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[21] Appl. No.: 371,935 ABSTRACT 
A surgical device includes a ?exible inner tube having 
one end dipped in a liquid refrigerant, a ?exible outer 
tube receiving the inner tube and having a freezing tip 
disposed at a distance from the other end of the inner 
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pump for evacuating the outer tube and space, so that 
the refrigerant is introduced into the space through 
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SURGICAL DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates to a surgical device for freezing 
and treating the diseased portion of the cavity wall such 
as the inner wall of the stomach. 

In surgical operations for cancer of the urinary blad 
der, hypertrophy of the prostatic gland and the like, 
there is commonly used a surgical device for freezing 
the diseased portion to destroy the affected cellular tis 
sue. In the device, the diseased portion is frozen by a 
freezing metal .tip which is cooled in contact with and 
by evaporation of a liquid refrigerant such as liquid ni 
trogen. The liquid refrigerant is supplied from a refrig 
erant container through an innertube to be evaporated 
near the metal tip and then the evaporated refrigerant 
is discharged through an outer tube. 

In the conventional device, such a liquid refrigerant 
is supplied into the ?rst tube by means of pressuring the 
liquid in the container. Such a means tends to give rise 
to a complicated construction and difficulties in adjust 
ing the temperature of the metal tip. Further other 
means to thermally insulate a liquid refrigerant ?owing 
through the inner tube from the outside is unable to sat 
isfy the following requirements. The means has been 
required to have an excellent insulation and permit the 
outer tube to be of a small outer diameter. 

‘SUMMARY OF THE INVENTION . 

It is an object of this invention to provide a surgical 
device which is simple in construction andprovides suf 
ficiently controllable low temperature for freezing the 
diseased portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a surgical device having 
a surgical instrument and a cystoscope; v 
FIG. 2 is a side view .of a surgical device having the 

surgical instrument and another cystoscope; 
FIG. 3 is a perspective view of an endoscope com 

bined with the surgical instrument; and 
FIG. 4 is an enlarged sectional view showing the part 

of the endoscope illustrated in FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a surgical device having a surgical in 
strument l and a cystoscope 2 to perform an operation 
for cancer of the urinary bladder. The surgical instru 
ment 1 includes an elongated ?exible outer tube 3 
formed of, for example, polytetra?uoroethylene or syn 
thetic resin and a ?exible inner tube 4 of a freezing 
resistant material e.g., ?uorine resin which is inserted 
in the outer tube 3. The outer diameter of the inner 
tube 4 is made slightly smaller than the inner diameter 
of the outer tube 3 so as to provide a cylindrical space 
between the tubes 3 and 4. The outer tube, however, 
is movably disposed relative to the inner tube. Prefera~ 
bly, the outer tube 3 has a plurality of adiabatic ribs on 
its inner surface which extend in the lengthwise direc 
tion and are equally spaced apart from each other so 
that the inner tube 4 may be .coaxially supported by the 
outer tube 3. This insures that refrigerant ?owing 
through the inner tube is thermally insulated from the 
outer tube 3. Alternatively, it is possible to form adia 
batic ribs on'the outer surface of the inner tube 4. 
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2 
A freezing metal tip 5 is sealingly mounted on one 

end of the outer tube 3. A nozzle 6 is formed at one end 
of the inner tube 4 and slightly spaced apart from the 
inner surface of the metal tip 5 to de?ne a space there 
between. 
A rigid inner sleeve 7 is tightly connected at one end 

