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CRYOSURGICAL METHOD FOR ENDOMETRIAL 
ABLATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation patent application of co 
pending US. patent application Ser. No. 09/181,114, ?led on 
Oct. 28, 1998, and entitled “Cryosurgical Probe and Method 
for Uterine Ablation”, Which is a continuation-in-part patent 
application of US. patent application Ser. No. 08/774,148, 
?led on Dec. 26, 1996, and entitled “Cryosurgical Probe 
With Disposable Sheath”, now US. Pat. No. 5,910,104. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention is in the ?eld of cryosurgical 
probes used for freezing and thereby destroying endometrial 
tissues Within the uterus of a female patient. 

[0005] 2. Background Information 

[0006] AJoule-Thomson refrigeration system operates by 
expanding a high pressure gas through an expansion element 
Which incorporates some sort of a How restriction. The How 
restriction might be a small ori?ce, a narroW capillary tube, 
or some other sort of restricted passageWay. Typically, the 
refrigeration system includes a source of high pressure gas, 
a heat exchanger, an expansion element, a heat transfer 
element, and various tubes or conduits to conduct the gas 
from one component to another. The high pressure gas 
passes through the heat exchanger to loWer the gas tempera 
ture someWhat, then the gas temperature is further loWered 
in the expansion element, as isenthalpic expansion occurs. 
The expanded, cooled gas is exposed to the heat transfer 
element, Where the gas absorbs heat Which has been trans 
ferred from the environment. The operation of a Joule 
Thomson refrigeration system can be severely affected by 
contaminants in the gas, such as Water, oil, or particulates. 
Any such contaminant can easily block the How restriction 
in the expansion element, because the How restriction is 
typically very small. 

[0007] Water and oil are particularly detrimental contami 
nants, because they Will selectively collect at the How 
restriction, Where the majority of the cooling occurs. As the 
gas expands and cools, the temperature of entrained Water 
and oil also loWers, resulting in the freeZing or solidi?cation 
of the Water and oil. This solidi?cation occurs exactly at the 
How restriction, because that is Where the cooling actually 
occurs. Water and oil, at least in trace amounts, are often 
found in ambient air, and they can consequently be intro 
duced into the refrigeration system if any system joints are 
broken or any system parts are replaced. 

[0008] Most Joule-Thomson systems are open loop, mean 
ing that the gas is exhausted to the atmosphere after expan 
sion and heat absorption. The source of the high pressure gas 
in such a system is usually a high pressure gas cylinder. As 
use proceeds, the amount of gas in the cylinder is depleted. 
An open loop system such as this can tolerate a certain 
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amount of contamination, because the contaminants are 
exhausted from the system to the environment along With 
the gas, during use. If any contamination is introduced into 
the system during the replacement of parts, or When system 
joints are broken for other reasons, the contamination is 
largely ?ushed out as the gas is subsequently exhausted. 

[0009] HoWever, it is possible to operate a closed loop 
Joule-Thomson system, meaning that the gas is repressur 
iZed and circulated after expansion. After expansion in the 
expansion element, exposure to the heat transfer element, 
and absorption of heat, the loW pressure gas is returned to a 
compressor Which can be used to repressuriZe the gas. The 
repressuriZed gas is then circulated back through the heat 
exchanger and the expansion element. None of the gas is 
exhausted from the system. Therefore, any contaminants 
Which enter the system are collected in the system, Where 
they accumulate over a period of time. The level of con 
tamination can eventually build up to a level Where solidi 
?cation of the Water and oil Will plug the expansion element. 
A method and apparatus have been developed for operating 
a micro-miniature mixed-gas Joule-Thomson refrigeration 
system, as disclosed in US. patent application Ser. No. 
08/542,123, ?led Oct. 12, 1995, and US. patent application 
Ser. No. 08/698,044, ?led Aug. 15, 1996, Which are incor 
porated herein for reference. If such a mixed-gas is used, 
especially in a miniature or micro-miniature refrigeration 
system, the introduction of air into the system alters the gas 
mixture ratios, and it can signi?cantly detract from the 
cooling performance of the gas mixture. 

[0010] For these reasons, closed loop Joule-Thomson sys 
tems are often permanently sealed, to prevent the introduc 
tion of contaminants. Replacement of parts, or other break 
ing of system joints, is not possible in a permanently sealed 
system. Some systems use self sealing couplings, Which 
automatically close the system When they are broken apart. 
This automatic sealing limits the amount of leakage and 
contamination, but some contamination still occurs. Typi 
cally, the couplings used in a closed loop system are 
threaded ?ttings Which are not designed for repetitive dis 
connection. 

[0011] The contamination problem becomes more com 
plicated in a closed loop mixed-gas Joule-Thomson refrig 
eration system Which is used in a surgical device, such as a 
cryosurgical probe. Such a device Will typically have a 
compressor hooked to the probe, With the probe consisting 
essentially of a handle, a cannula, and a cold tip. The heat 
exchanger is typically located in the handle, and the expan 
sion element is typically located in the cold tip. The probe 
cannula or cold tip must be interchangeable With various 
shapes, such as ?at, cylindrical, or sharp edged, to perform 
different functions. Further, the cold tip must be capable of 
being steriliZed for use in a surgical application, to alloW 
repeated use of the system on different patients. 

