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APPARATUS AND METHOD FOR 
PROTECTING TISSUES DURING 

CRYOABLATION 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/412,330 ?led onApr. 14, 2003, Which 
is continuation-in-part of PCT Patent Application No. PCT/ 
IL02/01062 ?led on Dec. 31, 2002, Which claims the bene?t 
of priority of US. Provisional PatentApplication No. 60/344, 
369 ?led on Jan. 4, 2002. The contents of the above Applica 
tions are incorporated herein by reference. 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0002] The present invention relates to an apparatus and 
method for protecting the neurovascular bundle during cryoa 
blation of tissues of the prostate. More particularly, the 
present invention relates to heating the vicinity of the neu 
rovascular bundle While cooling pathological tissues in or 
near the prostate to cryoablation temperatures, thereby cryoa 
blating pathological tissues While protecting the neurovascu 
lar bundle from damage. Additionally, the present application 
relates to a cryoprobe having a distal treatment head and a 
proximal shaft, Which shaft is designed and constructed to 
protect tissues adjacent to the shaft from damage by cooling 
induced by cold gases exhausting from the distal treatment 
head. 

[0003] In recent years, cryoablation of pathological tissues 
has become an increasingly popular method of treatment of 
prostate cancer and of benign prostate hyperplasia (“BPH”). 
Cryoablation of pathological tissues is typically accom 
plished by utiliZing imaging modalities such as x-ray, ultra 
sound, CT, and MRI to identify a locus for ablative treatment, 
then inserting one or more cryoprobes into that selected treat 
ment locus, and cooling the treatment heads of those cryo 
probes suf?ciently to cause the tissues surrounding the treat 
ment heads to reach cryoablation temperatures, typically 
beloW about —400 C. The tissues thus cooled are thereby 
caused to loose their functional and structural integrity. Can 
cerous cells cease groWing and multiplying, and cryoablated 
tumor tissue material, Whether from malignant tumors or 
from benign groWths, is subsequently absorbed by the body. 
Cryoablation may thus be used to treat malignant tumors of 
the prostate, and to reduce prostate volume in cases of BPH. 

[0004] The principle danger and disadvantage of cryosur 
gical ablative treatment of the pro state, hoWever, is the danger 
of partially or completely destroying the functional and struc 
tural integrity of non-pathological tissues proximate to the 
treatment locus, thereby having a deleterious effect on the 
health and quality of life of the treated patient. 
[0005] Various devices and methods have been proposed to 
enable cryoablation of pathological prostate tissue While lim 
iting damage to non-pathological tissue. These fall roughly 
into tWo categories: devices and methods Which protect tis 
sues by preventing excessive cooling of those tissues during a 
cryoablation procedure in their vicinity, and methods devices 
and methods Which enable accurate placement of cryoprobes 
used in cryoablation, so as to successfully concentrate the 
cooling effect of such cryoprobes at or near pathological 
tissue, thereby minimiZing unWanted cooling of non-patho 
logical tissue. 
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[0006] An example of the former category is the Well 
knoWn technique of introducing a heating device or a heated 
?uid into the urethra of a patient, to heat the urethra and 
tissues adjacent to it during cryoablation of portions of the 
prostate, thereby helping to protect the urethra from damage 
While prostate tissues nearby are being cooled to cryoablation 
temperatures. 
[0007] An example of the latter category is provided by 
US. Pat. No. 6,142,991 to SchatZberger. SchatZberger 
describes a high resolution cryosurgical method and device 
for treating a patient’s prostate, including the steps of (a) 
introducing a plurality of cryosurgical probes to the prostate, 
the probes having a substantially small diameter, the probes 
being distributed across the prostate, so as to form an outer 
arrangement of probes adjacent the periphery of the prostate 
and an inner arrangement of probes adjacent the prostatic 
urethra; (b) producing an ice-ball at the end of each of said 
cryosurgical probes, so as to locally freeZe a tissue segment of 
the prostate. 
[0008] SchatZberger’s apparatus includes (a) a plurality of 
cryosurgical probes of small diameter, the probes being for 
insertion into the patient’s organ, the probes being for pro 
ducing ice-balls for locally freeZing selected portions of the 
organ; (b) a guiding element including a net of apertures for 
inserting the cryosurgical probes therethrough; and (c) an 
imaging device for providing a set of images, the images 
being for providing information on speci?c planes located at 
speci?c depths Within the organ, each of said images includ 
ing a net of marks being correlated to the net of apertures of 
the guiding element, Wherein the marks represent the loca 
tions of ice-balls Which may be formed by the cryosurgical 
probes When introduced through said apertures of the guiding 
element to said distinct depths Within the organ. 

[0009] Thus, SchatZberger’s method and apparatus enable 
a surgeon to place a set of cryoablation probes Within a 
prostate With relatively high accuracy, and to operate those 
probes to ablate selected tissues While avoiding, to a large 
extent, inadvertent and undesirable ablation of healthy tissues 
near the ablation site. 

[0010] HoWever, neither SchatZberger’s technique nor any 
other knoWn technique has proven suf?ciently accurate to 
prevent damage to peripheral tissues in all cases. In particular, 
the neurovascular bundle, a prostatic area rich in blood ves 
sels and in nerve tissues having cardinal importance in the 
process of erection of penis, is particularly vulnerable to 
damage by conventional prostatic cryoablation procedures. 
The neurovascular bundle lies dorsolateral to the prostate 
from the level of the seminal vesicles to the urethra, and is 
embedded in the lateral pelvic fascia along the pelvic side 
Wall. 

[0011] Damage to the neurovascular bundle may cause loss 
of sexual potency. Potent patients having an active sexual life 
are understandably reluctant to risk loss of potency as a result 
of cryosurgical treatment of the prostate, and such loss of 
potency unfortunately occurs in a non-negligible percentage 
of patients treated With conventional cryosurgery, as it does 
also in cases of treatment of prostate tumors by non-cryosur 
gical means. 

[0012] Thus, there is a Widely felt need for, and it Would be 
highly advantageous to have, a therapeutic approach to malig 
nant prostate tumors and to benign prostate hyperplasia, 
Which approach enables cryoablation of prostate tissues 
While protecting the neurovascular bundle, thereby substan 
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tially reducing or eliminating the danger that cryo surgical 
treatment of the prostate Will cause loss of erectile potency of 
the patient. 
[0013] Similarly, there is a Widely felt need for, and it Would 
be highly advantageous to have, apparatus and method 
enabling selective protection of sensitive and functionally 
important healthy tissues in close proximity to pathological 
tissues Whose cryoablation is desired, in numerous similar 
contexts. 

