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57 ABSTRACT 

The cryosurgical instruments disclosed have a sheath 
of porous material spaced from a heat conducting 
core, and an anti-cryoadhesion material which is 
cooled to cryogenic temperatures and thus also acts as 
a cryogenic fluid is pumped through the space be 
tween the sheath and the core. A part of the material 
is exuded through the sheath to prevent sticking of the 
material of the sheath to the tissue with which the in 
strument is in contact, and the remainder of the mate 
rial is recirculated. The porous sheath can be remov 
ably attached to the instrument so that a sheath in the 
shape of a probe or surgical blade can be used on the 
instrument. 

16 Claims, 8 Drawing Figures 
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CRYOADHESION PREVENTING CRYOSURGICAL surgical techniques which require only a single system 
INSTRUMENTS for supplying a fluid which is an anticryoadhesion ma 

BACKGROUND OF THE INVENTION 

There has recently been considerable development 
of techniques and instrumentation for use in cryosur 
gery, i.e. surgery which involves the use of cryogenic 
instruments cooled to cryogenic temperatures. A char 
acteristic of all of these techniques is the cryoadhesion 
between tissue and the metal of the instrument being 
used. This is, of course, desirable in such surgical pro 
cedures as cataract removal or the removal of choles 
terol plaques from blood vessel walls, and in fact, is 
what makes these techniques workable. However, in 
other areas, cryoadhesion has limited the use of cryo 
surgical techniques to probes of various designs and 
shapes. Even here, when it is necessary to treat tissue 
cryogenically and thereafter remove the probe, it is 
necessary to apply heat in some manner to overcome 
the cryoadhesion. This is usually accomplished by pass 
ing a heating fluid through the instrument or providing 
miniature heating devices in the instrument. Such 
measures are not only crude, but more important, they 
are time consuming and thus can be dangerous where 
rapid withdrawal of the instrument becomes necessary. 
A further disadvantage of the necessity of providing 

some source of heat to overcome the cryoadhesion of 
the surgical instrument to tissue is that it is not at all 
useful in a surgical instrument which must be moved 
during use, such as a moving knife. Manifestly, it is im 
possible to both cool cryogenically to obtain the bene 
fits of the cyrogenic temperatures, and, at the same 
time, heat to avoid or overcome cryoadhesion. 
My prior U.S. Pat. No. 3,391,690 has recognized that 

tissue will adhere to cryogenically active surgical in 
struments. The disclosure in this patent states that 
cryoadhesion can be prevented by the simple applica 
tion of a viscous lubricant to the tissue contacting com 
ponents of said instruments. 
However, permanent coverings or coatings of Para 

lene, Kel-F, Teflon Silicones and Lubrichrome, etc. 
have proved to be of insufficient practical value in the 
prevention of cryoadhesion of tissue to the cryogeni 
cally active surgical instruments. It is recognized by 
those skilled in the art that even minute tabs or shreads 
of tissue that will adhere or freeze to the activated in 
strument will cause stripping away of the cryogenically 
treated tissue adjacent to the instrument upon its with 
drawal or movement. This stripping away or distur 
bance of the cryosurgically treated zone of tissue will 
expose a raw denuded highly vascular area and invari 
ably leads to profuse hemorrhaging, thus negating any 
beneficial effects of cryogenic surgery. 

In my application Ser. No. 3 15,314. filed Dec. 15, 
1972, now U.S. Pat. No. 3,786,814, there is disclosed 
a method of preventing cryoadhesion and cryosurgical 
instruments for carrying out this method. In all of the 
instruments, there are two systems needed, one for cir 
culating the cryogenic fluid, and the other for supplying 
the anticryoadhesion material to the tissue contacting 
surfaces of the instrument. This arrangement necessar 
ily requires a sophisticated apparatus for handling the 
two materials. 

