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or ‘to atmosphere 

instrument With high freezing poWer and small outer diam 
eter. The proposed cryosurgical instrument may be designed 
as a ?exible cryocatheter or as a rigid cryoprobe. 
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CRYOSURGICAL INSTRUMENT AND ITS 
ACCESSORY SYSTEM 

CROSS REFERENCE APPLICATION 

[0001] This patent application is a continuation application 
of non-provisional application Ser. No. 11/531,058 ?led 12 
Sep. 2006, Which is a continuation of non-provisional appli 
cation Ser. No. 10/637,904 ?led 11 Aug. 2003, now US. Pat. 
No. 7,137,978, Which claims the bene?t of the earlier ?led 
Israeli Patent Application Ser. No. 151486 ?led 26 Aug. 2002, 
and is related to non-provisional application Ser. No. 12/336, 
866 ?led 17 Dec. 2008, all of Which applications are hereby 
incorporated herein by reference in their entirety. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[0002] Not Applicable. 

BACKGROUND OF THE INVENTION 

[0003] There is signi?cant number of patents, especially, 
the USA patents, Which describe different constructions of 
cryosurgical probes and catheters. An aim of these patents is 
to solve some main problems, Which are common to cryosur 
gical probes and catheters. 
[0004] The problems include construction of relatively 
cheap and simple probes or catheters With high reliability and 
suf?ciently effective thermal insulation of their lateral non 
operating Walls. Besides, cryosurgical catheters must have 
high ?exibility, especially, When they are used for cardiac 
interventions. At the same time the closed distal end (cryotip) 
of such probe or catheter must provide in many cases high 
speci?c freeZing capacity at suf?ciently loW-temperatures. 
[0005] Analysis of USA patents related to this ?eld shoWs, 
that constructions of the proposed probes and catheters 
intended for cryosurgery do not conform the above-men 
tioned requirements. 
[0006] For example, US. Pat. No. 3,971,383 proposes a 
cryogenic surgical instrument With a coaxial assembly of the 
?exible lumens; the inner one being connected to a supply of 
cryogenic liquid, and the space betWeen the outer Wall of the 
inner lumen and the next lumen forming a return line for 
evaporated cryogenic liquid Which is vented to the atmo 
sphere; and the space betWeen the outermost one of the 
coaxial lumens and the intermediate lumen containing a gas, 
such as normal butane, serving for thermal insulation of the 
inner and intermediate lumens. 
[0007] US. Pat. No. 5,716,353 describes a probe for cryo 
surgery Which consists of three lumens: an inner lumen for 
supply a cryogenic refrigerant to a cryotip positioned on the 
distal end of an outer jacket lumen, and an intermediate lumen 
situated concentrically around the inner lumen. The channel 
betWeen the inner and intermediate lumens serves as a vent 
ing path for venting cryogenic refrigerant from the freeZing 
Zone. This construction is simple, but it does not provide 
suf?cient thermal insulation as required in construction of a 
cryogenic catheter. Consequently, it may cause over-heating 
of the venting cryogenic refrigerant, as Well as over-cooling 
of tissues adjacent the intermediate section of the catheter. 
[0008] US. Pat. No. 5,573,532 describes design ofa cryo 
surgical instrument, Which comprises lumens of cryogenic 
?uid supply and return of cryogenic ?uid vapors; these 
lumens are situated concentrically and the return lumen is 
sealed With a cryotip. The patent proposes to do vacuum 
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insulation of the return lumen. Such construction is very 
expensive and has loW reliability. Besides, this vacuum insu 
lation limits ?exibility of the probe, especially, When it has 
signi?cant length and is used as a catheter. 

[0009] US. Pat. No. 5,674,218 describes a cryosurgical 
instrument, a system and method of cryosurgery. According 
to this patent a cryogenic liquid (preferably, liquid nitrogen) 
is preliminary sub-cooled beloW its normal boiling point and 
in such condition it is supplied into the open proximal end of 
the internal supply line. The outer lumen of the cryosurgical 
instrument is provided With active vacuum insulation. 
[0010] Obviously, this construction cannot ensure high 
?exibility and cannot be used as the base for construction of 
a catheter for cryosurgery. 