[0014] Referring again to Schatzberger’s technique, clini 
cal practice has revealed an unanticipated limitation of that 
technique, With regard to implementation using a dense array 
of small diameter cryoprobes. As Will be discussed in greater 
detail beloW, Schatzberger’s technique provides for coordi 
nated insertion of a multiplicity of parallel probes into an 
organ, and in particular provides for percutaneous insertion of 
multiple parallel cryoprobes, through the perineum of a 
patient, into a prostate. HoWever, cold gases exhausting from 
treatment heads of cryoprobes cool the shafts of those cryo 
probes. Body tissues lying alongside cryoprobe shafts, 
although distant from an intended cryoablation target, risk 
being damaged by cold induced by contact With, or proximity 
to, cryoprobe shafts cooled by gases exhausting from cryo 
probe treatment heads, Where those gases have been inten 
sively cooled, typically either by evaporation or by expansion 
through a Joule-Thomson ori?ce. 

[0015] Schatzberger’s technique has proven an important 
contribution to cryoablation technology, in that it provides 
means for high-resolution cryoablation speci?cally adapted 
to the three-dimensional form of an intended ablation target. 
A Schatzberger template in current use today presents a 13 by 
13 array of apertures for insertion of cryoprobes, the apertures 
being separated by 5 mm from each other, and each probe 
being of 1.5 mm in diameter. Yet, in practice, clinicians do not 
typically place cryoprobes in adjacent apertures When using 
Schatzberger’s template, but rather typically leave one or 
even tWo vacant apertures betWeen each aperture utilized to 
insert a cryoprobe. 

[0016] Thus, in typical clinical practice today, Schatzberg 
er’s apparatus is utilized at a loWer resolution than that of 
Which the apparatus is mechanically capable. Aside from a 
natural desire on the part of the surgeon to minimize puncture 
trauma to the perineum, the practice of sparse, rather than 
dense, utilizing of Schatzberger’s template has to do With 
undesired cooling induced in the shafts of the inserted cryo 
probes during ablation of the intended target. When multiple 
parallel shafts of cryoprobes are densely introduced into a 
perineum or other area not intended for cryoablation, and 
each shaft is cooled by cold exhaust gases exhausting from a 
treatment head of a cryoprobe, the cumulative cooling effect 
of the dense array of shafts is to cool tissues proximate to the 
cryoprobe shafts to an extent Which is damaging to those 
tissues. To avoid such damage using prior-art cryoprobes, 
clinicians are obliged to use Schatzberger’s template at a 
loWer resolution than Would otherWise be possible. 

[0017] There are, hoWever, clinical indications that dense 
rather than sparse use of Shatzberger’s template Would be 
desirable. There is, ?rst of all, the generally recognized pur 
pose of that template as it Was described by Schatzberger, 
namely using a dense array of probes to provide small iceballs 
from each probe, thus enhancing accuracy of the ablation and 
limiting ablation to the intended target. Clearly, the more 
densely packed the array, the smaller the iceball needing to be 
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induced by each probe, and consequently the more accurate 
the match betWeen the zone of induced ablation and the 
desired cryoablation target. 
[0018] In addition, hoWever, there are noW clinical indica 
tions that effective cryoablation of cancer may require more 
intense cooling than that provided by standard cryoablation 
procedures in common practice today. AndreW A. Gage and 
John G. Baust, in an article entitled “Cryo surgeryiA RevieW 
of Recent Advances and Current Issues’’ appearing in Cryo 
Lellers 23, 69-78 (2002) published by the Royal Veterinary 
College of London, reports experimental results obtained by 
Clarke and associates and reported in Cryobiology 42, 274 
285, Wherein surviving cancer cells Were cultured from tis 
sues subsequent to cryoablation at temperatures below —500 
C., despite the fact that temperatures below —500 C. are gen 
erally considered to be adequate for complete ablation of 
tissue. Gage summarizes an in vitro investigation of a human 
prostate cell (PC-3) line as folloWs: “Cell survival Was evalu 
ated by culture . . . When cell cultures Were exposed to freez 

ing to temperatures of —250 C. to —800 C., 90-99% loss of 
viability Was produced, but some cells repopulated tWelve 
days post-thaW. A temperature of —1000 C. Was required to 
achieve total destruction.” According to Gage, similar results 
are reported by Clarke et al. in Mol Urol 159, 1370-1374 and 
by Hollister et al. in Mol Urol 2, 13-18. Gage also cites seven 
studies substantiating his summary that “The incidence of 
persistent disease after cryotherapy vary With case selection 
and different physicians, but generally is about 10-30%, as 
manifested by prostate speci?c antigen (PSA) values and 
positive biopsies three to four years after treatment.” These 
considerations, taken together, seem to indicate that 
improved cryoablation techniques are to be sought, both in 
ablation of prostate cancer and in other contexts. 

[0019] It is generally recognized in cryoablation research 
and practice that the more intense the colds the more reliable 
the ablation. It is further generally recognized that rapid cool 
ing is an important factor in provoking cell death, a popular 
hypothesis being that rapid cooling encourages groWth of 
intra-cellular ice crystals, knoWn to be a poWerful destructive 
agent, Whereas gradual cooling tends to create extra-cellular 
ice crystals, Which have some destructive effect but Which are 
knoWn to be less effective in ablation than are intra-cellular 
ice crystals. 
[0020] It is further Well knoWn that proximity to a cryo 
probe is a factor determining speed of cooling. Tissues adja 
cent to a rapidly cooled cryoprobe are cooled rapidly, Whereas 
tissues more distant from a rapidly cooled cryoprobe are 
cooled more sloWly. 
[0021] Collectively, the above-mentioned clinical consid 
erations give support for a hypothesis that massive rapid 
cooling by a dense array of small cryoprobes Will provide 
improved survivability in cryoablation of prostate cancer and 
of cancers of other organs. 

[0022] Yet, use of such a dense cooling array of cryoprobes 
cannot be undertaken With impunity under prior art methods 
and techniques such as those described by Schatzberger, 
because of the damage to tissues external to the intended 
cryoablation target, particularly damage to tissues cooled by 
proximity to a dense array of cryoprobe shafts transporting 
exhausting expanded cooling gases aWay from a dense array 
of cryoprobe treatment heads. 
[0023] Thus there is a Widely recognized need for, and it 
Would be highly desirable to have, apparatus and method 
enabling cooling of cryoprobe treatment heads While prevent 
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ing cooling of tissues adjacent to cryoprobe shafts, particu 
larly in applications utilizing a dense array of cryoprobes. 
[0024] In this context it is noted that U.S. Pat. No. 5,800, 
487 to Mikus et al. and Us. Pat. No. 5,800,488 to Crockett 
teach a cryoprobe having a coolable treatment head compris 
ing a heatable region, yet the probes mentioned therein do not 
comprise a heatable shaft, nor do they address, nor provide a 
solution to, the clinical need de?ned hereinabove. Additional 
art of relevance include U.S. Pat. No. 6,505,629 to Mikus et 
al. 