[0012] KnoWn cryosurgical probes are open loop systems 
for this reason. In an open loop system, the cannula or cold 
tip can be removed and steriliZed or discarded. Introduction 
of contaminants into the refrigeration system during removal 
and replacement of the cannula or cold tip is not a signi?cant 
problem in an open loop system, since the contaminants can 
be ?ushed from the system during exhaust of the gas. Open 
loop systems are Wasteful and expensive to operate, because 
of the necessity of continually replacing the gas. Also, 



US 2001/0035189 A1 

exhaust of the gas to the environment is not always envi 
ronmentally safe. Closed loop systems are more economical 
and environmentally safe. If a knoWn closed loop system 
Were used in a surgical application, removal and replace 
ment of the cannula or cold tip for steriliZation purposes 
Would introduce contaminants into the system, ultimately 
resulting in blockage of the expansion element. A closed 
loop surgical system could theoretically be provided With 
self sealing couplings, but contamination Would still build 
up over a period of time. Further, self sealing couplings 
incorporate 0-rings and precision parts. Sterilization of the 
cannula or cold tip Would inevitably expose the O-rings and 
precision parts to high temperatures and harsh chemicals, 
ultimately resulting in degradation of the sealing ability of 
the couplings. 

[0013] Use of disposable replacement cannulas or cold 
tips Would not solve this dilemma. First, even if the replace 
able parts are discarded and replaced With neW, sterile parts, 
repetitive disconnections are required, ultimately resulting 
in the buildup of contaminants. Second, most disposable 
parts are constructed of plastic, for reasons of economy. 
Plastics typically contain trace amounts of Water. If a plastic 
part is exposed to the gas in a refrigeration system, the Water 
can eventually leech out of the plastic and contaminate the 
gas in the system. Third, self sealing ?ttings typically add 
siZe, Weight, and signi?cant cost to a device, making them 
undesirable for use in a disposable device. Fourth, each time 
a disposable element, such as a cannula or cold tip, is 
discarded, the refrigerant gas contained Within the dispos 
able element is lost. This requires replacement of the gas to 
avoid degradation of the cooling performance of the system. 
Evacuation of gas from the disposable component, or use of 
replacement components precharged With gas, Would sig 
ni?cantly add to the complexity and cost of the system. 

[0014] Further, a typical cryosurgical probe Will have one 
or more auxiliary instruments near the cold tip, for use in 
conjunction With the cold tip, such as temperature sensors, 
heaters, ultrasound transducers, optical elements, and ?uid 
ports for irrigation and aspiration. If a reusable probe is 
employed, repetitive steriliZation of these auxiliary instru 
ments can degrade their performance. The ideal practice 
Would be to incorporate these auxiliary instruments into a 
disposable element. 

[0015] Finally, it is desirable to insulate the shaft of a 
cryosurgical probe, to prevent freeZing of tissue at undesired 
sites along the probe When the probe is inserted into a body 
cavity or organ. One effective means of insulation Would be 
to provide a vacuum space along the probe shaft. HoWever, 
the level of the vacuum maintained in such a space can 
degrade over time, because of the outgassing of metals, 
plastics, and braZe joints. This outgassing increases during 
steriliZation procedures in Which heat is applied to the probe. 
Therefore, it Would be desirable to incorporate the vacuum 
insulation space into a disposable element. The disposable 
element Would only be steriliZed once, and the disposable 
element can then be economically discarded, minimiZing the 
amount of vacuum degradation. 

[0016] Further, it has been found that certain methods of 
use of a cryosurgical probe can be more effective than 
others. In the clinical use of a cryosurgical probe, important 
features of the method are the exact positioning of the probe 
in-vivo, and the sequencing of the various functions of 
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Which the probe may be capable. While the temperature and 
How rate of mixed gas maintained at the probe tip establish 
the siZe and temperature gradient of the ice ball formed, 
Which determines the total volume of tissue froZen and 
destroyed, probe positioning during tissue freeZing deter 
mines the total effective area coverage. Depending upon the 
particular shape and siZe of the tissue area being treated, 
repositioning may be required to achieve optimal area 
coverage and ensure complete tissue ablation. Repositioning 
technique becomes an important feature in ensuring com 
plete tissue area coverage. This is particularly true in the 
cryoablation of tissue in the endometrium of the uterus. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The present invention is a method for ablation of 
endometrial tissue and a cryosurgical probe for use in the 
method, Which can incorporate a disposable, steriliZable 
sheath, a heater, and a saline irrigation ?oW path. The sheath 
is suf?ciently ?exible to be slipped over the probe, thereby 
separating the probe from the environment and alloWing use 
of the probe in a surgical application. The sheath has a grip 
Which ?ts snugly over the handle of the cryosurgical probe, 
and an extendible shroud attached to the proximal end of the 
grip. The shroud can be longitudinally extended to cover the 
refrigerant tubing and instrumentation cables Which are 
attached to the handle, thereby providing a sterile barrier for 
these components. 

[0018] The sheath also has a holloW multi-lumen catheter 
attached to the distal portion of the grip, With at least one 
lumen being shaped and siZed to ?t snugly over the cannula 
of the cryosurgical probe. The catheter is not thermally 
conductive, so it assists in preventing transfer of heat from 
the ambient to the gas mixture, and preventing the freeZing 
of tissues at undesired locations along the catheter. Thermal 
conductivity of the catheter can be reduced by the provision 
of insulation, such as a vacuum space, along the sides of the 
catheter. A thermally conductive segment is attached to the 
distal end of the multi-lumen catheter, in the form of a metal 
cap or tip. The metal tip can be round, ?at, sharp, or any 
other shape suitable for the cryosurgical operation being 
performed. The thermally conductive cap or tip ?ts snugly 
over the cold tip on the probe, and it efficiently transfers heat 
from the target tissue to the cold tip, Which in turn transfers 
heat to the expanded gas mixture. Various forms of auxiliary 
instrumentation can be mounted on the catheter or conduc 

