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SPECIFICATION
Cryotherapy apparatus

The present invention relates to cryotherapy
apparatus of the kind comprising a tubular
handle provided with an axial pipe defining
therewith an annular passage, a refrigerant
supply pipe connected to said axial pipe, and
a tubular probe extending from the handle
and closed at its end remote from the handie,
the said probe containing an axial capillary
tube communicating at one end with the axial
pipe of the handle and terminating, at its
opposite end, close to the closed end of the
probe, the said capillary tube and tubular
probe together defining a chamber surround-
ing the free end of the capillary tube and an
annular passage communicating the chamber
with the annular passage of the handle.

In operation of the apparatus, a pressurised,
liquified refrigerant which has an evaporation
temperature less than the ambient tempera-
ture, is fed via the supply pipe to the axial
pipe of the handle from where it passes into
the capillary tube to effect cooling of the
probe by expansion and evaporation as it
enters into the surrounding chamber of the
probe. The expanded refrigerant is discharged
through the annular passages in the probe
and handle.

It is known that some kinds of cells of the
human and animal body can be treated, and
operated upon, in a more efficient manner by
using refrigerating apparatus of the aforesaid
kind to induce localised congealing of the
body tissue at very low temperatures.

Such apparatus has for some time been
used for therapeutic or surgical purposes, es-
pecially in such fields as otorhinolaryngology,
urology, dermatology, neurosurgery, gynae-
cology, and ophthalmology.

In such cryotherapy apparatus, the problem
arises that it is not possible in practice to
provide an efficient thermal insulation be-
tween the probe and the handle which is held
by the doctor or the surgeon during the
operation. It has therefore been necessary to
provide devices for adjusting the flow of the
refrigerant in order to prevent excessive cool-
ing of the handle.

In known cryotherapy apparatus, such de-
vices generally consist of valves which are
partly manually controlled so as to prevent the
excess cooling produced by evaporation of the
refrigerant within the probe, and not absorbed
by the tissues, from causing freezing of the
handle.

In these known devices, proper adjustment
of the flow of refrigerant is wholly dependent
on the sensitivity and dexterity of the opera-
tor, who is obliged, at the risk of dangerous
consequences, to transfer his attention from
the purely medical aspect of the operation to
the technical aspect associated with this ad-

justment.

It is therefore an object of the present
invention to effect automatic control of the
apparatus such as to prevent excessive cool-
ing of the handle while keeping the probe at a
temperature appropriate for the therapeutic or
surgical use intended.

In accordance with the present invention,
temperature regulation in cryotherapy apparat-
us of the kind referred to, is effected by the
provision of an electromagnetically operable
pressure reducing valve connected into the
refrigerant supply pipe and including a mov-
able valve closure member arranged to give
unrestricted or restricted flow of refrigerant
through the valve in dependence on the state
of energisation of an electromagnetic winding
of the valve, a temperature sensor arranged to
sense the temperature of the handle and to
output a signal indicative of that temperature,
a first electrical heating element arranged,
when energised, to warm refrigerant entering
the pressure reducing valve, a second electri-
cal heating element located within the handle,

90 and an electronic control circuit responsive to
the temperature sensor output signal indicat-
ing that the handle temperature has fallen
below a predetermined threshold value, to
energise the first and second heating elements

95 and to change the state of energisation of the
electromagnetic winding of the valve to that in
which flow through the pressure reducing
valve is restricted.

