causes bladder 44 to expand. Since gas portion 24 is the 
volume of holloW 22 exterior to bladder 44, expansion of 
bladder 44 causes a reduction of volume of gas portion 24, 
thereby compressing a gas therein. 
[0109] It is to be noted that a con?guration reversed With 
respect to those presented in FIG. 3 and in FIG. 4 is knoWn in 
prior art, yet according to the teachings of the prior art the 
con?guration is used to ful?ll quite a different function. A 
device knoWn in the art as an “accumulator” is used to pres 
suriZe a liquid, such as a hydraulic liquid, e. g., Water or oil. An 
example is provided by the accumulator sold by Accumula 
tors Inc. of 9042 Long Point Road, Huston Tex. 77055, part 
number AS6100, or that sold by Ballas Engineering & 
MechaniZation Ltd. of HaManor Street, Tel Aviv, Israel, and 
identi?ed by part number SB800/1000. The function of this 
accumulator, and of all knoW usages of “accumulators” of 
similar design, according to the teachings of the prior art, is to 
pressurize a hydraulic liquid. For this purpose, a compressed 
gas is used. In other Words, the usage of an accumulator 
according to the prior art is just the reverse of the usage 
presented herein. In a prior art accumulator, gas is introduced 
under pressure into a portion of the device, for the purpose of 
exerting a force on an extensible bladder in order to pres suriZe 
a liquid such as a hydraulic liquid like Water or oil, Which is 
then subsequently used in an application requiring a pres sur 
iZed hydraulic liquid for operation. This is, of course, in sharp 
contrast to the con?guration, purpose, and usages of the 
present invention, Wherein a pressuriZing ?uid is used to 
compress a gas for use by a compressed gas utiliZing appli 
cation. 

[0110] An advantage of an apparatus constructed in accor 
dance With the teachings of the present invention is in the 
ability of the apparatus to supply gas at a constant and 
selected pressure. In each of the embodiments presented in 
FIGS. 1-4, pressure of a compressed gas held under pressure 
in gas portion 24 Will, during the second phase of operation, 
be substantially similar to pressure exerted by pressuriZing 
?uid 32 on moveable element 28. In a preferred mode of 
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operation, pressuriZing ?uid 32 is supplied by ?uid pressur 
iZer 33 through pressuriZing ?uid input coupling 48 at a 
constant pressure chosen to be an optimal pressure for a 
selected gas application. Bi-pump 18 is thus enabled to sup 
ply compressed gas to compressed gas utiliZing application 
42 at a substantially constant and optimiZed pressure. This is 
in sharp contrast to the con?gurations of prior art, in Which 
compressed gas is typically supplied to compressed gas uti 
liZing applications in the form of compressed gas containers, 
such as cylinders, of constant geometry. In such con?gura 
tions, the pressure of compressed gas supplied to the appli 
cation typically depends on the amount of gas remaining in 
the supplied container of gas. That pressure varies over time, 
pressure in the gas supply containers gradually falling as gas 
in the container is gradually used by the compressed gas 
utiliZing application. 
[0111] For some compressed gas utiliZing applications, for 
example for the cryosurgery application discussed more fully 
hereinbeloW, it is advantageous, for ef?cient operation of the 
application, to have a supply of compressed gas at a substan 
tially constant pressure. Thus, the ability of a gas compression 
apparatus according to the present invention to supply com 
pressed gas to a compressed gas utiliZing application at a 
substantially constant and optimiZed pressure is an important 
advantage of the present invention over the con?gurations of 
the prior art. 
[0112] An additional advantage of an apparatus according 
to the present invention lies in the ability of the apparatus to 
utiliZe, during the second phase of operation, substantially all 
of the gas supplied to gas portion 24 during the ?rst phase of 
operation. Since the pressure of compressed gas supplied to 
compressed gas utiliZing application 42 through gas output 
connector 40 is not dependent on the amount of gas remaining 
in the apparatus, the second phase of operation can be con 
tinued until substantially all of the gas present in gas portion 
24 has been transferred through gas output coupling 40 to 
compressed gas utiliZing application 42. This is in sharp 
contrast to the typical situation of prior art, Wherein the pres 
sure of gas supplied in a gas cylinder or similar container 
gradually falls over time as gas is used. In such a system a 
point is reached at Which the pressure of the gas supplied falls 
beloW the minimum pressure required by compressed gas 
utiliZing application 42. At that point the gas supply container 
must typically be returned for re?lling by a supplier, despite 
the fact that a signi?cant amount of valuable gas is still 
contained in the container. In a cryosurgery system, for 
example, the required gas pressure is typically so high that gas 
supply cylinders used by conventional cryosurgery systems 
are typically returned to a supplier for re?lling With more than 
half the supplied gas still in the cylinder. 
[0113] FIG. 5 presents a compressed gas utiliZation system 
according to the present invention. 
[0114] At least one gas source 100 supplies gas to an input 
gas manifold 102. Gas from input gas manifold 102 is com 
pressed by gas compression apparatus 104, then passes 
through an optional compressed gas manifold 106 to a com 
pressed gas delivery module 108. In a preferred embodiment, 
compressed gas delivery module 108 is a control module for 
controlling delivery of compressed gas to compressed gas 
utiliZing application 42, Which utiliZes the compressed gas. 
[0115] Gas source 100 is a source of any gas. In a preferred 
embodiment of the present invention, a plurality of gas 
sources 100 are enabled to input gas to input gas manifold 
102. 