[0011] US. Pat. No. 5,254,116 describes a cryocatheter 
With a set of vent holes in the lateral Wall of a central feeding 
lumen; besides, sub-cooled liquid nitrogen is delivered into 
the central feeding lumen as a cryogenic liquid. This con 
struction does not ensure proper thermal insulation of the 
cryocatheter. 

BRIEF SUMMARY OF THE INVENTION 

[0012] This invention proposes novel designs of a cryosur 
gical instrument and its accessory system. The cryosurgical 
instrument is constructed from tWo major sub-units: a distal 
cryotip, Which serves for immediate contact With a target 
tissue to be treated; freeZing action of this cryotip is obtained 
by evaporation of a cryogenic liquid on its internal surface 
covered With a porous coating With open porosity; an elon 
gated tubular sub-unit serving for delivery of portions of the 
cryogenic liquid on the distal cryotip With folloWing removal 
of vapors generated in the process of boiling this cryogenic 
liquid in the porous coating of the distal cryotip. 
[0013] The elongated tubular sub-unit in turn comprises 
folloWing details: an external shaft and a central feeding 
venting lumen, Which serves for immediate supply of por 
tions of the cryogenic liquid to the porous coating of the distal 
cryotip and, at the same time, for removal of the vapors, 
generated in the process of boiling the cryogenic liquid on the 
internal surface of the distal cryotip, into the atmosphere or 
into a vacuum pump. 

[0014] In addition, there is a coaxial tubular piece posi 
tioned in the gap betWeen the distal sections of the central 
feeding-venting lumen and the external shaft; the distal end of 
this coaxial tubular piece is sealed With the external shaft or 
With the cryotip itself and the proximal endiWith the central 
feeding-venting lumen. It forms a buffer space betWeen: the 
internal surface of the cryotip, the central feeding-venting 
lumen and the coaxial tubular piece, this buffer space facili 
tates ?oW of the portion the cryogenic liquid in the central 
feeding-venting lumen toWard the cryotip. 
[0015] The proximal section of the external shaft and proxi 
mal end of the central feeding-venting lumen are provided 
With inlet-outlet connections. 

[0016] In another version there is a coaxial intermediate 
lumen, Which is situated betWeen the central feeding-venting 
lumen and the external shaft. This coaxial intermediate lumen 
substitutes the aforementioned coaxial tubular piece. The 
distal end of this coaxial intermediate lumen is sealed With the 
external shaft or With the cryotip itself; the proximal endi 
With the central feeding-venting lumen, and the proximal end 
of the external shaftiWith the proximal section of the coaxial 
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intermediate lumen. The proximal section of the coaxial 
intermediate lumen is provided in this case With an outlet 
connection. 
[0017] When the proposed construction is used as a cryo 
catheter, the external shaft is made preferably from polymer 
material, it alloWs to achieve its high ?exibility. 
[0018] The cryotip of the cryocatheter should be made from 
material With high thermal conductivity (for example, copper, 
silver, diamond, BeO). As it has been noted, the internal 
surface of cryotip is covered With a porous coating With open 
porosity (for example, this porous coating is obtained by 
sintering copper poWder). This provides high magnitudes of 
the heat transfer coef?cients in the process of boiling the 
cryogenic liquid. Besides, this porous coating can completely 
soak one portion of the cryogenic liquid provided by an 
accessory system during ?rst quarter-period of its operation 
as it Will be described thereafter. 

[0019] The proposed cryocatheter can be used for inhibit 
ing restenosis of a blood vessel. In this case the cryotip is 
constructed in the form of a tubular detail, the distal end of the 
tubular detail is sealed With a plug from polymer With loW 
thermal conductivity and its tubular section is fabricated from 
a thin polymer ?lm With high elasticity, the internal surface of 
the tubular section is coated With a porous polymer layer With 
open porosity, this porous polymer layer has also high elas 
ticity. 
[0020] Construction of the accessory systems for these tWo 
designs of the cryocatheter (or cryoprobe) Will be described 
thereafter as Well. 