OBJECTS AND SUMMARY OF THE INVENTION 
It is an object of the present invention to provide 

cryosurgical instruments for use in carrying out cryo 
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terial which also acts as a cryogenic fluid. 
This object is achieved by providing an instrument 

having a porous sheath thereon through which an anti 
cryoadhesion material which also acts as a cryogenic 
fluid is exuded, which material both cools the tissue 
with which the instrument is in contact and prevents 
sticking of the material of the instrument to the tissue. 
One specific material is fluorinated polyether. A single 
system supplies the anticryoadhesion material, cools it 
to a cryogenic temperature, and recirculates the por 
tion of the fluid which is not exuded through the porous 
sheath. The porous sheath is preferably removably at 
tached to the instrument so that different sheaths can 
be used on a single basic instrument. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in greater detail here 
inafter in connection with the accompanying drawings, 
in which: 
FIG. 1 is a partly sectional elevation view and partly 

schematic view of a cryogenic probe according to the 
present invention with a removable sheath member 
thereon; 

FIGS. 2 and 3 are sectional views taken on lines 2-2 
and 3-3, respectively, of FIG. 1; 

FIG. 4 is a partial section view showing a cover; 
FIG. 5 is a sectional elevation view of the upper part 

of the instrument of FIG. 1 showing the different form 
of sheath thereon; 

FIG. 6 is a section taken on lines 5-5 of FIG. 4; and 
FIGS. 7 and 8 are partial sectional views showing re 

movable cores. 

DETAILED DESCRIPTION OF THE INVENTION 
In its most elementary form, the instrument of the 

present invention has a porous sheath spaced from a 
core of a heat conducting material, and a circulation 
system is provided for circulating a fluid through the 
space which is an anticryoadhesion material which also 
acts as a cryogenic fluid. 
The anticryoadhesion material used in the instru 

ments of the present invention should be a material 
which is liquid at ambient temperatures and remaining 
liquid at cryogenic temperatures, e.g. down to about 
- 180°C. so that it overcomes the adhesion between the 
metal of the cryosurgical instrument and the tissue con 
tacted thereby, and it must also be a material which has 
a good thermal conductivity so that heat can be con 
ducted through the film of the material from the tissue 
to the metal of the cryosurgical instrument. Moreover, 
the material should be inert and non-toxic, since it will 
come in contact with tissue during the carrying out of 
the surgical procedures. 
One group of such materials are non-toxic, inert liq 

uid fluorocarbons which remain liquid at cryogenic 
temperatures, which fluorocarbons are applied to cryo 
surgical instruments and, as a result of the use of such 
instruments in cryosurgical treatments, are applied top 
ically to cryosurgically treated tissue. As the tempera 
ture drops, these materials do not crystallize but only 
become increasingly viscous. These materials are avail 
able from several sources. One source is the fluorocar 
bon chemical sold under the trademark MEDIFLOR by 
3M Co. One specific fluorocarbon is designated FC47 
and is a polyfluorinated tertiary alkly amine having the 
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general formula (CFs)N and has a pour point of 
-58°F. Another specific fluorocarbon designated FC80 
is a cyclic perfluorinated ether and has the general for 
mula c-CFO had has a pour point of -135F. An 
other is designated FC88 and has a pour point of ap 
proximately -l 15°C. Another source is the fluorocar 
bon chemicals sold under the trademark FLUORO 
NETS by Allied Chemical Co. The fluorocarbon chem 
icals with the designations P-1F, P-1 H. P- 1C, P-1 D 
and P- 1 c have pour points from -85 to -125°C. 
Among these materials, the materials with the designa 
tions P-1F, P-1H and P-1C are polyfluorinated ethers 
having the general formula: 

CF F F 

FC - O - C - C - X 

CF F F 

( 1) 

where X is fluorine, hydrogen or chlorine. The material 
designated P-1 1 C is a polyfluorinated either having the 
formula: 

CF F F F F 

F-ol -k-k-k-c. (2) F, F - F - -- 

The materials with designations P-1D and P-1 1D are 
perfluorinated polyethers having the formulae: 

CF F F 

ch, 
(3) 

and 

(4) 

Another specific material which can be used as the 
anti-cryoadhesion material is one of a family of polyflu 
orinated polyethers having the general formula: 