In this manner, not only is the handle of the
100 cryotherapy apparatus maintained at an ap-
propriate temperature, but the amount of re-
frigerant supplied to the probe is also regu-
lated to that actually required for an efficient
cooling of body tissue thereby avoiding both
105 the waste of refrigerant due to over-supply,
and inadequate cooling of the probe due to
under-supply.
Cryotherapy apparatus embodying the in-
vention will now be particularly described, by
110 way of example, with reference to the accom-
panying drawings, in which:
Figure 1 is a perspective view of the cryo-
therapy apparatus;
Figure 2 is a diagrammatic representation
115 of the apparatus;
Figure 3 is a view, partially in axial section,
of a pressure reducing valve of the apparatus;
Figure 4 is a view in axial section of a
handle and probe of the apparatus; and
120 Figure 5 is a block diagram of an electronic
control circuit of the apparatus.
As shown in Fig. 1, the cryotherapy appa-
ratus includes a metal support structure 10
consisting of a column support 16 secured to
125 the centre of an H-shaped lower frame 12,
whose arms pivotally mount four wheels
which give mobility to the apparatus.
The support 16 carries a transverse shelf
18 which together with a metal locking ring
130 20 serves to support a pair of pressurised
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containers 22. The containers 22 contain a toured.
liquified refrigerant which has an evaporation A union 76 extending transversely from the
temperature less than the ambient tempera- tubular body 42 serves for the outlet of the
ture and which, for example, is anhydrous refrigerant. The union 76 communicates with

5 nitrogen oxide under a pressure of between 70 the space around the valve closure member
40 and 70 atmospheres. 60 via the groove 74 in the sleeve 72 and a :
As shown in Fig. 2, the containers 22 are groove in the magnetic core 54.
connected via feed piping 24 to a pressure A hollow cylindrical element 82 is located
reducing valve 26 housed within a control box within the sleeve 72 and coupled thereto by a :

10 28 (Fig. 1) mounted on the upper end of the 75 threaded coupling. The end 84 of the element
support 16. 82 facing the electromagnet 50 projects out-

The pressure reducing valve 26 is con- side the sleeve 72 and bears against the %
nected, via a union 30 provided on a front opposed end face of the magnetic core 54.
control panel 32 of the control box 28 and a The end 84 of the cylindrical element 82

15 flexible pipe 34 connected to the union 30, to 80 has an axial hole which opens into the internal s
one end of a handle 36 which carries a probe cavity of the element 82 and which slidably
38 at its other end. mounts a cylindrical rod 88. One end of the

The pressure reducing valve 26 is of the rod 88 extends within the cavity of the cylin-
electromagnetic kind, and is connected to an drical element 82 and is formed with an

20 electronic control circuit 40, housed within 85 enlargement 90 which is urged against the
the control box 28. The control circuit 40 will internal face of the end 84 by a helical spring
be described in more detail hereinafter. 92 housed inside the cavity of the cylindrical

The pressure reducing valve 26 is shown in element 82. The opposite end of the rod 88
Fig. 3, and comprises a tubular body 42 extends into the cavity of the magnetic core

25 which terminates at one end in an inlet union 90 54, coaxial with the rod 64 which carries the
44 connected to the feed piping 24 and valve closure member 60.
around the outer surface of which is wound A nut 94 screw threadedly engages the end
an electrical resistance element 46. The ele- of the tubular body 42 opposite to the inlet
ment 46 is connected between electrical earth union 44. A rotatable shaft 96 extends

30 and an output of the electronic control unit 95 axially through the nut 94 in a sealing en-

40. gagement therewith. The inner end 98 of the
An electromagnet 50 is housed within the shaft 96 is housed coaxially within the sleeve

tubular body 42 of the valve 26, close to the 72. The shaft 96 has, close to this end 98, a

union 44. The electromagnet 50 consists of radial hole 100 into which a pin 102 is

35 an electrical excitation winding 52, connected 100 shrink-fitted. One end 104 of the pin 102
to the electronic control circuit 40, and a projects beyond the surface of the shaft 96
hollow magnetic core 54 axially slidable and bears against the helically contoured front
within the winding 52. end face 80 of the sleeve 72.

A rod 64 is arranged for axial sliding move- That end of the shaft 96 which extends

40 ment within the cavity of the magnetic core 105 outside the tubular body 42 passes through
54. At its end adjacent the union 44, the rod the control panel 32 of the control box 28,

64 has an enlarged cylindrical portion 62 to and carries a control knob 108.
which is fixed a conical valve closure member The outlet union 76 of the pressure reduc-
60. The cylindrical end portion 62 is arranged ing valve is connected via a pressure gauge

45 to slide in a cavity 66 of the union 44. The 110 110 (Fig. 2), the indicator of which is located
cavity 66 communicates via a narrow duct 58 on the control panel 32, to the union 30,
formed in the union 44, with the interior of which in turn is connected via the flexible
the piping 24. The conical valve closure mem- pipe 34 with the end 112 (Fig. 4) of an axial
ber 60 carried by the rod 64 is axially urged pipe 114 of the handle 36.