SUMMARY OF THE INVENTION 

[0025] According to one aspect of the present invention 
there is provided a method for protecting at least a portion of 
a neurovascular bundle While cryoablating tissues of a pros 
tate, comprising (a) positioning an operating tip of a cryo 
probe in a vicinity of pathological tissue Within a prostate; (b) 
positioning a heating probe in a vicinity of a neurovascular 
bundle; and (c) heating the heating probe While cooling the 
operating tip of the cryoprobe to cryoablation temperatures, 
thereby cryoablating pathological tissue near the operating 
tip While preventing freezing of tissue of the neurovascular 
bundle near the heating probe; thereby preventing damage to 
at least a portion of the neurovascular bundle. 
[0026] According to further features in preferred embodi 
ments of the invention described beloW, the method further 
comprises utiliZing imaging modalities to map the prostatic 
region of a patient, to locate pathological tissue to be cryoa 
blated, and to locate a neurovascular bundle to be protected 
from cryoablation and from damage by freeZing. Preferably, 
a guiding element is used to guide placement of a cryoprobe 
in a vicinity of the located pathological tissue, and to guide 
placement of the heating probe in a vicinity of the located 
neurovascular bundle. 
[0027] According to still further features in the described 
preferred embodiments, the imaging modalities are selected 
from a group consisting of CT imaging, x-ray imaging, and 
ultrasound imaging. According to a preferred embodiment, 
ultrasound imaging of the prostate is obtained by insertion of 
an ultrasound probe into the rectum of a patient. 
[0028] According to another aspect of the present invention 
there is provided a cryoprobe having a shaft and a distal 
operating tip, the tip being operable to cool to cryoablation 
temperatures tissues surrounding the tip, thereby cryoablat 
ing the tissues, the shaft being designed and constructed to 
protect tissues adjacent to the shaft from cryoablation and 
from damage by freeZing. 
[0029] According to further features in preferred embodi 
ments of the invention described beloW, the shaft comprises 
an insulating element serving to thermally isolate cold 
regions Within the shaft from external portions of the shaft 
having direct contact With tissues adjacent to the shaft. The 
insulating element may be formed as an insulating sheath 
comprising at least a partial vacuum. 
[0030] According to further features in preferred embodi 
ments of the invention described beloW, the shaft comprises a 
heating element, Which may be an electrical resistance heat 
ing element, a microWave heating element, a radio frequency 
heating element, or a ?uid heating module. 
[0031] According to further features in preferred embodi 
ments of the invention described beloW, the ?uid heating 
module comprises a ?rst passage for delivery of a ?uid to a 
volume Within the shaft, and further comprises a second pas 
sage for exhausting the ?uid from said volume of said shaft. 
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The ?rst pas sage may be operable to deliver a pre-heated ?uid 
to a portion of said shaft, or to deliver a compressed heating 
gas to a ?rst Joule-Thomson ori?ce. 
[0032] According to further features in preferred embodi 
ments of the invention described beloW, the shaft comprises a 
?rst Joule-Thomson ori?ce and the operating tip comprises a 
second Joule-Thomson ori?ce. The cryoprobe comprises a 
?rst gas input passage and a second gas input passage, the ?rst 
gas input passage being operable to deliver compressed heat 
ing gas to the ?rst Joule-Thomson ori?ce While the second gas 
input passage delivers compressed cooling gas to the second 
Joule-Thomson ori?ce. 
[0033] According to still another aspect of the present 
invention there is provided a method for protecting tissues 
adjacent to a shaft of a cryoprobe While cryoablating tissues 
adjacent to an operating tip of said cryoprobe, comprising (a) 
cooling the operating tip of the cryoprobe to cryoablation 
temperatures, thereby cryoablating tissues adjacent to the 
operating tip; and (b) simultaneously heating a portion of the 
shaft, thereby preventing freeZing of tissues adjacent to the 
shaft, thereby protecting tissues adjacent to the shaft While 
cryoablating tissues adjacent to the operating tip. 
[0034] A portion of the shaft, preferably the external por 
tion adjacent to the external Wall of the shaft, may be heated 
by electrical resistance heating, by microWave heating, by 
radio frequency heating, by circulating therein a pre-heated 
?uid, and by Joule-Thomson heating. 
[0035] The present invention successfully addresses the 
shortcomings of the presently knoWn con?gurations by pro 
viding an apparatus and method for protecting healthy and 
functionally important tissue areas during cryoablation of 
pathological tissues in their vicinity. 
[0036] The present invention further successfully 
addresses the shortcomings of the presently knoWn con?gu 
rations by providing an apparatus and method for protecting 
the neurovascular bundle during cryoablation of nearby pros 
tate tissues, thereby substantially reducing or eliminating the 
probability that loss of erectile potency of the patient Will 
result from cryoablative prostate treatment. 
[0037] The present invention further successfully 
addresses the shortcomings of the presently knoWn con?gu 
rations by providing an apparatus and method enabling cool 
ing of cryoprobe treatment heads While preventing cooling of 
tissues adjacent to cryoprobe shafts, particularly in applica 
tions utiliZing a dense array of cryoprobes. 
[0038] 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. 
[0039] Implementation of the method and system of the 
present invention involves performing or completing selected 
tasks or steps manually, automatically, or a combination 
thereof. Moreover, according to actual instrumentation and 
equipment of preferred embodiments of the method and sys 
tem of the present invention, several selected steps could be 
implemented by hardWare or by softWare on any operating 
system of any ?rmWare or a combination thereof. For 
example, as hardWare, selected steps of the invention could be 