F(CFCFO)CHFCF 
CF, 

where n is a whole number in the range of l- inclu 
sive. The materials have pour points from -46°C down. 
depending on the value of n. This material is available 
from E.I DuPont de Nemours Co. as FREON E Series 
Fluorocarbons. The characteristics of the members of 
the series from 1 to 4 of the material which are perti 
nent to the present invention are as set forth in Table 
I. It will be seen from this data that the thermal conduc 
tivity is such that the material conducts heat very satis 
factorily, yet it remains liquid to very low temperatures. 
Even though it has a low boiling point, especially the 
lowest viscosity form of the material, because it will be 
kept cooled to carry out its function as a cryogenic 

5 

20 

25 

30 

35 

40 

45 

50 

55 

4. 
fluid this characteristic will not detract from its useful 
eSS. 

The anti-cryogenic materials described above can be 
used individually, or they can be blended to obtain vis 
cosities and pour point temperatures intermediate the 
viscosities and pour points of the individual materials. 

In order to make it possible to use a cryosurgical in 
strument to make a relatively long incision or move 
over tissue for relatively long distances, special surgical 
instruments have been devised which provide a con 
stant flow of anti-cryogenic material to the surface 
thereof which will be in contact with the tissue. Some 
embodiments of these instruments will be described 
hereinafter. It should be understood, however, that 
while the description is of several forms of one form of 
a probe and one form of scalpel, the same type of struc 
tures can be utilized for clamps, biopsy instruments, 
and the like, without departing from the scope of the 
present invention. Examples of other such instruments 
are found in my U.S. Pat. Nos. 3,391,690 and 
3,369,550. 
One embodiment of a probe according to the present 

invention is shown in FGS. 1-3, and has a body 10 
made, for example, of foamed polyurethane, such as is 
sold under the tradename THURANE by Dow Chemi 
cal Co., and having a sheath 10b of metal, e.g. stainless 
steel, thereover and a coating 10c of a thermoplastic 
resin, for example such as is sold under the tradename 
LEXAN by General Electric Co. The body 10 has a 
seat 10d on the end which is uppermost in FIG. 1. A po 
rous hollow sheath 11, made of materials to be de 
scribed in greater detail hereinafter, is secured to the 
seat 10d by a threaded connection 12 or any other 
equivalent connection, and the joint is sealed by a gas 
ket 13 in the seat. The gasket could also be included in 
the edge of the sheath. 

In the center of the body 10 is an elongated recess 14 
having a socket 15 in the bottom thereof which is 
slightly smaller in diameter than the diameter of the re 
cess 14. Positioned in the recess 14 is the shank 16b of 
a core 16 which is of good heat conducting material, 
the free end of the shank 16b being tightly fitted into 
the socket 15 so as to hold the shank in the recess with 
the surface of the shank spaced from the wall of the re 
cess. On the other end of the shank 16b is a core head 
16a which projects into the hollow sheath 11 and is 
shaped so as to leave between the core head 16a and 
the inside surface of the sheath 11 a space S. Spiral 
lands and grooves 16c are provided on the head 16a. 
Struts 16d are also provided on the core head 16a 
which engage and support the sheath 1. 
An inlet passage 10e extends through body 10 from 

the lower end to a point near space S and then 
branches, branch Of leading into space S and branch 
10g extending to the upper end of recess 14 and open 
ing into the recess 14 tangentially of the wall thereof. 
Outlet passage 10h extends from space S at a point 
diammetrally opposite branch 10f out through the body 
10. 
Around the upper end of recess 14 is an exteriorly 

threaded ring 17 of insulating material which fits in a 
threaded seat 17a in body 10. The ring 17 engages 
snugly around the upper end of shank 16a in substan 
tially fluid tight relationship. At the lower end of recess 
14 is an outlet passage 14a which opens into outlet pas 
sage 10h. The exterior of shank 16b can be spirally 
grooved as at 16g to promote spiral flow of liquid along 
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the shank 16b. The wall of the recess could also be 
grooved or one or the other or both could have spiral 
lands thereon for the same purpose. Both the inlet and 
outlet passages are defined by metal tubes extending 
through the heat insulating material of the body 10. 
A reservoir 18 for fluid anti-cryoadhesioncryogenic 