tive tip, such as a temperature sensor, a heater, a tissue 
impedance measuring component, an ultrasonic transducer, 
or an optical element of a vieWing, illumination, or laser 
system. Connections betWeen the instrumentation near the 
distal end of the catheter and the probe are made via a 
plurality of lumens passing longitudinally through the Wall 
of the catheter. Fluid passageWays can also be included in 
the catheter, and they can be connected to ?uid sources 
connected to, or mounted on the sheath, such as a saline 
reservoir mounted on the grip of the sheath. These ?uid 
passageWays can be utiliZed as explained beloW to supply 
irrigating ?uid, such as a saline solution, to the vicinity of 
the cold tip, to aid in releasing the cold tip from the ice ball 
When repositioning of the probe is necessary. As an alter 
native to provision of ?uid passageWays in the sterile sheath, 
such passageWays can be provided in the probe itself, 
Without departing from the spirit of the present invention. 

[0019] The method of the present invention also incorpo 
rates the placement of the probe at certain locations Within 
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the uterus, depending upon the size of the uterus, With 
certain sequencing of the functions of the probe to insure 
complete freezing of the target tissue. 

[0020] The novel features of this invention, as Well as the 
invention itself, Will be best understood from the attached 
drawings, taken along With the folloWing description, in 
Which similar reference characters refer to similar parts, and 
in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is an elevation vieW of a cryosurgical probe 
of the type Which might be used in the present invention; 

[0022] FIG. 2A is an elevation vieW of a disposable 
sheath; 
[0023] FIG. 2B is an elevation vieW of an alternative 
embodiment of the disposable sheath; 

[0024] FIG. 2C is a distal end vieW of the alternative 
embodiment of the disposable sheath shoWn in FIG. 2B; 

[0025] FIG. 3 is an elevation vieW of a disposable sheath 
in place over a cryosurgical probe; 

[0026] FIG. 4 is a schematic vieW of a cryosurgical probe 
as shoWn in FIG. 1; 

[0027] FIG. 5 is a section vieW of the proximal portion of 
the disposable sheath as shoWn in FIG. 2A; 

[0028] FIG. 6 is a distal end vieW of the cryosurgical 
probe as shoWn in FIG. 1; 

[0029] FIG. 7 is an elevation vieW of the proximal portion 
of the disposable sheath of FIG. 1, With the shroud furled; 

[0030] FIG. 8 is a section vieW of the proximal portion of 
the disposable sheath of FIG. 7, With the shroud furled; 

[0031] FIG. 9 is a longitudinal section vieW of the proxi 
mal portion of the connector body of the disposable sheath; 

[0032] FIG. 10 is a longitudinal section vieW of the distal 
portion of the connector body of the disposable sheath; 

[0033] FIG. 11 is a transverse section vieW of the distal 
portion of the connector body of the disposable sheath; 

[0034] FIG. 12A is a transverse section vieW of the 
catheter of the disposable sheath installed on the cannula of 
the cryosurgical probe; 

[0035] FIG. 12B is a transverse section vieW of an alter 
nate embodiment of the catheter of the disposable sheath, 
including a vacuum jacket, installed on the cryosurgical 
probe; 

[0036] FIG. 13 is an elevation vieW of the distal end of the 
catheter of the disposable sheath; 

[0037] FIG. 14 is a longitudinal section vieW of the distal 
end of the catheter of the disposable sheath; 

[0038] FIG. 15 is a schematic vieW of the cryosurgical 
probe positioning used in the midline freeZe technique, 
according to the present invention; 

[0039] FIG. 16 is a schematic vieW of one position of the 
cryosurgical probe, as used in the angled freeZe technique, 
according to the present invention; and 
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[0040] FIG. 17 is a schematic vieW of another position of 
the cryosurgical probe, as used in the angled freeZe tech 
nique, according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The present invention addresses the use of a cryo 
surgical probe in performing a neW procedure for cryoab 
lation of endometrial tissue in the uterus of a female patient. 
Such a cryosurgical probe 10 is shoWn in FIG. 1. The probe 
10 consists mainly of a handle 12, a holloW tubular cannula 
14, and a cold tip 16. The handle 12 can be metallic, to 
facilitate effective sealing. The handle can have end caps 
vacuum braZed to the handle cylinder, to hold a vacuum 
inside the handle 12, thereby providing insulation. Alterna 
tively, the handle 12 could be packed With insulating mate 
rial, such as aerogel. Several components of the refrigeration 
system, such as a heat exchanger, can be housed Within the 
handle 12, along With various auxiliary instrumentation to 
support items such as temperature sensors, heaters, illumi 
nation optics, vieWing optics, laser optics, and ultrasonic 
transducers. An umbilical cord 18 extending from the proxi 
mal portion of the handle 12 can contain tubing for the 
refrigeration system, poWer cables for the electrical compo 
nents, or ?ber optical cables to support the illumination, 
vieWing, and laser components. 