US 2009/0292280 A1 

implemented as a chip or a circuit. As software, selected steps 
of the invention could be implemented as a plurality of soft 
Ware instructions being executed by a computer using any 
suitable operating system. In any case, selected steps of the 
method and system of the invention could be described as 
being performed by a data processor, such as a computing 
platform for executing a plurality of instructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings. 
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 understand 
ing 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. 
[0041] In the draWings: 
[0042] FIG. 1 is a simpli?ed schematic of an exemplary 
cryoprobe, according to the methods of prior art; 
[0043] FIG. 2 is a simpli?ed schematic of a manifold struc 
ture connecting a plurality of cryosurgical probes to a com 
mon gas source, according to the methods of prior art; 
[0044] FIG. 3 is a simpli?ed schematic of an alternative 
con?guration of a pre-cooling element, according to the 
methods of prior art; 
[0045] FIG. 4 is a simpli?ed schematic of an apparatus 
comprising an ultrasound probe and a guiding element for 
guiding insertion of a plurality of cryoprobes into a patient’s 
body, according to the methods of prior art; 
[0046] FIG. 5 is a simpli?ed schematic shoWing a method 
of use of the apparatus presented in FIG. 4, according to the 
methods of prior art; 
[0047] FIG. 6 is a simpli?ed schematic shoWing a further 
step in the use of the apparatus presented in FIG. 4, according 
to the methods of prior art; 
[0048] FIG. 7 is a simpli?ed schematic representation of a 
prostrate treatment apparatus according to an embodiment of 
the present invention; 
[0049] FIG. 8 is an additional vieW of the treatment appa 
ratus of FIG. 7; 
[0050] FIG. 9 is a simpli?ed ?oW-chart of a recommended 
procedure for cryoablation of a portion of an organ, such as a 
tumor of a prostate, according to an embodiment of the 
present invention; 
[0051] FIG. 10 is a simpli?ed schematic representation of a 
prostrate treatment apparatus according to an additional pre 
ferred embodiment of the present invention; 
[0052] FIG. 11 is a simpli?ed schematic of a cryoprobe 
comprising a cryogenic treatment head and a heatable shaft, 
according to an embodiment of the present invention; 
[0053] FIG. 12 is a simpli?ed schematic of an alternative 
construction of a cryoprobe having a cryogenic treatment 
head and a heatable shaft, according to an embodiment of the 
present invention; 
[0054] FIG. 13 is a simpli?ed schematic of a cryoprobe 
having an insulated shaft, according to an embodiment of the 
present invention; and 
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[0055] FIG. 14 is a simpli?ed schematic of a system for 
cryoablation, comprising a positioning mechanism for posi 
tioning a plurality of cryoprobes With respect to a cryoabla 
tion target, and a plurality of cryoprobes having shafts 
designed and constructed to protect tissues adjacent to those 
shafts from damage during cryoablation, according to an 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0056] The present invention is of apparatus and method for 
protecting healthy tissues from damage, While cryoablating 
pathological tissues nearby. More particularly, the present 
invention relates to heating a ?rst selected tissue area in or 
near a prostate, such as the neurovascular bundle area, While 
cooling to cryoablation temperatures a second selected tissue 
area in or near a prostate, such as benign or malignant tumor 
tissue, thereby cryoablating selected pathological tissues 
While protecting the neurovascular bundle or other selected 
healthy tissues from damage. The invention can be used to 
protect the neurovascular bundle during cryosurgery of pros 
tate tissues, thereby reducing the risk of adverse effects of 
prostate cryosurgery to penile erectile functioning of a patent 
so treated. 

[0057] 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. 
[0058] To enhance clarity of the folloWing descriptions, the 
folloWing terms and phrases Will ?rst be de?ned: 
[0059] The phrase “heat-exchanging con?guration” is used 
herein to refer to component con?gurations traditionally 
knoWn as “heat exchangers”, namely con?gurations of com 
ponents situated in such a manner as to facilitate the passage 
of heat from one component to another. Examples of “heat 
exchanging con?gurations” of components include a porous 
matrix used to facilitate heat exchange betWeen components, 
a structure integrating a tunnel Within a porous matrix, a 
structure including a coiled conduit Within a porous matrix, a 
structure including a ?rst conduit coiled around a second 
conduit, a structure including one conduit Within another 
conduit, or any similar structure. 
[0060] The phrase “Joule-Thomson heat exchanger” as 
used herein refers, in general, to any device used for cryo 
genic 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. 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 pres 
sure, region of the device to the second, loWer pres sure, region 
of the device. A Joule-Thomson heat exchanger may further 
include a heat-exchanging con?guration, for example a heat 
exchanging con?guration used to cool gasses Within a ?rst 
region of the device, prior to their expansion into a second 
region of the device. 
[0061] The phrase “cooling gasses” is used herein to refer 
to gasses Which have the property of becoming colder When 
passed through a Joule-Thomson heat exchanger. As is Well 
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known in the art, When gasses such as argon, nitrogen, air, 
krypton, CO2, CF4, xenon, and N20, and various other gasses 
pass from a region of higher pressure to a region of loWer 
pressure in a Joule-Thomson heat exchanger, these gasses 
cool and may to some extent 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. A gas having the property of 
becoming colder When passing through a J oule-Thomson 
heat exchanger is referred to as a “cooling gas” in the folloW 
ing. 
[0062] The phrase “heating gasses” is used herein to refer to 
gasses Which have the property of becoming hotter When 
passed through a Joule-Thomson heat exchanger. Helium is 
an example of a gas having this property. When helium passes 
from a region of higher pressure to a region of loWer pressure, 
it is heated as a result. Thus, passing helium through a Joule 
Thomson heat exchanger has the effect of causing the helium 
to heat, thereby heating the Joule-Thomson heat exchanger 
itself and also heating any thermally conductive materials in 
contact thereWith. Helium and other gasses having this prop 
erty are referred to as “heating gasses” in the folloWing. 
[0063] As used herein, a “Joule Thomson cooler” is a Joule 
Thomson heat exchanger used for cooling. As used herein, a 
“Joule Thomson heater” is a Joule Thomson heat exchanger 
used for heating. 
[0064] In discussion of the various ?gures described here 
inbeloW, like numbers refer to like parts. 
[0065] For purposes of better understanding the present 
invention, as illustrated in FIGS. 6-13 of the draWings, refer 
ence is ?rst made to the construction and operation of con 
ventional (i.e., prior art) cryosurgery apparatus and treatment 
method as illustrated in FIGS. 1-6. 

[0066] Referring to FIGS. 1-3, a cryosurgical apparatus 
according to methods of prior art includes a plurality of cryo 
surgical probes. 
[0067] FIG. 1 presents a simpli?ed schematic of an exem 
plary cryoprobe, according to the methods of prior art. 
[0068] FIG. 1 presents a cryoprobe 50 having an operating 
tip 52 including a Joule-Thomson cooler for freeZing a 
patient’s tissue and a holding member 72 for holding by a 
surgeon. As shoWn in FIG. 1, operating tip 52 includes at least 
one passageWay 78 extending therethrough for providing gas 
of high pressure to ori?ce 80 located at the end of operating 
tip 52, ori?ce 80 being for passage of high pressure cooling 
gas therethrough, so as to cool operating tip 52 and produce an 
ice-ball at its end 90. 

[0069] When a high pressure cooling gas such as argon 
expands through ori?ce 80 it may liquefy, so as to form a 
cryogenic pool Within chamber 82 of operating tip 52, Which 
cryogenic pool effectively cools surface 84 of operating tip 
52. Surface 84 of operating tip 52 is preferably made of a heat 
conducting material such as metal so as to enable the forma 
tion of an ice-ball at end 90 thereof. 

[0070] Alternatively, a high pressure heating gas such as 
helium may be used for heating operating tip 52 via a reverse 
Joule-Thomson process, so as to enable treatment by cycles 
of cooling-heating, and further for preventing sticking of the 
probe to the tissue When extracted from the patient’s body, 
and to enable fast extraction When so desired. 