material is provided in a single fluid supply system for 
the instrument, and the reservoir 18 is connected to the 
inlet passage 10e through a filter 19, a fluid pump 20, 
a heat exchanger 21, and a quick disconnect coupling 
23. The fluid is successively filtered, pumped and 
cooled to a cryogenic temperature, and supplied to pas 
sage 10e. The outlet passage 10h is connected through 
a quick disconnect coupling 24 and a pressure regula 
tor 22 to the reservoir. The quick disconnect couplings 
23 and 24 make it possible to remove the probe from 
the supply system and replace it with another probe. A 
depressor type injection valve 18b can be provided in 
the reservoir 18 through which anti-cryoadhesion 
cryogenic material can be supplied from a pressurized 
container 18c, such as an aerosol can or the like. 

All piping in the fluid supply system leading to and 
from the base of the instrument body 10 is flexible and 
is suitably insulated with flexible insulation. The flexi 
ble insulation prevents the absorption of heat before 
the fluid reaches the base of the instrument body 10. 
An example of suitable flexible insulated piping is 
C.V.I. static vacuum insulated radiation-shielded flexi 
ble piping, which is manufactured by C.V.I. Corp., a 
subsidiary of the Pennwalt Corp., Columbus, Ohio 
432 6. 

In operation, fluid anti-cryoadhesion-cryogenic ma 
terial from reservoir 18 is drawn through the filter 19 
through the heat exchanger 21, sufficient heat being 
extracted in the heat exchanger 21 to lower the temper 
ature of the material to the desired cryogenic tempera 
ture. The cooled fluid then flows through the inlet pas 
sage 10e and part of it flows through branch 10f into 
the space S. The lands and grooves 16c help distribute 
the fluid evenly while the struts 16d prevent vibration 
of the sheath. The pressure regulator 22 in the return 
line is set so that the pressure within the space S is suffi 
cient to force some of the fluid material out through the 
pores in the sheath to prevent sticking of the sheath to 
the tissue being acted on, while the remainder of the 
fluid material supplied to space S continues to flow 
through space S and outlet passage 10h and back to the 
reservoir 18. Heat from the tissue being acted on flows 
through the sheath 11 and is taken up by the fluid mate 
rial. However, since the circulation is not sufficiently 
rapid to produce rapid cooling of the tissue, which is 
desirable, due to the necessity to maintain sufficient 
pressure to cause the exuding of the fluid material 
through the sheath, the core 16 is provided. This also 
takes up heat which is transmitted through the circulat 
ing fluid material and conducts it from the core head 
16a to the shank 16b. The portion of the incoming fluid 
material which flows through branch 10g is conducted 
through the recess 14 along the shank 16b, from the 
end closest to the head 16a at which the incoming fluid 
will be coldest, to the other end, and the heat taken up 
by the core 16 is given up to the circulating fluid mate 
rial flowing through the recess 14. The equipment for 
cooling the fluid to cryogenic temperatures is conven 
tional and will not be described here. It will be clear, 
however, that the heat can be extracted at locations 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

6 
other than that shown in FIG. 1, at the reservoir, for ex 
ample. 
The inner portion or core of the probe is preferably 

made of a good heat conducting low thermal expansion 
metal. One good metal is a high nickel-iron alloy sold 
under the trademark INVAR by Carpenter Steel Co. It 
can be nickel plated to increase corrosion resistance. 
Alternately, a gold plated solid copper inner portion 
can be used. Stainless steel, which resists staining dur 
ing use and can be cleaned and sterilized readily, can 
also be used. Use of such a metal makes possible rapid 
transfer of heat from the tissue to the cryogenic fluid. 
The sheath is preferably thin stainless steel which has 
been made microporous, for example, by the process 
disclosed in U.S. Pat. No. 3,352,679, which comprises 
connecting the stainless steel as an anode in a cell con 
taining a non-polarizing electrolyte and discharging di 
rect current through the cell. The gaskets are silicone 
rubber, which will withstand cryogenic temperatures. 