US 2008/0300586 A1 

[0116] Gas source 100 may be a source of uncompressed 
gas, such as air. Gas source 100 may also be a source of 
compressed gas at a loW pressure, at a medium pressure, or at 
a high pressure. In a preferred embodiment, gas sources 100 
typically supply gas at a pressure loWer than a pressure 
desired for a particular compressed gas utiliZing application 
42. Examples of compressed gas sources 100 include an 
industrial ‘alWays on’ compressed gas supply line, an external 
gas cylinder or similar gas container, a plurality of external 
gas cylinders or similar gas containers, an internal gas cylin 
der or similar gas container, and a plurality of internal gas 
cylinders or similar gas containers. 
[0117] Gas from gas sources 100 is supplied through input 
gas manifold 102 to gas compression apparatus 104. Gas 
compression apparatus 104 is for raising the pressure of a gas 
from a ?rst pressure, the gas pressure supplied by gas sources 
100, to a second pressure, a pressure appropriate for use by 
compressed gas utiliZing application 42. In a preferred 
embodiment, gas compression apparatus 104 is a bi-pump 18, 
described hereinabove. 
[0118] Compressed gas from gas compression apparatus 
104 passes through optional compressed gas manifold 106 to 
compressed gas delivery module 108, Which controls delivery 
of compressed gas to compressed gas utiliZing application 42, 
Where it is used. 
[0119] An optional gas recycling module 118 is for recy 
cling gas that is depressuriZed in consequence of having been 
utiliZed by compressed gas utiliZing application 42. Decom 
pressed gas is recovered from compressed gas utilizing appli 
cation 42 or from compressed gas delivery module 108 to a 
gas recovery manifold 120. Gas from gas recovery manifold 
120 may optionally be repressuriZed or partially repressur 
iZed by an optional recycling gas pre-compressor 122, and 
may further optionally be stored in a recovered gas reservoir 
126. The recovered and repres suriZed gas is ultimately trans 
ported or guided to compressed gas utiliZing application 42, 
Where it is re-used. In a preferred embodiment of the present 
invention presented in FIG. 5, the recovered gas, after 
optional pre-compression by recycling gas pre-compressor 
122 and optional intermediate storage in recovered gas res 
ervoir 126, is ultimately transported or guided to input gas 
manifold 102 for further repressuriZation by gas compression 
apparatus 104, Whence it is supplied for re-use by compressed 
gas utiliZing application 42. 
[0120] A preferred embodiment of a compressed gas utili 
Zation system according to the present invention, Wherein 
compressed gas utiliZing application 42 is a cryosurgery 
application 110, constitutes a departure from prior art, and 
presents several advantages over prior art con?gurations 
using compressed gas for cooling portions of a cryosurgery 
apparatus. 
[0121] Referring again to FIG. 5, compressed gas utiliZing 
application 42 is cryosurgery application 110, in Which com 
pressed gas is supplied to at least one cryoprobe 112, prefer 
ably a plurality of cryoprobes 112. Cryoprobes 112 utiliZe 
compressed gas in Joule-Thomson heat exchangers 114 for 
cooling and optionally also for heating cryoprobes 112. In a 
preferred embodiment, compressed cooling gasses are sup 
plied to cryosurgery application 110 to cool cryoprobes 112, 
generally to affect cryoablation of tissues, and compressed 
heating gasses are supplied to cryosurgery application 110 to 
heat cryoprobes 112, generally to melt froZen tissues touch 
ing cryoprobes 112 so as to facilitate the disengagement of 
cryoprobes 112 from body tissues subsequent to cryoabla 
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tion. In a preferred embodiment, gas decompressed by utili 
Zation in cryoprobes 112 is conducted, either directly or by 
Way of application 42, to gas recovery manifold 120, for 
recompression and reuse as described hereinabove. 