[0071] When a high pressure heating gas such as helium 
expands through ori?ce 80 it heats chamber 82, thereby heat 
ing surface 84 of operating tip 52. 
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[0072] Operating tip 52 includes at least one evacuating 
passageWay 96 extending therethrough for evacuating gas 
from operating tip 52 to the atmosphere. 
[0073] As shoWn in FIG. 1, holding member 72 may 
include a heat exchanger for pre-cooling the gas ?oWing 
through passageWay 78. Speci?cally, the upper portion of 
passageWay 78 may be in the form of a spiral tube 76 Wrapped 
around evacuating passageWay 96, the spiral tube being 
accommodated Within a chamber 98. Thus, gas evacuated 
through passageWay 96 may pre-cool the incoming gas ?oW 
ing through spiral tube 76. 
[0074] As further shoWn in FIG. 1, holding member 72 may 
include an insulating body 92 for thermally insulating the 
heat exchanger from the external environment. 
[0075] Furthermore, operating tip 52 may include at least 
one thermal sensor 87 for sensing the temperature Within 
chamber 82, the Wire 89 of Which extending through evacu 
ating passageWay 96 or a dedicated passageWay (not shoWn). 
Probe 50 may further comprise one or more external thermal 
sensors 86, preferably placed at some distance from operating 
tip 52, operable to report on temperatures induced in sur 
rounding tissues by cooling of operating tip 52. 
[0076] In addition, holding member 72 may include a plu 
rality of sWitches 99 for manually controlling the operation of 
probe 50 by a surgeon. Such sWitches may provide functions 
such as on/off, heating, cooling, and predetermined cycles of 
heating and cooling by selectively and controllably commu 
nicating incoming passageWay 70 With an appropriate exter 
nal gas container including a cooling or a heating gas. 
[0077] Attention is noW draWn to FIG. 2, Which presents a 
simpli?ed schematic of a gas distribution module connecting 
a plurality of cryosurgical probes 50 to a common gas source, 
according to the methods of prior art. 
[0078] FIG. 2 presents a gas distribution module 40, 
Wherein each of cryosurgical probes 50 is connected via a 
?exible connecting line 54 to a connecting site 56 on a hous 
ing element 58, preferably by means of a linking element 51. 
Cryosurgical probes 50 may be detachably connected to con 
necting sites 56. 
[0079] Preferably, evacuating passageWay 96 extends 
through connecting line 54, such that the outgoing gas is 
evacuated through an opening located at linking element 51 
or at any other suitable location, e. g., manifold 55, see beloW. 
Preferably, line 54 further includes electrical Wires for pro 
viding electrical signals to the thermal sensor and sWitches 

(not shoWn). 
[0080] Each of cryosurgical probes 50 is in ?uid commu 
nication With a manifold 55 received Within a housing 58, 
manifold 55 being for distributing the incoming high pres sure 
gas via lines 57 to cryosurgical probes 50. 
[0081] As shoWn, housing 58 is connected to a connector 
62 via a ?exible cable 60 including a gas tube (not shoWn), 
connector 62 being for connecting the apparatus to a high 
pressure gas source and an electrical source. 

[0082] The apparatus further includes electrical Wires (not 
shoWn) extending through cable 60 and housing 58 for pro 
viding electrical communication betWeen the electrical 
source and cryosurgical probes 50. 
[0083] Preferably, housing 58 includes a pre-cooling ele 
ment, generally designated as 61, for pre-cooing the high 
pressure gas ?oWing to cryosurgical probes 50. Preferably, 
pre-cooling element 61 is a Joule-Thomson cooler, including 
a tubular member 48 received Within a chamber 49, tubular 
member 48 including an ori?ce 59 for passage of high pres 
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sure gas therethrough, so as to cool chamber 49, thereby 
cooling the gas ?owing through tubular member 48 into 
manifold 55. 
[0084] Attention is noW draWn to FIG. 3, Which presents an 
alternative con?guration of a pre-cooling element 61 accord 
ing to the methods of prior art, Wherein tubular member 48 is 
in the form of a spiral tube Wrapped around a cylindrical 
element 47, so as to increase the area of contact betWeen 
tubular member 48 and the cooling gas in chamber 49. 
[0085] According to yet another con?guration (not shoWn), 
housing 58 includes a ?rst tubular member for supplying a 
?rst high pressure gas to manifold 55, and a second tubular 
member for supplying a second high pressure gas to pre 
cooling element 61. Any combination of gases may be used 
for cooling and/or heating the gases ?oWing through such 
tubular members. 
[0086] Alternatively, a cryogenic ?uid such as liquid nitro 
gen may be used for pre-cooling the gas ?oWing through 
housing 58. Alternatively, an electrical pre-cooling element 
may used for pre-cooling the gas. 
[0087] Preferably, thermal sensors (not shoWn) may be 
located Within cable 60 and manifold 55 for measuring the 
temperature of gas ?oWing therethrough. 
[0088] Attention is noW draWn to FIGS. 4-6, Which present 
a prior art method and apparatus utiliZing an imaging device 
to form a three-dimensional grid of the patients treated organ, 
e.g., prostate, the three dimensional grid serves for providing 
information on the three dimensional shape of the organ. 
Each of a set of cryosurgical probes is then inserted to a 
speci?c depth Within the organ according to the information 
provided by the grid. 
[0089] FIG. 4 is a simpli?ed schematic of an apparatus 
comprising an ultrasound probe and a guiding element for 
guiding insertion of a plurality of cryoprobes into a patient’s 
body, according to the methods of prior art. 
[0090] As shoWn in FIG. 4, an ultrasound probe 130 is 
provided for insertion into the patient’s rectum, ultrasound 
probe 130 being received Within a housing element 128. A 
guiding element 115 is connected to housing element 128 by 
means of a connecting arm 126. As shoWn, guiding element 
115 is in the form ofa plate 110 having a net ofapertures 120, 
each aperture serves for insertion of a cryosurgical probe 
therethrough. Preferably, the distance betWeen each pair of 
adjacent apertures 120 is betWeen about 2 millimeters and 
about 5 millimeters. 
[0091] Attention is noW draWn to FIG. 5, Which is a sim 
pli?ed schematic shoWing a method of use of the apparatus 
presented in FIG. 4. 
[0092] As shoWn in FIG. 5, ultrasound probe 130 is intro 
duced to a speci?c depth 113 Within the patients rectum 3. A 
net of marks 112 is provided on the obtained ultrasound 
image 114, the net of marks 112 on image 114 being accu 
rately correlated to the net of apertures 120 on guiding ele 
ment 115. 