It will be understood that the sizes of the pores in the 
stainless steel sheath can be varied, and that anti 
cryoadhesive materials are available with different vis 
cositites. Those skilled in the art will be able to provide 
the proper combination of pore size and viscosity of the 
anti-cryoadhesive material with a minimum amount of 
difficulty to give optimum results. 
An alternate form of porous material for the sheath 

is a woven stainless steel wire cloth known as MI 
CROWEAVE, which is available from Microporous 
Filter Division of Circle Seal Development Corp., Ana 
heim, Calif. This material is woven from stainless steel 
wire drawn to a diameter of as small as 0.001 inch and 
then heat treated to restore the ductility and corrosion 
resistance. To form this material or the above de 
scribed materials into a sheath, a die in the shape of the 
sheath is made and the material is shaped to this die in 
a four slide forming machine. 

In use, the instrument must first be dried thoroughly. 
One simple way of doing this is by dipping it in a 100 
percent anhydrous alcohol solution and purging with 
dry nitrogen gas. Preferably, however, the whole probe, 
including the interior passages, is thoroughly dried by 
means of a purging system described hereinafter. Then 
the fluid anti-cryoadhesion-cryogenic material is 
pumped through the passage 10e into the space be 
tween the sheath 11 and the core 16, and due to the 
pressure it is under, it is forced through the porous 
sheath 11 so as to form a film on the outer surface of 
the sheath. The flow of fluid is maintained to cool the 
instrument to the desired temperature, and it is then 
ready for use. 
During the use of the probe, the anti-cryoadhesion 

property of the fluid material will prevent the metal of 
the probe from sticking to the tissue which is touched 
by the probe by providing a physical layer of the mate 
rial between the tissue and the sheath and also due to 
the hydraulic pressure of the material which acts to 
force the tissue away from the surface of the sheath. 
Thus, the probe or knife can move through or along 

tissue in the same manner as room temperature instru 
ments are moved through or along tissue, thereby re 
moving any restrictions on the use of the instrument be 
cause of the occurrence of cryoadhesion. At the same 

65 
time, due to the heat conductivity properties of the 
fluid material, heat is removed from the tissue being cut 
so that the benefits of cryogenic surgery can be ob 
tained. 
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In the use of the device of the present invention and 
the fluorocarbon anti-cryoadhesive materials disclosed, 
it has been discovered that whatever toxicity these mal 
terials have can be reduced by passing them through a 
microporous filter, such as a Gelman microporous filter 
made by Fisher Scientific Co., 7 Forbes Ave. Pitts 
burgh, Pa. 1529. Moreover, if it is anticipated that 
large amounts of the fluorocarbon anti-cryoadhesive 
material are to be used on an individual patient, it may 
be advantageous to lower the general body tempera 
ture of the patient of about 85°F or lower by known hy 
pothermia techniques. This will suppress the general 
vapor pressure of the fluorocarbon material that will 
come into contact with the tissue being acted upon. 
One system for purging the instrument is shown in 

FIG. 1. It is most convenient to incorporate it in the 
supply system so that it can be used on any probe at 
tached to the supply system. A three-way valve 40 is 
provided in the piping 18a between the reservoir 18 
and the filter 19, and the valve 40 is connected to a 
pressurized supply 42 of anhydrous alcohol, and to a 
pressurized supply 43 of dry nitrogen gas by appropri 
ate conduits 40a. A bleed-off valve 44 is provided be 
tween the reservoir 18 and the three-way valve 40. 
To carry out purging, with the entire probe and sup 

ply system empty, the pump 20 is run at low speed, the 
valve 40 is set to supply alcohol to the filter 19 and 
pump 20, and the bleed-off valve 44 is opened. The al 
cohol will then be supplied through the supply system 
and passage 10e and branch Of in the probe into the 
space S within the sheath 11, and through the branch 
10g and recess 14, and will clean and dry the space S 
and be forced through the pores in the sheath and will 
clean the recess 14. The valve 40 is then changed over. 
and nitrogen under pressure purges the alcohol from 
the supply system, space S, and the pores of the sheath 
11, the recess 14, and dries the instrument. The spent 
alcohol and nitrogen are removed through bleed-off 
valve 44. The valves 40 and 44 are then reset, and the 
instrument is ready to have the anti-cryoadhesion 
cryogenic fluid supplied thereto, for example through 
the valve 8b. 