[0122] Prior art cryosurgery systems participate in the dis 
advantages of high pressure gas systems recited hereinabove. 
These disadvantages include the expense and inconvenience 
of acquiring high pressure gas for use in the systems, an 
inability to utiliZe substantially most of the high pressure gas 
supplied in high pressure gas cylinders or other gas contain 
ers, and the expense and Wastefulness of systems Which vent 
expensive gasses to the atmosphere after a single use. 
[0123] A compressed gas utiliZation system according to 
the present invention, Wherein compressed gas utiliZing 
application 42 is cryosurgery application 110, overcomes 
these and other advantages of prior art systems. 
[0124] Cryosurgery applications typically require high 
pressure gas for effective heating and cooling of cryoprobes 
112.Argon, for example, is oftenused as a compressed gas for 
cryosurgery applications, and is optimally used at pressures 
in the range of 3000-4500 PSI. Industrial supply sources of 
compressed argon typically supply compressed argon at pres 
sures of about 2500 PSI. Thus, a preferred embodiment of a 
compressed gas utiliZation system of the present invention 
enables to use argon gas compressed to medium pressure, 
Which can conveniently be purchased from standard indus 
trial sources, as a gas source 100, yet supplies high pressure 
argon to a compressed gas utiliZing application 42 such as a 
cryosurgery application 110. This ability constitutes a signi? 
cant improvement over prior art. 
[0125] In another preferred embodiment, also including a 
cryosurgery application 110 utiliZing cryoprobes 112, kryp 
ton gas is used as the compressed gas. Use of krypton gas 
instead of argon enables e?icient cooling of cryoprobes 112 
at loWer pressures than those required for ef?cient cooling 
utiliZing argon gas. Krypton gas enables ef?cient cooling at 
pressures in the neighborhood of 2,500 PSI, considerably 
loWer than the pressures required for argon. Consequently, 
cryosurgery systems designed and constructed to be used 
With compressed krypton rather than compressed argon 
present various advantages, including relatively simplicity of 
construction and convenience of use. 