50 by a helical spring 68 towards the inner end 115 The pipe 114 has a constant cross-sectional ¥
of the duct 58 which is formed as a valve area and extends through the handle 36 to :
seat. The helical spring 68 reacts between the the entry duct of a chamber 116 formed
cylindrical end portion 62 of the rod and an within a cylindrical element 118 made of
internal shoulder 70 of the core 54. insulating material. :

55 A sleeve 72 is mounted for axial sliding 120 A non-return valve 120 engages within the
movement within the tubular body 42 down- chamber 116 by means of a threaded cou-
stream of the magnetic core 54 (considered in pling. The valve 120 consists of a cup ele-
terms of the direction of refrigerant flow ment 122 sealing a ball 124 which is urged
through the body 42 from the piping 24 to under the action of a helical spring 126,

60 the flexible pipe 34). 125 against the mouth of the entry duct extending

The sleeve 72 is held against rotation by from the pipe 114 to the chamber 116. The
means of a spline 78 which engages in a cup element 122 is so formed that refrigerant
groove provided in the sleeve 72. The end entering the chamber 116 can flow past the
face 80 of the sleeve 72, which is remote element 122.

65 from the magnetic core 54, is helically con- 130 A second electrical resistance element 128
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is wound around the exterior of the cylindrical
element 118. One end of the resistance ele-
ment 128 is connected, viaa lead 130
housed within the handle 36, to an electrical
connecting pin 132 for connection to the
electronic control circuit 40. The other end of
the resistance element 128 is connected to
the earth of the handle 36.

A thermocouple 134 is housed within the
handle 36 close to the cylindrical element
118 and is connected, viatwo leads 136,
which lead to two connecting pins 138 which
serve to provide electrical connection to the
electronic control circuit 40. The connecting
pins 132 and 138 and concentrically ar-
ranged with respect to the end 112 of the
pipe 114.

The tubular probe 38 has one closed end
140 and is provided at its opposite end with a
connecting flange 142. The probe 38 is se-
cured to the handle 36 by means of a nut
144, which threadedly engages the handle 36
and screws down onto the flange 142.

A capillary tube 146 which has a diameter
in the order of 0.5 mm, extends coaxially into
the probe 38. One end of the capillary tube
1486 is sealingly fixed into a sleeve 148 which
is located by means of a collar 150 within the
cylindrical element 118 downstream of the
valve 120. The sleeve 148 communicates
with the chamber 1186.

The free end of the capillary tube 146
remote from the sleeve 148 terminates close
to the closed end 140 of the probe 38 to
form with the said probe 38 an annular pas-
sage 152 opening into a chamber 154 delim-
ited by the closed end 140 of the probe 38
and surrounding the free end of the capillary
tube 146.

The chamber 154 and the annular passage
152 communicate, via a passageway 156 and
three ducts 158 defined by a member 159
screwed into the end of the cylindrical ele-
ment 118, with an annular passage 156
defined between the axial pipe 114 and the
outer wall of the handle 36 and communicat-
ing with the atmosphere through apertures
160.

Referring now to Fig. 5, the electronic con-
trol circuit 40 housed within the control box
28 comprises a first stabilised power supply
162 which has an output 164 connected to a
first input 166 of an amplifier 168. The
amplifier 168 has a second input 170, con-
nected to the thermocouple 134, and an
output 172 connected, via an optical isolator
174, to an electronically controlled switching
device in the form of a controlled diode 180.
The controlled diode 180 is connected to a
first output 178 of a second power supply
176 and upon triggering into conduction of
the diode 180, the first output 178 is ar-
ranged to energise the heating elements 46
and 128 and, viaa diode 181, the excitation
winding 52 of the pressure reducing valve

26. The first output 178 of the second power
supply 178 is also connected via a switch
182 mounted on the control panel 32 with
the first input 184 of a relay 186. A diode

70 183 is arranged between the diode 181 and
the switches 182, 202 in order to prevent the
relay 186 from being energised when the
controlled diode 180 is triggered into conduc-
tion and the switches 182, 202 are open. The

75 electrical resistance elements 46 and 128 and
the excitation winding 52 are also connected
to earth 188.