Alternatively, the more sophisticated purging system 
shown in FIG. 15 of my patent referred to above can 
be connected to the instrument. 
As described above, during purging, the alcohol is 

forced through the pores in the sheath 11. Depending 
on the size of the sheath, and hence its surface area, 
and the size of the pores, the total resistance offered by 
the sheath to the flow of the alcohol may be less than 
the resistance offered by the return path from the space 
S through the pressure regulator 18 and the alcohol in 
space S in such a situation would all be forced through 
the sheath. To avoid this situation, it is desirable to pro 
wide a cover 50 for the sheath, as shown in FIG. 4. The 
cover is comprised of a dome 51, which is preferably 
clear plastic, so that the presence of the purging liquid 
inside of it can be easily seen, which is sufficiently 
larger than sheath 11 to leave a space between the 
sheath and dome 51, and a handle 52 preferably in 
tegrally formed with the top of the dome 51. It will, of 
course, be possible to make the handle 52 separately 
and attach it to the dome 51, if desired. The base of the 
sheath 11 has an exterior threaded portion 53 onto 
which interior threads 54 at the base of the dome 51 
are threaded to secure the dome and the sheath to each 
other. The dome 51 further preferably has a very small 
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8 
bleed hole 55 therein, preferably at a position adjacent 
the position of the entrance into the outlet passage 10h, 
to prevent an air or vapor lock in the space T between 
the sheath 11 and the dome 51. Depending from the 
base of the sheath 11 along the outside of the body 10 
is a skirt 56 which is angled outwardly from the body 
10 and having an aperture 57 therein, and when the 
sheath is in position on the body 10, the aperture 57 is 
aligned with a bore 58 in the body in which is a spring 
loaded pin 59 having a rounded top, preferably with a 
notch therein. The spring loaded pin 59 normally 
projects out through the aperture 57, thus holding the 
sheath 11 against rotation while the dome 51 is un 
screwed from the sheath 1 1. 

in use, if the sheath 11 is already present on the in 
strument, the cover SO is threaded onto the threaded 
portion 53 by means of the handle 52, and thereafter 
the purging alcohol is passed through the instrument as 
described above. The alcohol will be forced through 
the porous sheath 11 into the space T, but will be 
blocked from further escape by the dome 51. Any air 
trapped in the space T will be forced out of the bleed 
hole 55. The bleed hole 55 should not be so large as to 
allow any appreciable amount of liquid alcohol to es 
cape. Vaporized alcohol can escape, however. 

After purging with the alcohol, purging with the ni 
trogen gas is carried out as described above. The instru 
ment is then ready for use, as described above. Prefera 
bly, the cover 50 is removed only after the anti 
cryoadhesion cryogenic material begins to come 
through the sheath 11. 

Alternatively, it may be desirable to make the sheath 
11 disposable, and to supply the sheath 11 and the 
cover 50 as a single unit which is used only one time 
and then disposed of. When the sheath 11 and the 
cover 50 are supplied as a single unit, the dome 51 will 
already be threaded onto the sheath 1. This unit is at 
tached to the instrument by threading the unit made up 
of the sheath 11 and cover 50 onto the body 10. It will 
be noted that the skirt 56 is angled away from the body 
10 so that during the threading of the unit onto the 
body 10, the skirt 56 will engage the pin 59 to depress 
it. When the unit is tightly threaded onto the body 10, 
the aperture 57 is aligned with the pin 59 which is then 
spring urged through the aperture 57. The pitch of the 
threads 12 is sufficiently large so that the aperture 57 
comes opposite the pin 59 only during the last turn of 
the sheath 11. The remainder of the purging procedure 
is as described above. To remove the sheath 11, the pin 
59 is depressed by engaging a simple pointed tool with 
the notch in the end of the pin 59 and pushing the pin 
59 inwardly and then unscrewing the sheath. 
The sheath 11 is shown as having the shape of a sim 

ple probe. However, other shapes of sheath can be 
used. FIGS. 5 and 6 show a sheath 31 having the shape 
of a scalpel blade. The sheath 31 is generally cylindri 
cal, but along one side thereof it has a blade portion 
32a with a cutting edge 32b therein, preferably formed 
on a solid metal insert 32. The contour of the knife 
edge along the length of the sheath is that of a common 
form of scalpel. The base of the sheath has internal 
screw threads 33 the same size as those on the sheath 