[0042] Other components of the refrigeration system, such 
as a high pressure conduit to transport a high pressure gas 
mixture from the probe handle 12 to the cold tip 16, and a 
loW pressure conduit to return the expanded gas mixture 
from the cold tip 16 to the probe handle 12, can be housed 
in the holloW cannula 14. Still other components of the 
refrigeration system, such as a Joule-Thomson expansion 
element, can be housed in the cold tip 16. The holloW 
cannula 14 is usually designed to minimiZe heat transfer 
from the surrounding tissues to the cryogenic gas mixture. It 
can be formed of a thermally resistive material, such as a 
rigid plastic, or it can be formed of a metal, With insulation 
applied internally or externally to inhibit heat transfer. The 
cannula 14 can be a rigid tube as shoWn, or it can be more 
?exible and shaped differently, depending upon the appli 
cation. The cold tip 16 is a heat transfer element designed to 
maximiZe heat transfer from the target tissues to the 
expanded gas mixture. It can be formed of a thermally 
conductive material, such as a metal, preferably silver. The 
cold tip 16 can be a cap shaped element on the distal end of 
the cannula 14 as shoWn, or it can have another shape and 
be placed elseWhere on the cannula 14, depending upon the 
application. Aplurality of grooves 17 are formed in the cold 
tip 16 to alloW the How of thermal grease as the cold tip 16 
is ?tted inside the disposable sheath. Since the cryosurgical 
probe 10 is used With a closed loop refrigeration system, it 
Will necessarily be sealed to prevent contamination. It may 
have breakable joints Which alloW for replacement of parts, 
but any such joints Will necessarily have sealing components 
Which are not suitable for normal steriliZation procedures. 

[0043] FIG. 2A shoWs a disposable, steriliZable sheath 20 
Which can be disposed over, and thereby incorporated into, 
the probe 10, to alloW use of the probe 10 in a sterile 
environment Without degradation of the effectiveness of the 
probe 10. Since the sheath 20 can be steriliZed easily, and 
since it is constructed cheaply enough to be disposable, the 
probe 10 need not be steriliZed. The disposable sheath 20 
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includes a grip 22 Which ?ts over the probe handle 12, 
preferably With corrugations or other surface features to 
provide a secure feel for the surgeon. An extendible shroud 
23 is attached to or formed on the proximal portion of the 
grip 22. The shroud 23 is shoWn in FIG. 2A in the unfurled, 
or extended, condition, covering the umbilical cord 18 and 
the proximal portion of the probe handle 12. The grip 22 and 
the shroud 23 are constructed of a thermally nonconductive 
material, such as a plastic. They should have some ?exibility 
to alloW them to ?t over the probe handle 12 and the 
umbilical cord 18. The sheath 20 also includes a holloW 
tubular catheter 24 extending distally. The holloW catheter 
24 is shaped and siZed to cover the cannula portion 14 of the 
cryosurgical probe 10, preferably ?tting tightly over the 
probe cannula 14 to avoid interference With use of the probe 
10 in a surgical environment. The holloW catheter 24 is 
constructed of a thermally resistive material, such as a 
plastic, to further inhibit heat transfer from the surrounding 
tissues to the probe cannula 14. 

[0044] Attached to the distal end of the holloW catheter 24 
is a thermally conductive segment, such as a cap shaped tip 
26. The sheath tip 26 is shaped and siZed to ?t snugly over 
the probe cold tip 16, to maximize the transfer of heat 
through the sheath tip 26 to the probe cold tip 16. A thermal 
grease 130 can be placed betWeen the probe cold tip 16 and 
the sheath tip 26, as shoWn in FIG. 14, to insure ef?cient 
heat transfer from the sheath tip 26 to the probe cold tip 16. 
The sheath tip 26 can be a cap shaped element on the distal 
end of the catheter 24 as shoWn, or it can be a thermally 
conductive segment shaped and located otherWise, to match 
the con?guration and location of the probe cold tip 16. The 
thermally conductive segment of the sheath, such as sheath 
tip 26, must be constructed of a material Which Will readily 
transfer heat, such as a metal. All of the components of the 
sheath 20 are attached together in a sealing relationship, so 
that When the sheath 20 is sterile, it covers the probe 10 in 
a sterile envelope, rendering the probe 10 suitable for use in 
a surgical environment. Various auxiliary instruments for 
use in conjunction With cryosurgery can be mounted in the 
holloW catheter 24 or the sheath tip 26, as Will be explained 
beloW. These instruments can include temperature sensors, 
heaters, vieWing optics, illumination optics, laser optics, and 
ultrasonic transducers. Controls for operating these instru 
ments, or devices for displaying readings from these instru 
ments, can be mounted in the probe handle 12 or elseWhere, 
for ease of observation and use by the surgeon. Connections 
betWeen the instrumentation near the sheath tip 26 and the 
control devices in the probe handle 12 or proximal to the 
handle 12 can be carried by the holloW catheter 24 as Will be 
explained. 

[0045] The sheath 20 can also include a substantially rigid 
connector body 28, Which performs several functions. The 
connector body 28 provides a means for connecting the 
holloW catheter 24 to the grip 22. It can also provide a means 
for latching the sheath 20 to the probe 10. Further, the 
connector body 28 can provide a mounting location for 
connectors, such as electrical contacts or optical elements, to 
connect auxiliary instrumentation near the sheath tip 26 to 
the probe handle 12. 

[0046] Finally, the connector body 28 can provide a 
mounting location for a port or ?tting 30, such as a luer 
?tting, Which can be used to provide ?uid ?oW to or from the 
area adjacent the sheath tip 26. Fluid ?oW to the area can be 
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required in some applications Where ?uid such as a saline 
solution must be injected into a body cavity having a small 
opening. An example of such an application is use of the 
probe cannula 14 in the uterus for endometrial ablation. In 
this application, it can be useful to inject a saline solution 
adjacent the cold tip to partially thaW the proximal portion 
of the ice ball and release the cold tip from the ice ball. This 
is also helpful in thaWing the proximal portion of the ice ball, 
thereby alloWing movement of the probe to a neW position 
in the uterus. Fluid ?oW to the area around the tip 26, such 
as a saline solution or another ?uid suitable for irrigation of 
the area, can be provided by a syringe attached to the ?tting 
30. Alternatively, as shoWn in FIGS. 2B and 2C, a pliable 
saline reservoir 25 can be mounted on the grip 22 and 
connected to the ?tting 30 by a tube 27. Squeezing or 
depressing the saline reservoir 25 can inject saline solution 
into the ?tting 30. The injected ?uid can be retained in the 
body cavity by sliding a plug (not shoWn) over the cannula 
14 and the catheter 24 to ?t snugly betWeen the catheter 24 
and the opening of the body cavity. Similarly, a balloon (not 
shoWn) can be in?ated around the catheter 24 to seal against 
the cavity opening. Fluid ?oW from the area around the tip 
26 can be achieved by connecting a vacuum source to the 
?tting 30. Fluid ?oW can pass betWeen the tip area and the 
?tting 30 via the holloW catheter 24, as Will be explained 
beloW. 