[0021] A ?rst version of the accessory system, Which 
ensures desired functioning of the proposed cryosurgical 
instrument, comprises: a thermo -insulated tank ?lled With the 
cryogenic liquid, the thermo -insulated tank is provided With a 
relief valve Which gives possibility to preset the desired pres 
sure in this thermo-insulated tank; a feed pipe Which is situ 
ated vertically and the loWer end of this feed pipe is positioned 
near the bottom of the thermo-insulated tank. An outlet con 
nection of the feed pipe is joined by a ?exible thermo-insu 
lated duct With an inlet connection of a multi-Way valve. This 
multi-Way valve is provided With an additional inlet connec 
tion Which is communicated With a bottle With pressurized 
gas (for example, nitrogen), an outlet connection Which is 
communicated With atmosphere (or a vacuum pump), and 
With an inlet-outlet connection Which is communicated With 
an inlet-outlet connection of the central feeding-venting 
lumen of the cryosurgical instrument itself. 
[0022] In addition, there are four shut-off valves, the ?rst 
shut-off valve is installed on a main duct Which communi 
cates the multi-Way valve With the inlet-outlet connection of 
the central feeding-venting lumen of the cryosurgical instru 
ment, the second one4on a duct Which communicates the 
outlet connection of the thermo -insulated tank With the multi 
Way valve, the third one4on the duct Which communicates 
the bottle With pressurized gas and the multi-Way valve, and 
the fourth4on the thermo-insulated tank itself; this shut-off 
valve serves for ?lling the thermo-insulted tank With the 
cryogenic liquid. The fourth shut-off valve is open during 
?lling the thermo-insulated tank With the cryogenic liquid; 
the second one serves for cutting off supply of the cryogenic 
liquid to the multi-Way valve, the third oneifor cutting off 
supply of pressurized gas to the multi-Way valve and the ?rst 
oneifor putting in action the cryosurgical instrument. 
[0023] An electromechanical (or pneumatic) drive ensures 
periodical With preset frequency changeover of the multi-Way 
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valve in such a Way, that it is communicating alternatively 
With: the thermo-insulated tank, the bottle With pressurized 
gas, and the atmosphere (or the vacuum pump). 
[0024] A control unit keeps Watch on frequency of 
changeover of the multi-Way valve and, in the case of signi? 
cant deviation from the preset frequency of changeover or its 
stoppage, this control unit activates the aforementioned sec 
ond and third shut-off valves. In addition, it is possible to 
install pressure and temperature gauges on the main duct of 
the accessory system. Data provided from these gauges are 
processed in the control unit. In the case of signi?cant devia 
tions of the measured parameters from the preset values, the 
control unit cuts off the shut-off valves installed on the main, 
?rst and second ducts. 
[0025] Signi?cant fraction of the cryogenic liquid, Which 
remains in the porous coating of the cryotip and in the afore 
mentioned buffer space in the period betWeen communication 
of the central feeding-venting lumen With the inlet connection 
of the vacuum pump (or With the atmosphere) and commu 
nication this central feeding-venting lumen With the feeding 
pipe of the thermo-insulated tank, generates reasonably high 
pressure in the central feeding-venting lumen; this pressure 
prevents introducing the folloWing portion of the cryogenic 
liquid into the central feeding-venting lumen. 
[0026] In the aforementioned case of application of the 
coaxial intermediate lumen With an outlet connection instead 
of the coaxial tubular piece, there is an auxiliary shut-off 
valve installed on a duct communicating the outlet connection 
of the coaxial intermediate lumen With the atmosphere (or 
With the vacuum pump); this shut-off valve is joined With the 
multi-Way valve mechanically or electro-mechanically in 
such a Way, that it Will be open only at a quarter-period, When 
the multi-Way valve is communicating the main duct With the 
bottle With pressurized gas. 
[0027] In addition, the outlet connection of the intermedi 
ate lumen can serve as an inlet-outlet connection. In this case 