to the other end of the outer tube 3. The inner sleeve 
7 is slidably inserted in an outer sleeve 8 which is closed 
at one end facing the other end of the inner sleeve 7. 
An O-ring seal 9 is fitted on the outer wall of the inner 
sleeve 7 so as to enable the inner sleeve 7 to slide 
through the outer sleeve 8 in an air-tight manner. A 
threaded hole is formed in the side wall of the outer 
sleeve 8, preferably near the open end of the outer 
sleeve 8. A screw 10 is inserted in the threaded hole to 
fix the inner sleeve 7 to the outer sleeve 8. Since the 
outer tube 3 is connected to the inner sleeve 7 and the 
inner tube 4 is fixed to the outer sleeve 8, the distance 
between the nozzle 6 and the metal tip 5 is easily ad 
justed by sliding the inner sleeve 7 through the outer 
sleeve 8. The adjusted distance may be maintained by 
tightening the screw 10 to fix the inner sleeve 7 to the 
outer sleeve 8. 
An exhaust pipe 11 is connected at one end to the 

outer sleeve .8 near the closed end and at the other end 
to a vacuum pump 12. The exhaust pipe 11 has a vac 
uum gauge 12a so as to measure vacuum pressure in 

the exhaust pipe 11, outer sleeve 8, inner sleeve 7, and 
the outer tube 3. - 
The inner ‘tube 4 inserted in the outer tube 3 extends 

through sleeves 7 and .8 into refrigerant such as a liquid 
nitrogenin a refrigerant container 13. To the end of the 
inner tube 4 dipped in the refrigerant is attached a filter 
14 which permits only the refrigerant to pass through 
the inner tube 4. Part of the inner tube 4 extending 
from the closed end of the outer sleeve 8 to the con 
tainer 13 is covered with an adiabatic member 15 of, 
for example, polystyrene foam. 
The surgical instrument 1 may be assembled with the 

cystoscope 2 wherein the end portion of the outer tube 
3 is inserted movably through the sheath 16 of the cys~ 
toscope. The freezing tip 5 is extended from one end of 
the sheath 16. A light guide 17 made of an optical ?ber 
bundle is inserted into the sheath 16 to illuminate the 
area around the diseased part and freezing tip 5. The 
sheath 16 is provided with a water inlet 18 and outlet 
19 to pass the water through the sheath thereby melting 
the ice formed on the periphery of the outer tube 3. 
The operation of the surgical instrument 1 and cysto 

scope 2 to treat cancer of the urinary bladder is de 
scribed below. 

First, the diseased portion is located with-the naked 
eye through the sheath while illuminating the inner wall 
of ‘the urinary bladder. Then, the freezing tip 5 is 
brought close to the diseased portion. In this condition, 
the outer sleeve 8 and outer tube 3 are evacuated by 
operating the vacuum pump 12 so that the refrigerant 
in the container 13 may be conducted through the 
inner tube 4 to the nozzle 6 and projected from the noz 
zle 6 to the freezing tip 5. The refrigerant, when pro 
jected from the nozzle 6, is evaporated and discharged 
through the outer tube 3. The freezing tip 5 is cooled 
in contact with the refrigerant and also by evaporation 
of the refrigerant. While observing both the tip 5 and 
the diseased portion through the cystoscope 2, the tip 
5 which is cooled is brought into direct contact with ex 
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actly the diseased portion to freeze the diseased portion 
and treat the cancer of the urinary bladder. 

’ Another type of the cystoscope 20 which may be as 
sembled with the surgical instrument 1 will be illus 
trated with reference to FIG. 2. 
The cystoscope 20 includes a sheath 21 with a closed 

top end, an opening 22for the surgical instrument and 
window 23. A telescope 24 is slidably inserted in the 
sheath through a guide formed in the sheath, which is 
provided with an ocular 25 at one end and an observing 
window 26 at its other end. An optical system con 
structed with lenses and a prism is mounted in the tele 
scope 24 to optically connect the ocular 25 to the ob 
serving window 26. The telescope 24 is further pro 
vided with a light guide 27 made of a bundle of optical 
fibers, which guides a light from a light source (not 
shown) to the windows 23, 26. 
The flexible outer tube 3 of the surgical instrument 