[0093] Thus, marks 112 on image 114 sign the exact loca 
tions of the centers of ice-balls Which may be formed at the 
end of the cryosurgical probes inserted through apertures 120 
to the patient’s prostate 2, Wherein image 114 relates to a 
speci?c depth of penetration 113 of the cryosurgical probes 
into the prostate 2. 
[0094] As shoWn in FIG. 5, ultrasound probe 130 is gradu 
ally introduced to various depths 113 of rectum 3, thereby 
producing a set of images 114, Wherein each image relates to 
a respective depth of penetration into the prostate 2. Thus, 
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each of images 114 relates to a speci?c plane perpendicular to 
the axis of penetration of the cryosurgical probes. 
[0095] The set of images 114 provides a three dimensional 
grid of the prostate. Such three-dimensional grid is then used 
for planning the cryosurgical procedure. 
[0096] For example, the introduction of a cryosurgical 
probe along a given axis of penetration to a ?rst depth may 
effectively destroy a prostatic tissue segment, While introduc 
tion of the probe to a second depth may severely damage the 
prostatic urethra. 
[0097] Since the ice-ball is locally formed at the end of the 
cryosurgical probe, each probe may be introduced to a spe 
ci?c depth so as to locally provide an effective treatment to a 
limited portion of the pro state While avoiding the damaging of 
non-prostatic or prostatic tissues located at other depths of 
penetration. 
[0098] Attention is noW draWn to FIG. 6, Which is a sim 
pli?ed schematic presenting a further step in the use of the 
apparatus presented in FIG. 4, according to the methods of 
prior art. 
[0099] FIG. 6 shoWs the insertion of an operating tip 52 of 
a cryosurgical probe 50 through an aperture of guiding ele 
ment 115 into the prostate 2 of a patient. 
[0100] Preferably, a plurality of cryosurgical probes are 
sequentially inserted through apertures 120 of guiding ele 
ment 115 into the patient’s prostate, Wherein each probe is 
introduced to a speci?c depth, thereby providing substantially 
local effective treatment to distinct segments of the prostatic 
tissue While avoiding the damaging of other prostatic or non 
prostatic tissue segments. 
[0101] Preferably, each of the cryosurgical probes includes 
a scale for indicating the depth of penetration into the pros 
tate. 

[0102] Thus, it may be seen that the prior art apparatus and 
methods presented by FIGS. 1-6 enable diagnostic mapping 
of areas to be treated Within a prostate, and further enable 
guiding a plurality of cryogenic probes into a prostate in such 
a manner that the cryogenic probes are placed according to 
the planned treatment areas so mapped. 
[0103] Preferred embodiments of the present invention 
may noW be described, utiliZing the exemplary context of the 
prior art apparatus and methods described hereinabove and 
presented in FIGS. 1-6. It is noted, hoWever, that the afore 
mentioned prior art context is here described for exemplary 
purposes only. The invention disclosed herein is not limited to 
the exemplary context. In particular, alternative methods of 
diagnostic mapping may be utiliZed, such as x-ray mapping, 
CT mapping With or Without use of a contrast medium, MRI 
mapping, ultrasound mapping not utiliZing the anal probe 
described above, and others. Cryoprobes dissimilar to cryo 
probe 50 presented in FIG. 1 may be utiliZed in embodiments 
of the present invention, on condition that they are capable of 
cooling tissues to cryoablation temperatures. Apparatus and 
methods other than those depicted in FIGS. 3-6 may be uti 
liZed to accurately deliver one or more cryoprobes to a 
selected locus for cryoablation of tissues thereat, and to accu 
rately deliver one or more heating probes to selected locations 
for protecting healthy tissue from freeZing, as Will be 
explained hereinbeloW. 
[0104] Attention is noW draWn to FIG. 7, Which is a sche 
matic representation of a prostrate treatment apparatus 
according to a preferred embodiment of the present invention. 
[0105] FIG. 7 is similar to FIG. 6 in all respects, Which the 
exception of the presence of a heating probe 220 in addition to 
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cooling probes 50. Heating probe 220 may be passed through 
guiding element 115 into a planned location in or near the 
prostate or other organ, Where it may be used to heat tissues 
during cryoablation procedures. Thus, While cryoprobes 50 
are cooled to cryoablated pathological tissues, heating probes 
220 may be heated to protect nearby tissues from the destruc 
tive effects of cooling induced by cryoprobes 50. 
[0106] Structurally, heating probes 220 may be similar or 
identical to cryoprobes 50 of FIG. 1 and to probes 50 of FIG. 
2, and yet be differentiated by the fact that Whereas cooling 
probes 50 are connected to a supply of cooling gas and use 
J oule-Thomson cooling to cool their operating heads to 
cryoablation temperatures, heating probes 220 are connected 
to a supply of heating gas and utiliZe J oule-Thomson heating 
to heat probes 220 during the surgical procedure, thereby 
protecting tissues in their vicinity from damage from cooling 
induced by cooling probes 50. 
[0107] In alternate con?gurations, heating probes 220 may 
be heated by How of pre-heated ?uids, by electrical resistance 
heating, by microWave heating, by radio frequency heating, 
or by any other convenient form of heating. Yet, in a particu 
larly preferred embodiment, identical probes connectable 
both to a cooling gas supply and to a heating gas supply may 
be utiliZed as cooling probes 50 in a ?rst context, and as 
heating probes 220 in a second context. For example, a same 
probe may be utiliZed as cooling cryoprobes 50 at a ?rst depth 
of penetration, and as heating probe 220 at a second depth of 
penetration. 
[0108] Attention is noW draWn to FIG. 8, Which is another 
simpli?ed schematic representation of a prostrate treatment 
apparatus according to a preferred embodiment of the present 
invention. FIG. 8 is similar to FIG. 7, but additionally presents 
a thermal sensor unit 222, Which may comprise a thermo 
couple 224. Thermal sensor unit 222 is shoWn having been 
placed betWeen cryoprobes 50 and heating probes 220 in the 
prostate 2 of a patient, Where it may be used to monitor 
temperature changes resulting from cooling of probes 50 and 
heating of probes 220. Data from thermal sensor unit 222, and 
from thermal sensors Within probes 50 and 220, may be 
monitored by a control module 223, Which may be operable to 
control heating of probes 220 and cooling of probes 50, based 
on data received from these thermal sensors, under algorith 
mic control. 