The second power supply 176 has a second

output 190 connected to a second input 192
80 of the relay 186 and to the thermocouple
134. The output 194 of the relay 186 is
connected to a third input 196 of the ampli-
fier 168.
By means of the electrical switch 182
85 mounted on the control panel 32 and con-
nected to a warning light 200 (Fig. 1), or else
by means of a pedal control 202 connected,
by a lead 204, to a connection plug 206
mounted on the control panel 32, it is pos-
90 sible to change the threshold temperature as
will be described below.

The control panel 32 of the control box 28
also carries a digital clock display 208 to give
the operator an indication of the duration of

95 the cryotherapy being performed.

The digital clock display 208 can be
started, stopped or reset by means of a switch
198 mounted on the control panel 32.

Operation of the cryotherapy apparatus will

100 now be described.

To initiate the supply of refrigerant under
pressure into the axial pipe 114 of the handle
36, the operator turns the control knob 108
of the pressure reducing valve 26 to allow the

105 sleeve 72 to move away from the inlet union
end of the body 42 and thereby relieve the
spring urging of the valve closure member 60
carried by the rod 64 towards the duct 58 in
the inlet union 44. As the refrigerant enters

110 the chamber 116 of the handle 36, its pres-
sure is partially reduced owing to the action of
the valve 120. This pressure reduction, whilst
causing a negligible dissipation of thermal
energy owing to the proximity of the probe

115 38, makes it possible to utilise a capillary
tube 146 having a relatively large diameter
(of the order, as stated, of 0.5 mm) without
however, having to use excessive amounts of
refrigerant to provide sufficient cooling. This,

120 apart from facilitating the production of the
said capillary tube 146, reduces the danger of
obstructions being caused by impurities con-
tained within the refrigerant.

The refrigerant passes, through the cham-

125 ber 116 and the sleeve 148, into the capillary
tube 146 and expands into the chamber 154.
Since the cross-section of the chamber 154 is
much greater than the cross-section of the
capillary 146 a sudden expansion of the re-

130 frigerant occurs, which causes the refrigerant



GB2026 324A 4

10

15

20

25

30

35

40

45

50

55

60

65

to evaporate and bring about a considerable

lowering of temperature of the probe 38. By
using the anhydrous oxide of nitrogen as the
refrigerant, it is possible to obtain probe tem-
peratures of around — 89°C.

Following evaporation, the refrigerant flows
out of the chamber 154 through the annular
passage 152, the passageway 156, the pipes
158, and the annular passage 156 to finally
discharge into the atmosphere through the
apertures 160. The cooling caused by expan-
sion and evaporation of the refrigerant is not
limited in its effect solely to a heat exchange
process with the probe 38, and cooling of the
handle 36 and of the thermocouple 134 oc-
curs during the outflow of the refrigerant
through the annular passage 156.

When the temperature signal supplied by
the thermocouple 134 indicates that the han-
dle temperature has fallen below a predeter-
mined threshold value, the amplifier 168 is
arranged to produce a control signal which,
via the optical isolator 174, triggers the con-
trolled diode 180 into conduction to cause
energisation of the winding 52 and the electri-
cal heating resistance elements 46 and 128
from the first output 178 of the supply 176.

The optical isolator 174 comprises a photo-
diode and a cooperating phototransistor, and
serves to electrically isolate the amplifier 168
from the earth connections of the resistance
elements 46 and 128 and of the winding 52.
This leads to a considerable simplification in
construction without giving rise to harmful
feedback to the input 170 of the amplifier
168.