1 is inserted through the sheath 21' at an opening 
formed on the base side thereof. The top portion of the 
‘outer tube 3 and metal tip 5 are extended from the 
opening 22 near the window 23. The extended portion 
of the outer tube 3'may be controlled to vary its in 
clined angle to the longitudinal axis of the telescope by 
operating an angle adjusting mechanism 28. The mech 
anism 28 may be designed to have the same construc 
tion as a conventional forceps raising mechanism of an 
endoscope. The mechanism 28 includes a pivoted arm 
mounted, in the sheath and a wire one end of which is 
connected to the arm and the other end of which is 
connected to a lever 29 mounted on the base of the 
sheath. The arm may be pivoted by the operation of the 
lever 29 to change the inclined angle of the outer tube 
3. ‘ 

The operation of the surgical device shown in FIG. 2 
is substantially similar to that of FIG. 1 and thus omit 
ted in the description. ' 
FIGS. 3 and 4 show a well known endoscope 30 com 

bined with the surgical instrument 1 described above, 
which includes a control unit 31, a ?exible tube 32 to 
be inserted into the body cavity and a distal end 33 at 
tached to the end of the ?exible tube 32. The distal end 
33 is provided with a viewing window 34, an illuminat 
ing window 35 for illuminating the viewing field of the 
window 34 and a forceps opening 36, which are formed 
on the front side of the distal end 33. The viewing win 
dow 34 is optically connected to an ocular 37 mounted 
on the control unit 31 through a bundle of optical ?bers 
arranged in the ?exible tube 32. The illuminating win 
dow 35 is optically connected to a light source (not 
shown) through a light guide disposed in the ?exible 
tube 32 and control unit 31. The control unit 31 also 
includesa forceps inlet opening 39 through which a 
forceps (not shown) may be inserted into the forceps 
channel provided in the ?exible tube 32 until the end 
of the forceps extends out through the forceps opening 
36 of the distal end 33. In the distal end near the for 
ceps opening 36 there is arranged a forceps raising 
mechanism 40 which is mechanically connected to the 
control unit 31 through a wire, so that the raising mech 
anism 40 is operated by the control unit 31 to change 
the inclined angle ‘of the extended portion of the for 
ceps. The endoscope 30 is further provided with a 
bending mechanism (not shown) which is also operated 
by the control unit to adjustably vary the bending angle 
of the portion of the ?exible tube 32 near the distal end 
33. ~ 
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4 
In operation, the surgical instrument 1 is combined 

with the endoscope 30, as shown in FIG. 3. The outer 
tube 3 of the surgical instrument is inserted into the for 
ceps inlet opening 39 of the latter endoscope to extend 
the. top of the outer tube 3 and the metal tip 5 from the 
forceps opening 36 in the distal end 33, instead of a 
conventional forceps. The distal end 33¢;and, ?exible 
tube 32 are inserted into the cavity of a human body, 
together with the outer tube 3 and metal tip 5 of the 
surgical instrument. Then, the diseased portion is ob 
served through the ocular 37 and viewing window, and 
the inclined angle of the extended portion of the outer 
tube 3 is adjusted by operating the forceps raising 
mechanism to allow the metal tip 5 to contact with the 
diseased portion. Operation of the surgical instrument 
is similar to that detailed in connection with FIG. 1 and 
thus omitted in the description. 
With the described surgical devices, the diseased por 

tion of the human body may be frozen by direct contact 
with the metal tip which has been cooled in the follow 
ing manner. The liquid refrigerant contained in the 
container 13 is sucked into the inner tube 4 and then 
sprayed or projected from the nozzle 6 into the evapo 
rating space between the nozzle 6 and the inner surface 
of the metal tip 5, by driving the vacuum pump 12 to 
evacuate said evaporating space through the discharge 
tube 11 and the outer tube 3. The projected refrigerant 
may be evaporated in the evaporation space to effec 
tively cool the metal tip, since the evaporating space 
has large dimensions relative to the opening of the noz 
zle. The dimensions of the evaporating space may be 
adjustably changed by moving the inner sleeve 7 
through the outer sleeve 8 along its longitudinal axis, so 
that the temperature of the metal tip may be easily con 
trolled. 