[0126] In prior art cryosurgery systems compressed gas 
used for cooling a cryoprobe is typically subsequently vented 
to atmosphere rather than being recovered and recycled. 
Krypton gas, hoWever, is expensive, and cannot be conve 
niently and economically used in such a prior art system. Thus 
a preferred embodiment of a compressed gas utiliZation sys 
tem according to the present invention, Wherein compressed 
gas utiliZing application 42 is cryosurgery application 110, 
the embodiment further incorporating optional gas recycling 
module 118, enables e?icient and economical use of com 
pressed krypton in a cryosurgery application, thereby consti 
tuting a further signi?cant improvement over prior art. 
[0127] Thus, according to another aspect of the present 
invention there is provided a method for cryosurgery involv 
ing in situ compression of gas. The method according to this 
aspect of the invention is effected by using a ?rst in situ gas 
compressor to compress a gas, thereby transforming the gas 
into a ?rst compressed gas at a ?rst gas pressure, transferring 
the ?rst compressed gas at the ?rst gas pressure from the ?rst 
gas compressor to a cryoablation apparatus Which utiliZes the 
?rst compressed gas at the ?rst gas pressure, and using the 
cryoablation apparatus to perform cryoablation. 
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[0128] According to yet another aspect of the present 
invention there is provided a method for cryosurgery, involv 
ing in situ compression of gas and further providing for re 
compression and re-utiliZation of the gas. The method 
according to this aspect of the invention is effected by using a 
?rst in situ gas compressor to compress a gas, thereby trans 
forming the gas into a ?rst compressed gas at a ?rst gas 
pressure, transferring the ?rst compressed gas at the ?rst gas 
pressure from the ?rst gas compressor to a cryoablation appa 
ratus Which utilizes the ?rst compressed gas at the ?rst gas 
pressure, using the cryoablation apparatus to perform cryoa 
blation, thereby creating a decompressed gas at a second gas 
pressure, transferring the depressuriZed gas at the second gas 
pressure either to the ?rst gas compressor or to a second gas 
compressor for recompression and reuse, and recompressing 
and reusing the depressuriZed gas. 
[0129] Still further advantages of a compressed gas utiliZa 
tion system according to the present invention may be par 
ticularly noted in preferred embodiments Wherein gas com 
pression apparatus 104 is a bi-pump 18, bi-pump 18 being a 
gas compression apparatus according to the present inven 
tion. 
[0130] Use of bi-pump 18 enables to supply compressed 
gas at a continuous, even, selected pressure to compressed gas 
utiliZing application 42, irrespective of pressure levels in gas 
sources 100. Use of bi-pump 18 further enables utiliZing all or 
substantially most of a gas supplied in internal or external gas 
cylinders or other containers used as gas sources 100. Use of 
bi-pump 18 presents the further advantage that bi-pump 18 is 
not a rapidly reciprocating pump, therefore requires no lubri 
cation and does not risk contamination of compressed gas by 
volatile lubricating materials. 
[0131] Thus, according to another aspect of the present 
invention there is provided a method for supplying a com 
pressed gas to a compressed gas utiliZing application, utiliZ 
ing a ?xed-volume container having a holloW, and a moveable 
element subdividing the holloW into a ?rst variable-volume 
portion and a second variable-volume portion. The method 
according to this aspect of the invention is effected by intro 
ducing a gas into the ?rst variable-volume portion of the 
holloW during a ?rst phase of operation, then introducing a 
hydraulic and/ or pneumatic ?uid under pressure into the sec 
ond variable-volume portion of the holloW during a second 
phase of operation, thereby increasing a volume of the second 
variable-volume portion by moving the moveable element, 
thereby consequently decreasing a volume of the ?rst vari 
able-volume portion and compressing a gas contained 
therein, and transferring the compressed gas during the sec 
ond phase of operation from the ?rst variable-volume portion 
of the holloW to a compressed gas utiliZing application. 
[0132] Compressed gas delivery module 108 may include 
various mechanisms such as valves, one-Way valves, pressure 
re, dryers, ?lters and measuring devices for temperature and 
pressure, for managing the delivery of compressed gas to 
compressed gas utiliZing application 42, according to meth 
ods Well knoWn in the art. 

[0133] In a preferred embodiment presented in FIG. 6, 
compressed gas delivery module 108 further includes control 
elements for managing gas compression. A control unit 130 
receives information from application feedback element 132. 
In the case a preferred embodiment in Which compressed gas 
utiliZing application 42 is a cryosurgery system 110, applica 
tion feedback element 132 is plurality of thermal sensors 133, 
reporting on temperatures Within various parts of cryosurgery 
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application 110, such as Within cryoprobes 112. Other 
optional sensors included in feedback element 132 are a pres 
sure sensor 135 and a mass ?oW sensor 137. 

[0134] Control unit 130 also receives information from 
internal sensors 136, Which typically include pressure sensors 
and other, e.g., temperature sensors. 
[0135] Control unit 130 also receives information and com 
mands from an optional command console 134 for receiving 
commands from a user, and from optional remote command 
module 136, Which is a data source such as an infrared remote 
control unit or other telecommunications device. 