[0047] FIG. 2A also shoWs the ?nger stop 32 formed on 
the distal portion of the sheath grip 22, and the ?nger slide 
34 formed on the proximal portion of the connector body 28. 
As Will be shoWn beloW, the ?nger slide 34 can be pulled 
toWard the ?nger stop 32 to unlatch the connector body 28 
from the probe handle 12. 

[0048] FIG. 3 shoWs the combined cryosurgical instru 
ment 40 of the present invention, consisting of the sterile 
sheath 20 disposed over the probe 10 as a sterile cover, 
having a thermally conductive segment for effectively trans 
ferring heat from the target tissue to the cold tip 16 of the 
probe 10. It should be noted that the shroud 23 of the sheath 
20 is suf?ciently ?exible to stretch over the proximal end of 
the probe handle 12 and the umbilical cord 18. 

[0049] FIG. 4 is a schematic draWing of the cryosurgical 
probe 10, in the style of a longitudinal section vieW, to 
illustrate the components and functions of the typical probe 
10 Which can be incorporated into the present invention. A 
high pressure gas tube 36 provides a Warm high pressure gas 
mixture to the refrigeration components in the probe 10, and 
a loW pressure gas tube 38 receives the cool loW pressure gas 
mixture returning from the probe 10. The high pressure and 
loW pressure gas tubing 36, 38 is connected to the outlet and 
inlet, respectively, of a gas compressor 42. The high pressure 
tube 36 is also connected to a high pressure passageWay 
through a precooling heat exchanger 44, and the loW pres 
sure tube 38 is connected to a loW pressure passageWay 
through the heat exchanger 44. The heat exchanger 44 
precools the Warm high pressure gas mixture by heat 
exchange With the cool loW pressure expanded gas mixture, 
before the high pressure gas is expanded at the cold tip 16. 

[0050] A high pressure outlet 46 of the heat exchanger 44 
is connected to a high pressure conduit 48 Which passes 
through the holloW cannula 14 to the cold tip 16. At the distal 
end of the high pressure conduit 48 is a Joule-Thomson 
expansion element 50, located in, or immediately adjacent 
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to, the cold tip 16. High pressure cryogenic gas mixture 
passing through the high pressure conduit 48 is isenthalpi 
cally expanded by the expansion element 50, to signi?cantly 
loWer the temperature of the gas mixture. The colder, loW 
pressure gas mixture is then exposed to the cold tip 16, to 
cool the target tissue via the thermally conductive sheath tip 
26. A separator plate 52 isolates the loW pressure region of 
the cold tip 16 from the probe cannula 14. LoW pressure gas 
mixture passes back through openings in the separator plate 
52 to return via the probe cannula 14 to the loW pressure inlet 
54 of the heat exchanger 44. The How of the loW pressure 
gas mixture back through the cannula 14 can actually be via 
a loW pressure conduit not shoWn in FIG. 4. 

[0051] A female connector ?tting 56 is provided in the 
distal portion of the probe handle 12, to provide for a mating 
location betWeen the probe 10 and the sheath 20. An 
inWardly projecting latching ?ange 58 can be provided 
around the outer perimeter of the female connector 56. One 
or more connector elements 60 can be provided Within the 
female connector 56 for mating With auxiliary instrumenta 
tion carried by the sheath 20. The connector element 60 can 
be an electrical contact for use With auxiliary instrumenta 
tion such as a temperature sensor, a heater, or an ultrasonic 
transducer. Similarly, the connector element 60 can be an 
optical element for use With auxiliary instrumentation such 
as vieWing optics, illumination optics, or laser optics. The 
connector element 60 is connected by Way of an instrumen 
tation conductor 62 to a display or control device 64. The 
instrumentation conductor 62 can be an electrical conductor 
or an optical ?ber bundle, as appropriate. Only one set of 
connector element 60, conductor 62 and display or control 
device 64 is shoWn, for the sake of simplicity, but it should 
be understood that a plurality of such systems could be used 
in any given cryosurgical instrument 40. Further, it should 
be understood that the display or control device 64 could be 
located remotely from the instrument 40, such as Would be 
appropriate for a video optical vieWing system. An align 
ment rib 66 can be formed on the perimeter of the probe 
handle 12, to assist in alignment of the probe handle 12 With 
the sheath grip 22. 

[0052] FIG. 5 shoWs that the connector body 28 has a 
longitudinal bore 68 therethrough, to alloW the passage of 
the probe cannula 14. The ?tting 30 is in ?uid ?oW com 
munication With the bore 68, to provide ?uid How to the 
exterior of the holloW catheter 24, Which extends into the 
bore 68. A male connector ?tting 70 is provided on the 
proximal portion of the connector body 28 to mate With the 
female connector ?tting 56 in the distal portion of the probe 
handle 12. A releasable latch 72 is provided on the male 
connector ?tting 70, to engage the latching ?ange 58. One or 
more connector elements 74 are also provided on the male 
connector ?tting 70 to engage the connector elements 60 
Within the female connector ?tting 56 in the probe handle 
12. Connection of the connector element 74 to the auxiliary 
instrumentation, and connection of the ?uid ?oW path from 
the ?tting 30 to the holloW catheter 24 are shoWn better in 
a later Figure. FIG. 6 is an end vieW of the probe handle 12, 
shoWing the interior of the female connector ?tting 56. A 
plurality of connector elements 60 are shoWn arranged in a 
circle Within the female ?tting 56. 