[0109] Attention is noW draWn to FIG. 9, Which is a sim 
pli?ed ?oW-chart of a recommended procedure for cryoabla 
tion of a portion of an organ, such as a tumor of a prostate. At 
step 300, an operator utiliZes an imaging modality to image a 
pro state to be treated. Step 3 00 may be accomplished utiliZing 
the anal ultrasound probe and methodology described by 
SchatZberger. Alternatively, other forms of ultrasound imag 
ing, x-ray imaging, CT imaging (With or Without use of con 
trast medium), MRI imaging, or yet other medical imaging 
modalities may be used to provide information concerning 
the prostate to be treated. 
[0110] According to an embodiment of the present inven 
tion, utiliZation of the images gleaned from step 300 is tWo 
fold. At step 310, the images created at step 300 are inspected 
to determine the locus of the pathological tissues to be cryoa 
blated is obtained, as described by SchatZberger. (Preferably, 
a three-dimensional mapping of the treatment locus is cre 
ated.) At step 320, the images created at step 300 are further 
inspected and the position of the neurovascular bundles, or 
the position of other tissue Which the surgeon desires to 
protect, is similarly determined and mapped. 
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[0111] At step 330, a guiding element such as guiding 
element 115 of FIG. 6 is used to guide cooling probes such as 
cooling probe 50 of FIG. 6 to the treatment locus found at step 
310. 
[0112] At step 340, a guiding element is similarly utiliZed 
to guide one or more heating probes 220 to the vicinity of the 
neurovascular bundles, or to the vicinity of other tissues 
Which the surgeon desires to protect. 
[0113] At optional step 350, a guiding element such as 
guiding element 115 may be used to place thermal sensor 
units 222 in intermediate positions betWeen the desired locus 
of cryoablation and the position of the neurovascular bundle, 
or the position of other tissue Which an operator desires to 
protect. Output from thermal sensors may then be monitored, 
at step 370 beloW. 
[0114] At step 360, the surgeon operates cooling probes 50 
to cool the pathological tissues to cryoablation temperatures, 
thereby cryoablating those pathological tissues, and also 
heats the heating probes placed in step 340, thereby protect 
ing the neurovascular bundles or other selected tissues Which 
the surgeon desires to protect. 
[0115] At step 370, thermal sensors in cooling probes 50 
and in heating probes 220 may be used to monitor the cooling 
of probes 50 and the heating of probes 220, Which cooling and 
heating may be adjusted according to the data returned by 
these thermal sensors, thereby facilitating the adjustment of 
the cooling/heating process so as to optimiZe cryoablation 
While ensuring that the neurovascular bundle, or other pro 
tected tissues, are neither cooled to destructive temperatures, 
nor exposed to excessive heating. If external thermal sensors 
Were placed in optional step 350, these too may be monitored 
to determine the temperature at a point or points betWeen the 
cryoablation locus and the position of the protected tissue, 
and cooling of cooling probes 50 and heating of heating probe 
220 may be adjusted accordingly, to optimiZe the desired 
effect. 
[0116] Additionally, at step 370, imaging modalities such 
as ultrasound may be used to monitor the progression of 
freeZing in the cryoablation process, and in particular to 
monitor the siZe and position of ice-balls formed around the 
operating heads of cooling probes 50, and in particular to 
monitor the effectiveness of the heating provided by heating 
probes 220 in limiting the progression of formation of ice 
balls (frozen tissue areas) in the vicinity of the neurovascular 
bundle or other protected areas. 

[0117] Control of cooling of cooling probes 50 and heating 
of heating probes 220 may be managed manually by a sur 
geon based on monitoring images and data from thermal 
sensors in or near the probes. Alternatively, control of the 
heating and cooling of the probes may be managed by control 
unit 223, based on data received electronically from the ther 
mal sensors, under algorithmic control. 
[0118] Attention is noW draWn to FIG. 10, Which presents a 
simpli?ed schematic representation of a prostrate treatment 
apparatus according to an additional preferred embodiment 
of the present invention. 
[0119] FIG. 10 presents a probe 300 Whose position With 
respect to the patient’s anatomy creates particular require 
ments, Which probe 300 is designed to satisfy. It is to be noted 
that a distal portion 320 of probe 300 is placed Within prostate 
2, and may be thought of as being located in a region Whose 
cryoablation is desired. Shaft portion 312 of probe 300, hoW 
ever, is adjacent to the patient’s neurovascular bundle, Which 
it is desired to be protected from freeZing during cryoablation 
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of the tissues surrounding distal portion 320. An optimal 
solution to the situation depicted in FIG. 10 requires that 
probe 300 be operable to cool distal portion 320, yet that 
tissues near shaft 312 be protected from freezing. FIGS. 
11-13 present designs for a probe 300 that satis?es this 
requirement. 
[0120] Attention is noW draWn to FIG. 11, Which is a sim 
pli?ed schematic of a cryoprobe having a cryogenic treatment 
head and a heatable shaft, according to an embodiment of the 
present invention. 
[0121] FIG. 11 presents a cryoprobe 350 having a distal 
portion 320 implemented as a cryogenic operating tip 52, 
similar to that presented in FIG. 1 and discussed hereinabove. 
Probe 350 comprises a gas input passageWay 78 operable to 
transport cooling gas, through a heat exchanging con?gura 
tion 301, to a Joule-Thomson ori?ce 80 in operating tip 52, for 
cooling operating tip 52 as described With respect to FIG. 1. 
Expanded gas from operating tip 52 is exhausted through 
exhaust passageWay 96. Probe 350 of FIG. 11 is distinguished 
from probe 50 of FIG. 1, hoWever, by the presence of an 
electrical or electronic heating element 352 located in the 
proximal shaft portion 312 of probe 350. Heating element 352 
may be implemented as an electrical heater resistance ele 
ment 354, as a radio frequency heating element 356, as a 
microWave heating element 358, or as any other form of 
electrically poWered heater. Probe 350 is thus operable to 
satisfy the requirements discussed above With respect to FIG. 
10, in that operating tip 52 may be cooled to cryoablation 
temperatures, While shaft 312, corresponding to proximal 
portion 310 of probe 300 FIG. 10, is heated by heating ele 
ment 352. Heating of element 352 protects tissues outside 
shaft 312 from being froZen by cold exhaust gasses in exhaust 
passageWay 96. Heating element 352 also protects tissues 
outside shaft 312 from freeZing When tissues surrounding 
operating tip 52 are cooled to cryoablation temperatures. 
[0122] Attention is noW draWn to FIG. 12, Which is a sim 
pli?ed schematic of an alternative construction of cryoprobe 
300, having a cryogenic treatment head and a heatable shaft, 
according to an embodiment of the present invention. 