a gas from a special bottle is provided into the gap betWeen the 
coaxial intermediate and the central feeding-venting lumens; 
introduction of this gas is performed When the multi-Way 
valve communicates the central feeding-venting lumen With 
the atmosphere (or the vacuum pump). 
[0028] The ducts betWeen the thermo-insulated tank and 
the multi-Way valve, and betWeen this multi-Way valve and 
the inlet-outlet connection of the central feeding-venting 
lumen can be provided With outer thermal insulation, for 
example, With vacuum insulation. 
[0029] There are several cryogens that can be applied as the 
cryogenic liquid: liquid nitrogen, liquid argon, liquid R14 and 
others. 
[0030] Besides, it is possible to apply tWo tanks With dif 
ferent liquids: the ?rst oneia cryogenic liquid With loW 
temperature of boiling (for example, liquid nitrogen), Which 
serves for cryogenic treatment of target tissue, and the second 
oneiWith relatively high temperature of boiling (for 
example, R12Bl that boils at temperature —3.8.degree. C. at 
atmospheric pressure), this second liquid serves for ice-map 
ping. 
[0031] The second liquid With normal boiling temperature 
higher than 0.degree. C. (for example, R1 1, Which has normal 
boiling temperature 23.65.degree. C.) can be used for fast 
thaWing a tissue, Which has been previously frozen by the 
cryogenic liquid. 
[0032] Application of tWo liquids With high difference in 
their boiling temperatures requires performance of bloWing 
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the central feeding-venting lumen, the buffer space and sev 
eral ducts in the period betWeen the procedures of ice-map 
ping (or thawing) and following cryogenic treatment. 
[0033] The accessory system comprises in this case tWo 
accessory sub-systems, each of these accessory sub-systems 
is constructed much as the accessory system, Which has been 
described above. The accessory sub-systems have a common 
control unit and a common main duct Which splits off into tWo 
ducts communicated correspondingly With ?rst and second 
multi-Way valves; a thermo-insulated tank of the ?rst acces 
sory sub-system contains a cryogenic liquid Which serves to 
freeze the target tissue, and a tank of the second accessory 
subunit contains a liquid With relatively high temperature of 
boiling (for example, R12B1 or R11), this liquid serves for 
preliminary ice-mapping (as With R12B1); or for fast thaWing 
this target tissue (as With R11). 
[0034] The accessory system comprises in addition an aux 
iliary accessory sub-system, Which serves for bloWing the 
cryosurgical instrument and the ducts communicating the 
?rst and second accessory sub-systems With this cryosurgical 
instrument. The auxiliary accessory sub-system consists of an 
auxiliary bottle With pressurized gas and an auxiliary three 
Way valve, Which is installed on a duct communicating the 
auxiliary bottle With the main duct. The auxiliary three-Way 
valve is regulated by the common control Lmit, and it has tWo 
outlet connections, the ?rst outlet connection of this auxiliary 
three-Way valve is communicated With the main duct and the 
second oneiWith the atmosphere or a vacuum pump. 

[0035] BloWing process is performed by cutting out the 
shut-off valves installed on the ducts communicating the 
tanks With their associated multi-Way valves and then pres 
surized gas from the bottle performs bloWing the main duct 
and the ducts generated by its splitting off, the central feed 
ing-venting lumen and the buffer space by charging and purg 
ing technique. 
[0036] As stated above, the gap betWeen the central feed 
ing-venting lumen (or the coaxial tubular piece) and the exter 
nal shaft serves for thermal insulating the external shaft, 
especially, its distal section in order to prevent possibility of 
negative temperature on its outer surface. 
[0037] It is possible to achieve higher degree of thermal 
insulation of the external shaft of the cryosurgical instrument 
by preliminary ?lling the gap betWeen the external shaft and 
the coaxial tubular piece With a gas, Which has very loW 
thermal conductivity, and, on the other hand, condensation 
temperature of this gas is loWer than the boiling temperature 
of the cryogenic liquid. In order to perform this ?lling, the 
proximal section of the external shaft is provided With an 
inlet-outlet connection; the accessory system comprises a 
bottle With the aforementioned gas With loW thermal conduc 
tivity, and a duct, Which communicates this bottle With the 
inlet-outlet connection of the external shaft, is provided With 
a three-Way valve, Which is communicated as Well With the 
atmosphere or With a vacuum pump. It alloWs to perform 
?lling the gap betWeen the external shaft and the coaxial 
tubular piece by charging and purging technique. 
[0038] In order to achieve better characteristics of thermal 
insulation of the distal section of the external shaft (to prevent 
negative temperature of its outer surface) it is possible to 
apply a heat pipe principle. 
[0039] In this case, the heat pipe principle is realized in the 
folloWing manner: the outer surfaces of the coaxial tubular 
piece and a section of the central feeding-venting lumen 
mating this coaxial tubular piece are covered With a porous 
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coating With open porosity, this coating is functioning as a 
Wick. The gap betWeen the external shaft and the coaxial 
tubular piece, and its extension to the gap betWeen the central 
feeding-venting lumen and the external shaft is ?lled With 
such a gas that the temperature of its condensation someWhat 
higher than the boiling temperature of the cryogenic liquid, 
but the solidi?cation temperature of this gas should be some 
What loWer than the boiling temperature of the cryogenic 
liquid. This gas can be provided into these gaps via the inlet 
outlet connection installed on the proximal section of the 
external shaft. 