[0053] FIG. 7 shoWs the sheath 20 With the shroud 23 in 
the furled, or contracted, condition. The sheath Would nor 
mally be shipped and stored in this condition until disposi 
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tion over a cryosurgical probe 10. Tabs 78 are provided on 
the proximal end of the shroud 23 to assist in pulling the 
shroud 23 over the probe handle 12 and the umbilical cord 
18. FIG. 8 is a section vieW shoWing more detail of one 
embodiment of the sheath 20. An alignment groove 76 is 
shoWn in the inner bore of the sheath grip 22, to mate With 
the alignment rib 66 on the exterior of the probe handle 12. 
It can be seen that the connector body 28 can be constructed 
as a multi-piece assembly. 

[0054] FIG. 9 shoWs more detail of one embodiment of 
the connector body 28 and its connection to the sheath grip 
22. The connector body 28 comprises essentially a distal 
section 80, an intermediate section 82, and a proximal 
section 84. The distal section 80 includes the ?nger slide 34, 
and the distal portion of the distal section 80 is attached to 
the holloW catheter 24. The intermediate section 82 is 
mounted Within the proximal portion of the distal section 80, 
and it provides a means of connecting the distal section 80 
to the instrumentation connectors 74 and to the releasable 
latch 72. The intermediate section 82 can consist of a barrel 
92 as shoWn, threaded to the latch 72. Acollet 86 is captured 
betWeen the barrel 92 and the latch 72. The collet 86 is 
attached to a sleeve 90 Which is in turn attached to a 
connector ?xture 96. Instrumentation conductors 94 are 
connected to the instrumentation connectors 74. The instru 
mentation conductors 94 pass through or alongside the 
longitudinal bore 68 to the catheter 24. 

[0055] FIG. 10 shoWs more detail of one embodiment of 
the distal portion of the distal section 80 of the connector 
body 28. The distal end of the longitudinal bore 68 termi 
nates in a ?uid bore 100, Which is in ?uid ?oW communi 
cation With an internal bore 98 of the ?tting 30. The 
proximal portion of the holloW catheter 24 extends into the 
?uid bore 100, With the diameter of the ?uid bore 100 being 
larger than the outer diameter of the catheter 24. This leaves 
a ?uid ?oW space surrounding the catheter 24 in the ?uid 
bore 100. The proximal end 102 of the ?uid bore 100 can be 
terminated by a shoulder in the longitudinal bore 68. Con 
versely, the proximal end 102 of the ?uid bore 100 can be 
terminated by an epoxy seal. The probe cannula 14 can ?t 
snugly Within the longitudinal bore 68. The distal end of the 
connector body 28 can be ?tted With a strain relief collar 106 
to fasten the catheter 24 to the connector body 28. A space 
108 Within the collar 106 can be ?lled With epoxy to 
terminate the distal end of the ?uid bore 100. 

[0056] FIG. 11 shoWs a section vieW of the distal portion 
of the connector body 28 and the proximal portion of the 
holloW catheter 24. In this vieW, it can be seen that the 
catheter 24 is a multi-lumen catheter. A plurality of lumens 
110 pass longitudinally through the Wall of the catheter 24. 
Some of the lumens 110 are used to conduct ?uid ?oW, as 
shoWn at 112, and other lumens are used to conduct auxiliary 
instrumentation signals, as shoWn at 114. Within the ?uid 
bore 100 only, the ?uid lumens 112 are open to the exterior 
of the catheter 24, While the ?uid lumens 112 along the 
remainder of the length of the catheter 24 are not open to the 
exterior. The instrumentation lumens 114 are closed to the 
exterior throughout the length of the catheter 24. Since the 
?uid lumens 112 are open to the exterior Within the ?uid 
bore 100, ?uid can ?oW from the ?tting 30 into the Wall of 
the catheter 24, or out of the Wall of the catheter 24 to the 
?tting 30. A central bore 116 passes through the catheter 24 
to accommodate the probe cannula 14. 
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[0057] FIG. 12A shows a transverse section vieW of the 
catheter 24 and the probe cannula 14, forward of the 
connector body 28. The cannula 14 incorporates a set of 
three coaxial stainless steel tubes 48,55,57, With the outer 
tube 57 ?tting substantially snugly Within the catheter 24. It 
can be seen that a vacuum or insulation space 118 is formed 

betWeen the outer tube 57 and a loW pressure conduit 55. 
The loW pressure conduit 55 leads to the loW pressure inlet 
54 of the heat exchanger 44. The high pressure conduit 48 
lies Within the loW pressure conduit 55. 

[0058] FIG. 12B shoWs a transverse section vieW of an 
alternate embodiment of the catheter 24 and the probe 
cannula 14, forWard of the connector body 28. The cannula 
14 incorporates a set of tWo coaxial stainless steel tubes 
48,55, With the outer tube 55 ?tting substantially snugly 
Within an inner tube 117 in the catheter 24. It can be seen that 
a vacuum jacket or insulation space 118 is formed Within the 
catheter 24, betWeen the inner tube 117 and the catheter 24. 
Here as before, the loW pressure conduit 55 leads to the loW 
pressure inlet 54 of the heat exchanger 44. The high pressure 
conduit 48 lies Within the loW pressure conduit 55. 