1 so that the sheath 31 can be threaded onto the body 
10 to replace the sheath 11, thereby transforming the 
instrument into a cryogenic scalpel. The interior of the 
sheath 31 is shaped so that it will accommodate the 
core head 16a and leave a space S between it and the 
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core head through which the fluid anti-cryoadhesion 
cryogenic material can flow during the use of the in 
strument. Other forms of blade shaped sheath which 
can be used with the present instrument are shown in 
FIGS. 3, 4a-4e, 6, 7 and 9-12 of my above-identified 5 
patent. 
Otherwise, the structure and operation of the instru 

ment are the same as for the instrument in FIGS. 1-3. 
It is desirable to make the core 16 interchangable so 

that core heads can be provided which fit inside of the 1() 
scalpel shaped sheaths 31 more properly. Two alter 
nate core structures for this purpose are shown in 
FIGS. 7 and 8. In FIG. 7, the entire core 16 is remov 
ably held in the body 10. At the inner or lower end of 
the shank 16k of the core 16, as shown in the Figure, is 
is an annular groove 16n, and projecting into the 
groove 16m is the end of a shaft 61 of a turnbutton 60. 
The shaft 61 extends through a bore 65 through the 
body 10 and on the outer end of the shaft 6 is a head 
62. Turnbutton holding means is also provided. On an 20 
enlarged portion 63 between the shaft 61 and the head 
62 is a male portion 64 of a bayonet type joint, the fe 
male portion of which are shown at 66a and 66b around 
the end of the bore 65. A spring 67 in the bore 65 urges 
the turnbutton 60 outwardly of the body 10. 
With the parts in the position shown, the shank 16k 

is free of the end of the shaft 61, and the core 6 can 
be withdrawn from the body 10 and replaced by a dif 
ferent core with the same shape shank. To hold the 
shank in the body 10, the turnbutton is pushed into the 30 
bore 65 against the force of the spring 67 and then 
turned to engage the male and female portions 64 and 
66 of the bayonet joint, thus moving the end of the 
shaft 61 into the groove 16m and holding it there. Dis 
engagement is carried out by turning the turnbutton in 35 
the opposite direction and releasing the force on it, so 
as to allow the spring 67 to force the turnbutton to the 
position as shown in the figure. 
The embodiment shown in FIG. 8 is somewhat less 

complex than that of FIG. 7. The head 16a and the 40 
shank 16b are separate parts, the head 16a having a 
spindle 16n depending therefrom and fitting tightly into 
a recess 16r in the shank 16b. Threads 16q around the 
spindle 16n where it joins the head 16a engage with 
threads 16p around the upper end of the recess 16r in 45 
the shank 16b. The head 16a is thus simply unscrewed 
from the shank 16b and replaced by a head with a simi 
lar spindle and threads. 

It is thought that the invention and its advantages will 
be understood from the foregoing description, and it is 50 
apparent that various changes may be made in the form 
construction and arrangement of the parts without de 
parting from the spirit and scope of the invention or 
sacrificing its material advantages, the forms hereinbe 
fore described and illustrated in the drawings being 55 
merely preferred embodiments thereof. 
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TABLE I 

2 3. 4. 
60 

Boiling Point 39 () 53 93 
C 

Thermal Conductivity 
f(m) (Sec) (C) 3 31 3. 31. 