[0136] Control unit 130 optionally includes aprocessor 140 
and memory 142, used to coordinate and control various parts 
of the system. In a preferred embodiment, processor 140 is 
operable to control gas compression and gas ?oW according 
to a set of programmed instructions stored in memory 142. 
Output from control unit 130 goes to control elements of gas 
delivery control system 108, such as valves controlling ?oW 
of gas. In a preferred embodiment utiliZing bi-pump 18, out 
put from control until 130 also goes to control elements of 
?uid pressuriZer 33 of bi-pump 18, for controlling the output 
pressure of ?uid pressurer 33 and thereby controlling a com 
pressed gas pressure of a compressed gas supplied by bi 
pump 18 through compressed gas manifold 106 to com 
pressed gas delivery module 108. 
[0137] Yet another embodiment of a compressed gas utili 
Zation system according to the present invention is presented 
by FIG. 7. In this preferred embodiment, gas source 100 and 
bi-pump 18 are combined into a single element, a recharge 
able bi-pump 150. In a ?rst phase of operation, rechargeable 
bi-pump 150 is disconnected from ?uid pressuriZer 33 and 
from compressed gas manifold 106, and is typically trans 
ported to a source of medium pressure gas, such as an indus 
trial gas supply source, Where rechargeable bi-pump 150 is 
recharged With medium pressure gas in much the same Way 
that classical gas cylinders are recharged With compressed 
gas. 
[0138] In a second phase of operation, recharged recharge 
able bi-pump 150 is re-connected to ?uid pressuriZer 33 and 
to gas output manifold 106. Fluid pressuriZer 33 then applies 
pressure to pressuriZing ?uid 32, as described hereinabove, 
further pressuriZing gas in gas portion 24 of rechargeable 
bi-pump 150, raising the pressure of a gas contained therein 
up to a pressure required by compressed gas utiliZing appli 
cation 42. Compressed gas is then supplied through gas out 
put manifold 106 and gas delivery control module 108 to 
compressed gas utiliZing application 42. 
[0139] The embodiment of FIG. 7 has several advantages 
over prior art, in particular the advantage that rechargeable 
bi-pump 150 can be charged to medium pressure at an indus 
trial gas supply source, yet can supply high pressure gas to 
compressed gas utiliZing application 42. The embodiment 
presents the further advantage that substantially all the gas 
supplied in a charged rechargeable bi-pump 150 can be deliv 
ered at high pressure to compressed gas utiliZing application 
42, in distinct contrast to prior art systems in Which a sub 
stantial portion of the gas supplied in a traditional gas supply 
cylinder or similar container cannot be so used. Further, the 
embodiment of FIG. 7 presents the additional advantage of 
simplicity. 
[0140] Yet, the embodiment of FIG. 7 does present a dis 
advantage, in that rechargeable bi-pump 150 must contain 
suf?cient gas to effect the entire operation of compressed gas 
utiliZing application 42, or else operation of compressed gas 
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utilizing application 42 must be interrupted While an emptied 
rechargeable bi-pump 150 is replaced by a recharged 
rechargeable bi-pump 150. 
[0141] FIG. 8 presents an alternative construction of 
another preferred embodiment of the present invention, one 
Which alloWs for continuous operation of compressed gas 
utiliZing application 42. In this embodiment gas input mani 
fold 102 supplies gas to a plurality of bi-pumps 18, repre 
sented in FIG. 8 by bi-pumps 18a and 18b. Gas input mani 
fold 102 supplies gas to bi-pumps 18a and 18b through one 
Way ?lters 152 Which alloW gas to ?oW from gas input 
manifold 102 toWards bi-pumps 18a and 18b, but do not alloW 
gas to ?oW from bi-pumps 18 toWards gas input manifold 102. 
Control unit 130 of gas delivery module 108 controls ?uid 
pressuriZers 33a and 33b in such a manner that When bi-pump 
18a is in its ?rst phase of operation bi-pump 18b is in its 
second phase of operation, and vice versa. 
[0142] Thus, during a ?rst period, bi-pump 18a is in a ?rst 
phase of operation, during Which pressuriZing ?uid 32a in 
?uid portion 26a is not under pressure, and is indeed alloWed 
to drain from bi-pump 1811 into ?uid pressuriZer 3311. Gas 
pressure from gas input manifold 102, under pressure from at 
least one gas source 100, exerts pressure on moving partition 
18a, causing gas portion 24a to expand and alloWing gas 
portion 24a to ?ll With gas from gas input manifold 102. 
Movement of moveable element 28a also causes or assists 
pressuriZing ?uid 32a to drain from ?uid portion 2611. Also 
during this ?rst period, bi-pump 18b is in its second phase of 
operation, during Which pressuriZing ?uid 32b is supplied by 
?uid pressuriZer 33b under pressure, compressing gas in gas 
portion 24b, Which is then supplied through gas output cou 
pling 40b to output gas manifold 106 and thence to com 
pressed gas delivery module 108 and thence to compressed 
gas utiliZing application 42. 
[0143] During a second period, the roles of bi-pump 18a 
and of bi-pump 18b are reversed. Bi-pump 18a enters into its 
second phase of operation, ?uid pressuriZer 33a pressuriZes 
pressuriZing ?uid 3211, thereby compressing a gas in gas por 
tion 24a of bi-pump 18a. Compressed gas from gas portion 
24a is supplied through gas output coupling 40a to gas output 
manifold 106 and then to compressed gas delivery module 
108 and thereafter to compressed gas utiliZing application 42. 
Also during this second period, bi-pump 18b, Which Was 
partially or completely emptied of gas during the ?rst period, 
is re?lled: pressure from ?uid pressuriZer 33b is relaxed, 
pressuriZing ?uid 32b is alloWed to drain from ?uid portion 
26b of bi-pump 18b, and the relaxed pressure in ?uid portion 
24b alloWs gas pressure from input gas manifold 102 to move 
moveable element 28b, expanding gas portion 24b and ?lling 
gas portion 24b With gas, While assisting in draining pressur 
iZing ?uid 32b from ?uid portion 26b. 
[0144] Alternating ?rst periods and second periods enables 
the system of FIG. 8 to provide a continuous supply of pres 
suriZed gas to compressed gas utiliZing application 42. In the 
?rst period bi-pump 18a ?lls With gas While bi-pump 18b 
supplies compressed gas for compressed gas utiliZing appli 
cation 42, then in the secondperiod bi-pump 18b ?lls With gas 
While bi-pump 18a supplies compressed gas for compressed 
gas utiliZing application 42. The process then repeats, and can 
be repeated inde?nitely, so long as a gas source 100 is avail 
able to supply gas to gas input manifold 102. An external or 
internal gas cylinder or other gas supply container can supply 
gas as many as several times to ?ll a bi-pump 18, the gas being 
supplied each time at someWhat loWer pressure as the supply 
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cylinder gradually empties. Moreover multiple gas sources 
100, multiple gas supply cylinders for example, may be con 
nected to gas input manifold 102, hence it is possible to 
replace an empty gas source 100 such as an empty gas supply 
cylinder With a full gas source 100 such as a charged gas 
supply cylinder, Without interrupting a ?oW of gas from at 
least one gas supply source 100 to gas input manifold 102. 
Thus, the embodiment of FIG. 8 enables continuous gas com 
pression and continuous supply of compressed gas to com 
pressed gas utiliZing application 42. 
[0145] It is appreciated that certain features of the inven 
tion, Which are, for clarity, described in the context of separate 
embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the 
invention, Which are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
suitable subcombination. 
[0146] Although the invention has been described in con 
junction With speci?c embodiments thereof, it is evident that 
many alternatives, modi?cations and variations Will be appar 
ent to those skilled in the art. Accordingly, it is intended to 
embrace all such alternatives, modi?cations and variations 
that fall Within the spirit and broad scope of the appended 
claims. 