[0059] FIG. 13 shoWs an elevation vieW of the distal end 
of the holloW catheter 24 and the sheath tip 26. A plurality 
of ports 120 in the lumens 110 are formed in the distal end 
of the catheter 24. Some of the ports 120 are for ?uid How 
to or from the area adjacent the sheath tip 26. Other ports 
120 are for optical elements to support vieWing, illumina 
tion, or laser systems. Still other ports 120 could be used as 
connection terminals for electrical connection to a tempera 
ture sensor, heater, or ultrasonic transducer in the sheath tip 
26. 

[0060] FIG. 14 shoWs a longitudinal section of the distal 
portion of the catheter 24 and the sheath tip 26. The auxiliary 
instrumentation conductor 94 passes through a lumen 114 to 
the distal end of the catheter 24, at Which point it connects 
to an optical element in the port 120, or to an auxiliary 
instrument 126 in the sheath tip 26. The auxiliary instrument 
126 could be a temperature sensor, a heater, a tissue imped 
ance measuring component, or an integrated component for 
performing tWo or more of the temperature sensing, imped 
ance measuring, and heating functions. For example, the 
instrument 126 could be a combination heater and resistance 
temperature detector (RTD) constructed of foil laminated 
betWeen very thin (0.003 in.) sheets of polyimide ?lm. 
Further, the auxiliary instrument could be an ultrasonic 
transducer. Those auxiliary instruments 126 Which are in the 
sheath tip 26 can be sandWiched betWeen an inner thermally 
conductive layer 122 and an outer thermally conductive 
layer 124. The inner conductive layer 122 can be made of 
copper, and the outer conductive layer 124 can be made of 
stainless steel. If desired, epoxy can be injected betWeen the 
instrument 126 and the conductive layers 122, 124. An 
epoxy bleed hole 128 in the outer layer 124 is provided for 
this purpose. If insulating layers are placed betWeen the 
instrument 126 and the inner and outer layers 122, 124, the 
insulating layers must be suf?ciently thin to alloW heat 
transfer therethrough. A thermally conducting grease 130 
can be provided Within the sheath tip 26 to maximiZe the 
thermal contact betWeen the probe tip 16 and the sheath tip 
26. 

[0061] To insure complete ablation of the target endome 
trial tissue in the uterus of a female patient, it is helpful to 
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employ a unique technique for placement of the cryosurgical 
probe and subsequent sequencing of the functions of the 
probe. In this method, a stepWise approach is used to 
position the cryosurgical probe in either one or tWo sym 
metric physical orientations Within the endometrial cavity of 
the uterus, depending upon the volume of the uterus and the 
location of the tissue to be froZen. 

[0062] Initially, folloWing ultrasound assessment of the 
uterine cavity for speci?c physical features such as siZe, 
volume and presence of neoplasms, an appropriate one of 
tWo positioning techniques is chosen. The appropriate spe 
ci?c positioning technique is determined by uterine cavity 
siZe. For a uterine cavity siZe <40 mm in lateral Width, a 
single position “midline freeZe” technique is chosen. For a 
uterine cavity size 240 mm in lateral Width, a tWo position 
“angled freeZe” technique is chosen. 

[0063] For the single position, midline freeZe technique, 
the cryosurgical probe 10 is advanced through the cervical 
os O under imaging guidance, until the distal cold tip 16 of 
the probe 10 is positioned along the saggital plane of the 
uterus at the fundus F as shoWn in FIG. 15. Ultrasound 
guidance at a frequency of 3 to 5 MHZ is shoWn to be 
effective for visualiZation of the uterine cavity UC and probe 
tip 16, because of their respective echogenicity. Once the 
desired position of the probe tip 16 is visually veri?ed, the 
freeZe mode of the cryosurgical probe 10 is activated, to 
generate extreme cold temperatures at the distal cold tip 16. 
This freeZe cycle is maintained for 3 to 7 minutes, or, until 
an ice ball IB is created With an adequate radial dimension 
from the longitudinal axis of the cryosurgical probe 10, to 
freeZe the adjacent uterine cavity tissue. Ultrasound visual 
iZation also can be used to monitor ice ball groWth. Activa 
tion of the freeZe mode of the probe 10 is maintained for the 
aforementioned duration, until the outer edge of the ice ball, 
or ice front, reaches the serosal surface S of the uterine 
cavity UC, or, until initial ice ball dimensions approach 20 
to 40 mm in diameter and 40 to 70 mm in length. Data has 
shoWn that the Zone of endometrial tissue destruction is 3 to 
5 mm radially behind the ice front; therefore, visualiZation 
of the ice ball IB alloWs the physician to avoid destruction 
of tissue in undesired areas. Freezing of human uterine 
cavity tissue results in adherence of the cryosurgical probe 
tip 16 to the endometrial tissue. Therefore, subsequent to the 
freeZe, the heat mode of the cryosurgical probe 10 is 
activated by energiZing the probe heater at the probe tip, to 
promote thaWing of a thin layer of the tissue immediately 
adjacent to the cold tip 16, and to alloW probe removal. 