Vapor Pressure 
at 52°C psia 2.7 2.03 ().23 0.82 
Wiscosity 65 
at 25C CS 03 0.6 1.3 2.3 

O 
What is claimed is: 
1. A cryosurgical instrument comprising a body of 

heat insulating material, a hollow sheath comprised of 
a good heat conducting material at least a portion of 
which is porous, said sheath being on one end of said 
body, a core of good heat conducting material project 
ing into said sheath from within said body having the 
outer surface thereof spaced from the inner surface of 
said sheath so as to leave a space between said core and 
said sheath, said body having an inlet passage the re 
through opening into said space, said body having an 
outlet passage therethrough opening out of said space, 
said body having a heat exchange space along the por 
tion of said core within said body and means for direct 
ing a flow of heat exchange fluid therethrough for ex 
changing heat between said core and fluid flowing in 
said heat exchange space, and means for Supplying a 
heat exchange fluid to said heat exchange space. 

2. A cryosurgical instrument as claimed in claim 1 in 
which said inlet passage has a branch connected to one 
end of said heat exchange space and the other end of 
said space being connected to said outlet passage. 

3. A cryosurgical instrument as claimed in claim 1 in 
which said sheath is detachably mounted on said body. 

4. A cryosurgical instrument us claimed in claim 1 in 
which said sheath is in the form of a probe. 

5. A cryosurgical instrument as claimed in claim in 
which said sheath is in the form of a blade and has a 
blade portion along one side thereof having a knife 
edge thereon. 

6. A cryosurgical instrument as claimed in claim 1 in 
which said core is a replaceable core. 

7. A cryosurgical instrument as claimed in claim 6 in 
which the free end of the portion of said core within 
said body has an annular groove therearound, and a 
turnbutton movably extending through said body and 
engageable in and disengageable from said groove for 
preventing removal of said core when engaged in said 
groove and freeing the core for removal when disen 
gaged from said groove. 

8. A cryosurgical instrument as claimed in claim 6 in 
which the portion of said core within said body is sepa 
rate from the portion within said sheath and has a re 
cess therein, and said portion of the core within said 
sheath has a spindle projecting the refrom and fitting 
into said recess, and thread means on said spindle and 
on the portion of said core within said body around the 
said recess engageable with each other for retaining 
said spindle in said recess. 

9. A cryosurgical instrument as claimed in claim 1 
further comprising a cleaning and purging means hav 
ing a supply of cleaning fluid and a supply of purging 
gas, valve means for alternately coupling said supplies 
to the inlet passage of said body, said cleaning and 
purging means further being connected to the outlet 
passage of said body. 

10. A cryosurgical instrument as claimed in claim 9 
further comprising a cover removably secured over 
said sheath and spaced therefrom for containing the 
fluid forced through said sheath during cleaning and 
purging. 

11. A cryosurgical instrument as claimed in claim 10 
in which said cover has a bleed hole therein adjacent 
the point where said outlet passage opens out of said 
space. 

12. A cryosurgical instrument as claimed in claim 10 
in which said sheath has a base threadedly mounted on 
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the end of said body and said cover is threadedly at 
tached to said sheath around said base. 

13. A cryosurgical instrument as claimed in claim 12 
in which said body has spring loaded coupling means 
thereon for engaging said sheath for preventing said 
sheath from moving when said cover is renoved there 
from. 

14. A cryosurgical instrument as claimed in claim 10 
in which said cover is transparent. 

15. A cryosurgical instrument as claimed in claim 1 
further comprising a reservoir for a fluid anti-cryoadhe 
sion-cryogenic material, means coupled to said reser 
voir for circulating the fluid material from the outlet 
passage of said body to the inlet passage of said body 
through said reservoir and including a pump, a filter 
and a pressure regulator, and further heat exchange 
means in heat exchange relationship with said means 
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12 
for cooling said fluid material to a cryogenic tempera 
tute. 

16. A cryosurgical instrument as claimed in claim 15 
further comprising a cleaning and purging means hav 
ing a supply of cleaning fluid and a supply of purging 
gas and valve means coupled thereto and coupled be 
tween said reservoir and said means for circulating the 
fluid material, whereby said cleaning fluid and said 
purging gas can be supplied to said instrument through 
said means for circulating said fluid material for also 
cleaning and purging said means for circulating the 
fluid material and said reservoir, and a bleed valve be 
tween said valve means and said reservoir for removing 
cleaning fluid and purging gas from said instrument and 
said reservoir and said means for circulating the fluid 
material. 
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