1.-22. (canceled) 
23. A method using in situ compression of gas during 

cryosurgery, comprising: 
(a) using a ?rst in situ gas compressor to compress a gas 

contained therein, thereby transforming said gas con 
tained therein into a ?rst compressed gas at a ?rst gas 
pressure; 

(b) transferring said ?rst compressed gas at said ?rst gas 
pressure from said ?rst gas compressor to a cryoablation 
apparatus utiliZing said ?rst compressed gas at said ?rst 
gas pressure; 

(c) using said cryoablation apparatus to perform cryoabla 
tion, thereby creating a depressuriZed gas at a second gas 
pressure; 

(d) transporting said depressuriZed gas to said ?rst gas 
compressor for recompression and reuse; and 

(e) recompressing and reusing said depressuriZed gas. 
24. The method of claim 23, Wherein said cryoablation 

apparatus comprises a Joule-Thomson heat exchanger for 
cooling a portion of said cryoablation apparatus. 

25. The method of claim 23, Wherein said transporting 
comprises using a mechanism Which comprises a second gas 
compressor. 

26. The method of claim 23, Wherein said transporting 
comprises using a mechanism Which comprises a gas reser 
voir. 

27. The method of claim 23, Wherein said ?rst gas com 
pressor comprises a volume Which is coupled during a ?rst 
phase of operation to a mechanism for transporting com 
pressed gas from said volume to said cryoablation apparatus, 
and Which is coupled during a second phase of operation to a 
mechanism for transporting gas depressuriZed by use in said 
cryoablation apparatus to said volume. 

28. The method of claim 23, Wherein said ?rst gas com 
pressor comprises a ?rst re?llable unit operable to be ?lled 
through a ?rst input portal With a gas at one pressure While 
said ?rst gas compressor supplies gas to said cryoablation 
apparatus at another pressure. 

29. The method of claim 28, Wherein said ?rst gas com 
pressor comprises a re?llable volume Which is detachable 
from said compressor and is portable. 