- The vacuum means such as pump 12 evacuates the 

cylindrical space between the outer tube 3 and inner 
tube 4, so that the liquid refrigerant in the container 13 
may be introduced into the evaporating space through 
the inner tube 4, and also the nozzle 6 and the liquid 
refrigerant ?owing through the inner tube may be ther 
mally insulated from the outside. 

In the surgical device according to the present inven 
tion supplemental means for pressuring the liquid re-' 
frigerant may be added to the vacuum means so as to 
introduce the refrigerant into the evaporating space. 
What we claim is: . 

l. A surgical device for treating a diseased portion 
comprising an inner tube having one end dipped in a 
liquid refrigerant and the other end provided with a 
nozzle, an outer tube spaced from and surrounding at 
least the other end portion of the inner tube and the 
nozzle, said tubes being movably disposed relative to 
each other, the outer tube having a freezing tip at one 
end disposed at a distance from the nozzle to de?ne an 
evaporating space therebetween, vacuum means for 
evacuating the space between the outer periphery of 
the inner tube and the inner periphery of the outer tube 
and the evaporating space, to introduce the liquid re 
frigerant from said one end of the inner tube to the 
evaporating space, whereby the refrigerant is evapo 
rated in said evaporating space to cool said freezing tip, 
the evaporated refrigerant then passing through the 
space between the. inner and outer tubes to thermally 
insulate from the ambient the liquid refrigerant passing 
through the inner tube, said vacuum means being con 
nected to an outer sleeve ?xed to the inner sleeve, an 
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inner sleeve coaxially inserted in said outer sleeve and 
movable along its axis, one end of said inner sleeve 
being connected to the other end of said outer tube, 
and a member for fixing the position of the inner sleeve 
relative'to the outer sleeve, whereby to adjust the dis 
tance between the nozzle and freezing tip to control the 
dimensions of the evaporating space. 

2. The surgical device according to claim 1 wherein 
said inner and outer tubes are ?exible tubes, 

3. The surgical device according to claim 2 wherein 
said ?exible tubes are made of thermal insulating sub 
stance. 

4. The surgical device according to claim 3 wherein 
the thermal insulating substance is poly?uoroethylene. 

5. The surgical device according to claim 2 wherein 
the freezing tip is attached to the end of the outer tube 
and made of metal. 

6. The surgical device according to claim 1 which 
further comprises means for observing the freezing tip. 

7. The surgical device according to claim 6 wherein 
said observing means is a cycstoscope comprising a 
sheath through which the outer tube is inserted to ex 
tend the freezing tip from an open end of the sheath, 
and a light guide inserted in the sheath for illuminating 
the area around the freezing tip. 

8. The surgical device according to claim 6 wherein 
said observing means is a cystoscope comprising a 
sheath with an opening and window which are formed 
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6 
near one end of the sheath, a light guide inserted in the 
sheath to illuminate the viewing field of the window, 
and a telescope slidably inserted in the sheath and hav 
ing an ocular and optical system optically connecting 
the ocular to the window, the outer tube being slidably 
inserted through the sheath with the freezing tip ex 
tended from the opening in the sheath. 

9. The surgical device according to claim 6 wherein 
said observing means is an endoscope comprising a dis 
tal end with a viewing window, illuminating window, 
opening, and a raising mechanism, a ?exible tube on 
one end of which the distal end is mounted, and a con 
trol unit mounted on the other end of the ?exible tube 
having an inlet opening and an ocular optically con 
nected to the viewing window in the distal end, the 
outer tube being slidably inserted into the control unit 
inlet opening and through the endoscope, so that said 
one end of the outer tube and the freezing tip are ex 
tended from the opening in the distal end, and the ex 
tended portion of the outer tube end being adjustably 
inclined by the raising mechanism. 

10. The surgical device according to claim 1 which 
further comprises a container for the liquid refrigerant 
in which said one end of the inner tube is dipped. 

11. The surgical device according to claim 10 
wherein said one end of the inner tube is provided with 
afilter. 

* * * * * 