[0040] Charging and purging technique can perform it. 
Such technical solution permits to heat the distal section of 
the external shaft at the expense of the heat provided to the 
intermediate and proximal sections of the external shaft from 
the surroundings. 
[0041] It should be noted that the multi-Way valve can be 
substituted for a set of shut-off valves installed on the com 
municating ducts; coordinated operation of this set of the 
shut-off valves simulates operation of the aforementioned 
multi-Way valve. 
[0042] The cryosurgical instrument constructed according 
to this invention can be provided With a thermocouple, Which 
is positioned in the cryotip and measures temperature in this 
cryotip in the process of a cryosurgical operation. 
[0043] Besides, if the cryosurgical instrument is designed 
as a cryocatheter, this cryocatheter should be provided With a 
steering mechanism alloWing bending its distal section. 
[0044] The cryotip of the cryocatheter (or cryoprobe) may 
be provided With an electrode for preliminary detection of 
electrical signal activity of different places of the organ to be 
operated. 
[0045] Operation of the cryosurgical instrument and its 
accessory system is performed in a folloWing manner. 
[0046] A portion of the cryogenic liquid is introduced via 
the feed pipe of the thermo-insulated tank into the duct com 
municating the multi-Way valve With the inlet-outlet connec 
tion installed on the proximal end of the central feeding 
venting lumen (in the folloWing, this duct Will be calledithe 
main duct), it occurs at a quarter-period, When the multi-Way 
valve is in such position, that the cryogenic liquid may ?oW 
from the feed pipe into the main duct (it is a ?rst quarter 
period). 
[0047] Thereafter the multi-Way valve ceases How of the 
cryogenic liquid from the thermo-insulated tank into the main 
duct and at the folloWing second quarter-period the multi-Way 
valve communicates the bottle With the pressurized gas With 
the main duct, Which provides high velocity to the portion of 
the cryogenic liquid and this portion passes brie?y the main 
duct and the central feeding-venting lumen, and reaches the 
porous coating of the cryotip. 
[0048] Then supply of the pressurized gas is ceased and the 
multi-Way valve cuts off the proximal end of the main duct. 
The cryogenic liquid is boiling in the porous coating of the 
cryotip With elevation of pressure of the cryogenic liquid 
vapor in the central feeding-venting lumen and the main duct 
(it is a third quarter-period). 
[0049] At the fourth quarter-period the multi-Way valve 
turns on the duct communicating the main duct With the 
atmosphere or With the vacuum pump. Boiling the cryogenic 
liquid in the porous coating of the cryotip can be continued in 
this quarter-period. It is Well to bear in mind that all afore 
mentioned quarter-periods may have different duration. 
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[0050] In the case When the cryosurgical instrument is 
designed as a cryocatheter, Which is intended to treat a blood 
vessel in order to prevent restenosis and its cryotip is con 
structed from elastic polymer, it is very important to keep 
relatively loW excessive pressure in the internal chamber of 
the distal section of this cryocatheter With small deviation 
from its average value. In order to provide these conditions, 
the cryocatheter is constructed With the intermediate lumen as 
it has been described above. The outlet connection of the 
intermediate lumen is provided With a T-shaped manifold, 
Which comprises a crossbar and a main section intersecting 
perpendicularly With the crossbar. A pressure gauge is 
installed on one end of the crossbar and an adjusting valve is 
installed on the other end, this adjusting valve is connected 
With the atmosphere or With the vacuum pump. Signals from 
the pressure gauge are sent to a pressure control unit, Which 
provides in turn desired operation of the adjusting valve. It 
should be noted that the pressure control unit could be inter 
connected With the aforementioned control unit, in doing so 
operations of these control units are correlated. 
[0051] It is the primary object of the present invention to 
provide a ?exible catheter With high ?exibility, high speci?c 
freezing poWer and suf?ciently small diameter for cryosurgi 
cal procedures in different areas of medicine. 

[0052] It is another object of the invention to provide a rigid 
probe With high speci?c freeZing poWer and suf?ciently small 
diameter for cryosurgical procedures in different areas of 
medicine. 