As a result of energisation of the winding
52 of the pressure reducing valve 26, the
core 54 is axially moved which in turn causes
axial movement of the valve member 60 to
partially close the narrow duct 58 which was
previously fully open. Thus a reduction of
pressure occurs in the refrigerant fed to the
handle 36 which results in reduced cooling of
the probe 38 and therefore of the handie 36.

At the same time, energisation of the resis-
tance element 46 warms the inlet union 44 to
compensate for lowering of the temperature of
the refrigerant owing to the pressure reduction
caused by partial closure of the valve 26. The
warming effect of the element 46 also induces
evaporation of the refrigerant which makes
the restricting action of the valve 26 more
effective.

The warming effect of the electrical resis-
tance element 128 aids the restoration of the
temperature of the handle 36 to its correct
value. Upon this temperature value being
reached, the second supply 176 is de-acti-
vated by the thermocouple 134, and the
resistance elements 46 and 128 and the
winding 52 are de-energised. The magnetic
core 54 returns to its position corresponding
to complete opening of the duct 58.

By manual adjustment of the control knob

108 it is possible to vary the position of the
valve closure member 60 in a continuous
manner between a completely open and a
completely closed position of the pressure

70 reducing valve 26. As already outlined, man-
ual operation of the valve 26 is effected by
rotation of the knob 108 to cause the shaft
96 to rotate and move the end 104 of the pin
102 over the helically contoured end face 80

75 of the sleeve 72. This allows the sleeve 72 to
move axially and, owing to the abutment of
the end 84 of the cylindrical element 82
carried by the sleeve 72 and the correspond-
ing end of the magnetic core 54, the force

80 exerted upon the valve closure member 60 by
the spring 68 can be adjusted. In its position
corresponding to complete closure of the
valve 26, the free end of the cylindrical rod
88 is urged against the end of the rod 64 by

85 the helical spring 92. The spring action of the
pin 88 makes it possible to prevent damage
to the entry of the inled duct 58 by the
closure member 60 when completely closing
the duct 58.

90 The described manual adjustment arrange-
ment of the valve 26 makes it possible to use
the cryotherapy apparatus for carrying out
cryotherapy operations without danger of
freezing up of the handle 36 even if the

95 electronic control circuit 40 should break
down or the electricity supply fail.

After use of the apparatus, it is possible to
return the probe very quickly to ambient tem-
perature by operating the switch 182 or the

100 pedal controlled switch 202. Upon closure of
the switch 182 or of the switch 202, the relay
186 is excited which causes the threshold
temperature below which the amplifier 168
produces an output to be raised relative to

105 that applicable during use of the apparatus.
The excitation winding 52 and the electrical
heating resistance elements 46 and 128 are
consequently energised from the second
power supply 176 until the heating effects of

110 the resistance elements 46 and 128 restores
the temperature of the probe to a value near
to ambient temperature.

CLAIMS
115 1. Cryotherapy apparatus comprising a tu-
bular handle having an axial pipe defining
therewith an annular passage, a tubular probe
extending from the handle and closed at its
end remote therefrom, the said probe contain-
120 ing an axial capillary tube communicating at
one end with the said axial pipe of the handle
and terminating at its opposite end close to
the closed end of the probe, the said capillary
tube and tubular probe together defining a
125 chamber surrounding the free end of the
capillary tube and an annular passage com-
municating the chamber with the annular pas-
sage of the handle, and a supply pipe for
supplying pressurised refrigerant having an
130 evaporation temperature less than the ambient

<,
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temperature to said axial pipe of the handle in
order to effect cooling of the probe by expan-
sion and evaporation of the refrigerant as it
passes from said capillary tube into said sur-
rounding chamber of the probe, the expanded
refrigerant being discharged through said an-
nular passages, the apparatus further compris-
ing an electromagnetically-operable pressure
reducing valve connected into the refrigerant
supply pipe and including a movable valve
closure member arranged to give unrestricted
or restricted flow of refrigerant through the
valve in dependence on the state of energisa-
tion of an electromagnetic winding of the
valve, a temperature sensor arranged to sense
the temperature of the handle and to output a
signal indicative of that temperature, a first
electrical heating element arranged, when en-
ergised to warm refrigerant entering the pres-
sure reducing valve, a second electrical heat-
ing element located within the handle, and an
electronic control circuit responsive to the
temperature sensor output signal indicating
that the handle temperature has fallen below
a predetermined threshold value, to energise
the first and second heating elements and to
change the state of energisation of the electro-
magnetic winding of the valve to that in
which flow through the pressure reducing
valve is restricted.