[0123] FIG. 12 presents a cryoprobe 370 having a distal 
portion 320 implemented as a cryogenic operating tip 52, 
similar to that presented in FIG. 1 and in FIG. 11, and dis 
cussed hereinabove. Probe 370 comprises a gas input pas 
sageWay 78 operable to transport cooling gas, through a heat 
exchanging con?guration 301, to a Joule-Thomson ori?ce 80 
in operating tip 52, for cooling operating tip 52 as described 
With respect to FIG. 1. Expanded gas from operating tip 52 is 
exhausted through exhaust passageWay 96. Probe 370 of FIG. 
12 is distinguished from probe 350 of FIG. 11, hoWever, in 
that shaft 312 of probe 370 is operable to be heated by a ?uid 
heating process. 
[0124] In one embodiment, pre-heated ?uid may be sup 
plied to probe 370 through input passageWay 372, Where it 
heats a portion of shaft 312 and is subsequently exhausted 
through exhaust passageWay 376. Exhaust passageWay 376 is 
preferably formed as a volume surrounding internal portions 
of shaft 312 that contain, in passageWays 78 and 96, cold 
gasses transported to and from operating tip 52. Exhaust 
passageWay 376 is also preferably formed so as to be con 
tiguous to outer Wall 313 of shaft 312. Preferably, an insulat 
ing material (not shoWn) is interposed betWeen exhaust pas 
sageWay 376 and internal portions of shaft 312 such as 
cooling gas input passageWay 78 and cooling gas evacuation 
passageWay 96. 
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[0125] In a preferred embodiment utiliZing ?uid heating, a 
portion of shaft 312 of probe 370 is heatable by Joule-Thom 
son heating. Input passageWay 372 is connectable to a source 
of compressed heating gas. Input passageWay 372 transports 
compressed heating gas to a Joule-Thomson ori?ce 374. 
Compressed heating gas passing through ori?ce 374 expands 
into exhaust passageWay 376, heats, and thereby heats outer 
Wall 313 of shaft 312, Heated expanded heating gas is then 
exhausted from shaft 312 through exhaust passageWay 376. 

[0126] Probe 370 is thus operable to satisfy the require 
ments discussed above With respect to FIG. 10, in that oper 
ating tip 52 may be cooled to cryoablation temperatures, 
While shaft 312 is heated by expanding heating gas from 
Joule-Thomson ori?ce 374. Heating of shaft 312 protects 
tissues around shaft 312 both from cold exhaust gasses in 
exhaust passageWay 96, and from cold induced by the cryoa 
blation temperatures induced in tissues surrounding operat 
ing tip 52. 
[0127] Attention is noW draWn to FIG. 13, Which is a sim 
pli?ed schematic of a cryoprobe 300 having an insulated 
shaft, according to an embodiment of the present invention. 

[0128] FIG. 13 presents a cryoprobe 380 having a distal 
portion 320 implemented as a cryogenic operating tip 52, 
similar to that presented in FIG. 1 and in FIGS. 11 and 12, and 
discussed hereinabove. Probe 380 comprises a gas input pas 
sageWay 78 operable to transport cooling gas, through a heat 
exchanging con?guration 301, to a Joule-Thomson ori?ce 80 
in operating tip 52, Where it may be used to cool operating tip 
52 as described hereinabove With respect to FIG. 1. Expanded 
gas from operating tip 52 is exhausted through exhaust pas 
sageWay 96. Probe 370 of FIG. 13 is distinguished from probe 
50 of FIG. 1, hoWever, in that shaft 312 of probe 380 com 
prises an insulating element 382 Which serves to insulate the 
outer surface 384 of shaft 312 from cold temperatures 
induced in the Walls of gas exhaust passageWay 96 by cold 
expanded cooling gasses passing therein. Insulating element 
382 is preferably implemented as a vacuum-containing 
sheath 386 extending along at least a portion of shaft 312. 

[0129] Probe 380 is thus operable to satisfy the require 
ments discussed above With respect to FIG. 10, in that oper 
ating tip 52 may be cooled to cryoablation temperatures, 
While external surfaces of shaft 312 are not substantially 
cooled by the cold cooling gasses, cooled by expansion in 
operating tip 52, Which pass therein after cooling operating 
tip 52. 
[0130] Attention is noW draWn to FIG. 14, Which is a sim 
pli?ed schematic of a system 400 for cryoablation, Which 
system comprises a plurality of cryoprobes 410, each oper 
able to cool a portion of a cryoablation target to cryoablation 
temperatures. At least some of cryoprobes 410 are cryoprobes 
420 comprising shafts designed and constructed to protect 
tissues adjacent to those shafts from damage Which Would 
otherWise be caused by cold induced by ?oW of cold exhaust 
gases Within those shafts. In a preferred embodiment of sys 
tem 400, a cryoprobe placement mechanism 430 is imple 
mented as a template similar to that presented hereinabove 
With particular reference to FIGS. 4-6. Cryoprobes 410 are 
preferably cooled by Joule-Thomson cooling, utiliZing cool 
ing gas provided by a gas source 440. Gas source 440 may be 
implemented as a manifold such as that presented in FIG. 2 
and described hereinabove. Alternatively, gas source 440 may 
be a gas source designed and constructed to provide individu 
aliZed control of supply of cooling gas to each cryoprobe 410. 
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[0131] In system 400, cryoprobes 420 are preferably imple 
mented as probes 350, or as probes 370, or as probes 380, or 
as a combination thereof. If probes 370 are used, a heating 
?uid source 450 provides heating ?uid to shaft portions of 
probes 350. Preferably heating ?uid source 450 is a heating 
gas source 460 providing heating gas to probes 350, Which 
heating gas, When expanded, provides Joule-Thomson heat 
ing in shafts of probes 350 as described hereinabove. Prefer 
ably, supply of heating ?uid to probes 350 is individually 
controlled. 

[0132] If system 400 is implemented utiliZing probes 350, 
electrical poWer from an electrical poWer source (not shoWn) 
is used to provide poWer to shaft heaters Within probes 370. 

[0133] It is to be noted that probes 350, 370, and 380 
present particular advantages When used in a context requir 
ing a dense array of cryoprobes utiliZed for simultaneous 
cooling of diverse portions of a cryoablation target. Thus, 
system 400 is operable to enable use of a dense array of 
cryoprobes, operated to produce intense and rapid cooling 
throughout a prostate or other cryoablation target, While yet 
protecting tissues adjacent to shafts of deployed cryoprobes. 
Thus system 400 enables a clinical treatment methodology 
for prostate and similar cancers, the advantages of Which 
Were discussed in the background section hereinabove. 

[0134] 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. 
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[0135] 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.All publications, patents and patent applications men 
tioned in this speci?cation are herein incorporated in their 
entirety by reference into the speci?cation, to the same extent 
as if each individual publication, patent or patent application 
Was speci?cally and individually indicated to be incorporated 
herein by reference. In addition, citation or identi?cation of 
any reference in this application shall not be construed as an 
admission that such reference is available as prior art to the 
present invention. 
What is claimed is: 
1. A method for protecting at least a portion of a neurovas 

cular bundle While cryoablating tissues of a prostate, com 
prising 

(a) positioning an operating tip of a cryoprobe in a vicinity 
of pathological tissue Within a prostate; 

(b) positioning a heating probe in a vicinity of a neurovas 
cular bundle; and 

(c) heating said heating probe While cooling said operating 
tip of said cryoprobe to cryoablation temperatures, 
thereby cryoablating pathological tissue near said oper 
ating tip While preventing freeZing of tissue of said neu 
rovascular bundle near said heating probe; 

thereby preventing damage to at least a portion of said neu 
rovascular bundle. 