[0053] It is an additional object of the invention to design a 
cryosurgical instrument and its accessory system for cryosur 
gical procedures, Which have high degree of safety and reli 
ability. It should be noted that the proposed design of the 
cryosurgical instrument ensures positive temperatures at the 
distal section of its external shaft, especially, in the immediate 
vicinity of the cryotip. 
[0054] It is another object of this invention to develop a 
novel method of thermal insulation of the distal section of the 
external shaft of the cryosurgical instrument, this method is 
based on the principle of a heat pipe. 

[0055] It is another object of this invention to design a 
cryocatheter that is used for inhibiting restenosis of a blood 
vessel. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0056] Other objectives of this invention Will be apparent 
from the folloWing detail description taken in conjunction 
With the accompanying draWings, in Which: 
[0057] FIG. 1 is a general vieW of a cryosurgical instrument 
of the present invention and a block diagram of its accessory 
system. 
[0058] FIG. 2 is a general vieW of a cryosurgical instrument 
of the present invention and a block diagram of its accessory 
system, When there is a coaxial intermediate lumen situated 
betWeen a central feeding-venting lumen and an external 
shaft With oscillating ?oW in the channel betWeen the central 
feeding-venting and coaxial intermediate lumens. 
[0059] FIG. 3 is a general vieW of a cryosurgical instrument 
of the present invention and a block diagram of its accessory 
system, When tWo different liquids are used for preliminary 
ice-mapping and folloWing cryogenic treatment. Besides, this 
draWing demonstrates a general vieW of a cryosurgical instru 
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ment and a block diagram of its accessory system in the case 
of application of tWo different liquids for freeZing and fast 
thaWing a target tissue. 
[0060] FIG. 4 is an axial cross-section of the cryosurgical 
instrument With application of active thermal insulation based 
of the principle of a heat pipe. 
[0061] FIG. 5 is an axial cross-section of a cryosurgical 
instrument With a coaxial tubular piece joined at its distal end 
With the external shaft. 
[0062] FIG. 6 demonstrates an axial cross-section of a cryo 
surgical instrument With application of the coaxial interme 
diate lumen instead of the coaxial tubular piece. 
[0063] FIG. 7 is an axial cross-section of a cryocatheter for 
preventing restenosis of blood vessels. 