2. Apparatus according to Claim 1, in
which the pressure reducing valve comprises
a tubular body provided with an inlet union
for connection to the refrigerant supply pipe,
an electromagnet housed in the tubular body
adjacent the inlet union and comprising said
winding controlled by the electronic control
circuit and a hollow magnetic core axially
slidable within the winding, a rod movable in
response to movement of the magnetic core
and carrying at one end the valve closure
member, said closure member being arranged
to cooperate with a valve seat provided in the
inlet union, an outlet union for refrigerant
provided on the side of the tubular body
downstream of the electromagnet, and manu-
ally operable control means arranged to effect
movement of the valve closure member to-
wards and away from the valve seat in a
continuous manner between positions corre-
sponding to complete opening and complete
closure of the pressure reducing valve.

3. Apparatus according to Claim 2, in
which the said manually operable contro!
means comprises a sleeve axially slidable but
non-rotatably mounted within the tubular
body downstream of the electromagnet, the
said sleeve being provided with a peripheral
axial groove communicating with the said out-
let union and the end face of the said sleeve
remote from the electromagnet being helically
contoured, a hollow, cylindrical element
threadedly engaging within the sleeve, the
end of the said cylindrical element facing
towards the electromagnet projecting outside

the sleeve so that it can abut against the
magnetic core of the said electromagnet, a
rod member slidably mounted in an axial
opening made in the said end of the hollow
cylindrical element facing the electromagnet,
one end of the rod member extending into the
interior of the magnetic core coaxially with the
rod mounting the valve closure member and
the opposite end of the rod member being
provided with an enlargement located within
the internal cavity of the said hollow cylindri-
cal element and resiliently urged against the
said end of the hollow cylindrical element
provided with the axial opening mounting the
rod member, a rotatably mounted shaft ex-
tending through the end of the tubular body
opposite to the inlet union, the end of the
shaft outside the tubular body being provided
with a control knob, and a pin located in a
radial hole made in the shaft adjacent its inner
end, the said pin having one end projecting
from the radial hole to engage the helically
contoured end of the sleeve such that rotation
of the shaft by means of the control knob is
90 effective to cause axial movement of the
sleeve and of the magnetic core resulting in
movement of the valve closure member be-
tween completely open and completely closed
positions, the said one end of the rod member
95 being arranged to abut against the rod carry-
ing the closure member when the latter is in
said completely closed position.

4. Apparatus according to any one of the
preceding claims, in which the electronic con-

100 trol circuit comprises an amplifier connected
to receive the temperature sensor output sig-
nal and operative to generate a control signal
upon the handle temperature falling below
said threshold value, a power supply having a

105 first output connected via an electronically
controlled switching device to the electromag-
netic winding of the pressure reducing valve
and to the two heating elements, the said
switching device being arranged to receive

110 said control signal from the amplifier via an

optical isolator and thereupon to effect energi-
sation of the heating elements and of the
winding from the first output of the power
supply.

5. Apparatus according to Claim 4, in
which the electronic control circuit further
comprises a relay connected to a further input
of the amplifier and having a first input con-
nected to a second output of the power sup-
120 ply and a second input connected via a manu-

ally operable switch, to the first output of the
supply, the switch being movable between an
open position and a closed position, the latter
position causing excitation of the relay which,

125 in turn, is effective to cause an increase in
said temperature threshold value.

6. Apparatus according to any one of the
preceding claims, in which the temperature
sensor is a thermocouple.

130 7. Cryotherapy apparatus, substantially as
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hereinbefore described with reference to the
accompanying drawings.
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