[0064] For the tWo position, angled freeZe technique, the 
cryosurgical probe 10 is advanced through the cervical os 0 
under imaging guidance, as described above, until the distal 
cold tip 16 is positioned along a plane of angular offset at the 
fundus F in the left or right lateral cornu RLC as shoWn in 
FIG. 16. Although FIG. 16 shoWs the probe tip 16 angled 
toWard the right lateral cornu RLC, the speci?c left or right 
lateral orientation used ?rst is not signi?cant. As in the 
midline technique, ultrasound visualiZation is used to verify 
the desired positioning of the probe cold tip 16. Once the 
desired position of the probe cold tip 16 is veri?ed, the 
freeZe mode of the probe 10 is activated for 3 to 7 minutes, 
or, until an ice ball IB is created With an adequate radial 
dimension from the longitudinal axis of the cryosurgical 
probe 10, to freeZe the adjacent uterine cavity tissue. Ultra 
sound visualiZation can be used here, as in the midline 
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technique, to monitor ice ball growth. Activation of the 
freeze mode of the probe 10 is maintained for the afore 
mentioned duration, until the outer edge of the ice ball IE, 
or ice front, reaches the serosal surface S of the uterine 
cavity UC, or, until initial ice ball dimensions approach 20 
to 40 mm in diameter and 40 to 70 mm in length. After 
completion of the ?rst angled freeZe, an injection of 3 to 5 
ml of 0.9%, sterile, NaCl solution (normal saline) may be 
delivered through the irrigation port near the probe tip 16. 
This saline irrigation has been shoWn to promote additional 
tissue thaW at the proximal portion of the ice ball adjacent 
the cervical os 0. Additional thaWing of the proximal portion 
of the ice ball IB is desirable in the angled freeZe method, 
to facilitate the repositioning of the probe 10 Within the 
uterine cavity UC. 

[0065] Subsequently, the cryosurgical probe cold tip 16 is 
again advanced through the cervical os O until placement at 
the opposing lateral cornu at the fundus is achieved, such as 
the left lateral cornu LLC, as shoWn in FIG. 17. It can be 
seen that, in this second position, the probe 10 passes 
through the thaWed proXimal portion of the original ice ball. 
Ultrasound guidance is again used for position visualiZation. 
Once the second position is veri?ed, the freeZe mode of the 
probe 10 is again activated for the aforementioned duration, 
until the aforementioned ice ball dimension features are 
again achieved. It can be seen that this results in the freeZing 
of a V-shaped, angled, ice ball in the uterine tissue. Subse 
quently, the heat mode of the probe 10 is again activated for 
said tissue thaW, probe removal and completion of the 
procedure. 
[0066] While the particular invention as herein shoWn and 
disclosed in detail is fully capable of obtaining the objects 
and providing the advantages hereinbefore stated, it is to be 
understood that this disclosure is merely illustrative of the 
presently preferred embodiments of the invention and that 
no limitations are intended other than as described in the 
appended claims. 

I claim: 
1. A method of performing endometrial ablation, sequen 

tially comprising: 

providing a cryosurgical apparatus, including: 

a cryosurgical probe having a heat transfer element; 
and 

a refrigeration system adapted to deliver a refrigerant to 
the probe, and adapted to eXpand the refrigerant 
adjacent to the heat transfer element; 

inserting the cryosurgical probe into a cryosurgical sheath 
such that a thermally conductive portion of the sheath 
covers the heat transfer element of the probe, and 
providing a thermally conductive medium betWeen the 
heat transfer element of the probe and the thermally 
conductive portion of the sheath; 

advancing the cryosurgical probe through the cervical os 
and angling the probe toWard a ?rst one of the left and 
right cornu; 

freeZing With the cryosurgical probe for a period of 3 to 
7 minutes; 

monitoring the freeZing process With ultra-sound; 
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heating so as to disengage the cryosurgical probe from 
any ice ball that may have formed thereon; 

repositioning the cryosurgical probe toWard a second one 
of the left and right cornu; 

freeZing With the cryosurgical probe for a period of 3 to 
7 minutes; and 

monitoring the freeZing process With ultra-sound. 
2. The method of claim 1, Wherein the heating is accom 

plished by energiZing an electric heater formed in the sheath. 
3. The method of claim 1, further comprising irrigating 

the uterine cavity subsequent to the ?rst freeZe. 
4. The method of claim 1, further comprising: 

detecting, With one of the ?rst and second monitoring 
steps, that an outer edge of the ice ball has reached the 
serosal surface of the uterine cavity; and 

ending the corresponding one of the ?rst and second 
freeZing steps. 

5. A method of performing endometrial ablation, sequen 
tially comprising: 

providing a cryosurgical apparatus including: 

a cryosurgical probe having a heat transfer element; 
and 

a refrigeration system adapted to deliver a refrigerant to 
the probe, and adapted to eXpand the refrigerant 
adjacent to the heat transfer element; 

inserting the cryosurgical probe into a cryosurgical sheath 
such that a thermally conductive portion of the sheath 
covers the heat transfer element of the probe, and 
providing a thermally conductive medium betWeen the 
heat transfer element of the probe and the thermally 
conductive portion of the sheath; 

advancing the cryosurgical probe through the cervical os 
and angling the probe toWard a ?rst one of the left and 
right cornu; 

freeZing With the cryosurgical probe; 

monitoring the freeZing process With ultrasound; 

ending the freeZing When the ultrasound indicates that an 
outer edge of an ice ball forming on the probe has 
reached the serosal surface of the uterine cavity; 

heating so as to disengage the cryosurgical probe from the 
ice ball; 

repositioning the cryosurgical probe toWard a second one 
of the left and right cornu; 

freeZing With the cryosurgical probe; 

monitoring the freeZing process With ultrasound; and 

ending the freeZing When the ultrasound indicates that an 
outer edge of an ice ball forming on the probe has 
reached the serosal surface of the uterine cavity. 

6. The method of claim 5, Wherein the heating is accom 
plished by energiZing an electric heater formed in the sheath. 

7. The method of claim 5, further comprising irrigating 
the uterine cavity subsequent to the ?rst freeZe. 

* * * * * 