DETAILED DESCRIPTION OF THE INVENTION 

[0064] FIG. 1 shoWs the general vieW of the cryosurgical 
instrument and its accessory device. The draWing demon 
strates folloWing units: a cryosurgical instrument 100 With 
cryotip 116 and an elongated tubular sub-unit 105. The acces 
sory system comprises: a thermo-insulated tank (or a DeWar 
?ask) 101 With cryogenic liquid, this thermo-insulated tank 
101 is provided With a relief valve 103, Which gives possibil 
ity to preset a desired pressure in the thermo-insulated tank, a 
shut-off valve 102 that serves for ?lling the thermo-insulated 
tank 101 With the cryogenic liquid, and manometer 104. 
[0065] A multi-Way valve 107 is communicated With: a 
feeding pipe 106 situated in the thermo-insulated tank 101; a 
vacuum pump or atmosphere (via duct 121); the cryosurgical 
instrument 100 by a main duct 112: bottle 108 With pressur 
iZed gas. Sensor 111 controls preset changeover frequency of 
the multi-Way valve 107. In addition, there are pressure and 
temperature gauges 114 and 120 installed on the main duct 
112. Data provided from these sensor and gauges are pro 
cessed in a control unit 115. In the case of signi?cant devia 
tions of the measured parameters from the preset values, the 
control unit 115 cuts offthe shut-offvalves 109, 110 and 113. 
[0066] In addition, there is bottle 117 ?lled With a gas With 
loW thermal conductivity, for example, R14. This bottle is 
communicated via duct 119 With the external chamber of the 
cryosurgical instrument 100 (the gaps betWeen the external 
shaft of the cryosurgical instrument 100, and its coaxial tubu 
lar piece, and the external shaft and the proximal section of 
the central feeding-venting lumen). A three-Way valve 118 
installed on duct 119 serves for ?lling the external chamber 
by charging and purging technique, this ?lling should be 
performed previously to actuating the cryosurgical instru 
ment 100 and performance of cryogenic treatment. 
[0067] FIG. 2 shoWs a cryosurgical instrument 200 and its 
accessory system in the case, When this cryosurgical instru 
ment comprises a coaxial intermediate lumen instead of the 
coaxial tubular piece and there is oscillating ?oW in the chan 
nel betWeen the central feeding-venting lumen and the 
coaxial intermediate lumen of the cryosurgical instrument. 
The cryosurgical instrument 200 consists of tWo major sub 
units: l) cryotip 217; 2) elongated tubular sub-unit 218. 
[0068] The accessory system comprises a thermo-insulated 
tank (or a DeWar ?ask) 201 containing cryogenic liquid, this 
thermo-insulated tank 201 is provided With a relief valve 203 
Which gives possibility to preset a desired pressure in the 
thermo-insulated tank 201, valve 202 Which serves for ?lling 
the thermo-insulated tank 201 With the cryogenic liquid, and 
manometer 204. 
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[0069] A multi-Way valve 208 of the accessory system is 
communicated With following details: a feeding pipe 205 
situated in the thermo-insulated tank 201; a vacuum pump or 
atmosphere; the cryosurgical instrument 200 (by a main duct 
215); bottle 210 With pressurized gas. In addition, there is a 
three-Way valve 211, Which is joined mechanically by cou 
pling 212 With the multi-Way valve 208. The three-Way valve 
is communicated With the channel betWeen the coaxial inter 
mediate lumen and the central feeding-venting lumen of the 
cryosurgical instrument 200 by duct 222, the atmosphere (or 
vacuum pump) and bottle 210 With pressurized gas. A shut 
off valve 213 is installed on the duct, Which communicates 
bottle 210 With the three-Way valve 211. Coupling 212 is 
designed in such a Way, that When the multi-Way valve 208 
communicates the main duct 215 With the atmosphere (or 
vacuum pump), then the three-Way valve 211 communicates 
duct 222 With bottle 210 and vice versa, the three-Way valve 
211 communicates ducts 222 With the atmosphere (or vacuum 
pump) When the multi-Way valve 208 communicates the main 
duct 215 With bottle 210. 
[0070] Sensor 209 controls a preset changeover frequency 
of the multi-Way valve 208. Data provided from this sensor 
are processed in a control unit 223. In the case of signi?cant 
deviations of the measured parameters from the preset values, 
the control unit 223 cuts off a shut-off valve 207, Which is 
installed on duct 206 communicating the feeding pipe 205 
With the multi-Way valve 208, a shut-off valve 214 installed 
on a duct communicating bottle 210 With the multi-Way valve 
208, a shut-off valve 216 installed on the main duct 215 and 
the shut-off valve 213 installed on a duct communicating 
bottle 210 With the three-Way valve 211. 
[0071] In addition, there is bottle 219 ?lled With a gas With 
loW thermal conductivity, for example, R14. This bottle is 
communicated via duct 220 With the external chamber of the 
cryosurgical instrument 200 (the gap betWeen the external 
shaft of the cryosurgical instrument 200 and its coaxial inter 
mediate lumen). A three-Way valve 221 installed on duct 220 
serves for ?lling the external chamber of the cryosurgical 
instrument 200 With the gas With loW thermal conductivity by 
charging and purging technique. This ?lling should be per 
formed previously to actuating the cryosurgical instrument 
200 and performance of cryogenic treatment. 
[0072] FIG. 3 shoWs a general vieW of a cryosurgical instru 
ment of the present invention and a block diagram of its 
accessory system, When tWo different liquids are used for 
preliminary ice-mapping and folloWing cryogenic treatment. 
[0073] In addition, this draWing demonstrates a general 
vieW of a cryosurgical instrument and a block diagram of its 
accessory system in the case of application of tWo different 
liquids for freezing and fast thaWing a target tissue. 
[0074] The draWing shoWs folloWing units: a cryosurgical 
instrument 300 With cryotip 332 and an elongated tubular 
sub-unit 333. The accessory system comprises: a ?rst tank 
301 ?lled With ?rst liquid With cryogenic boiling temperature 
(for example, liquid nitrogen), this ?rst tank 301 is provided 
With: a relief valve 302, Which gives possibility to preset the 
desired pressure in the ?rst tank 301; valve 304 Which serves 
for ?lling the ?rst tank 301 With the ?rst liquid and manom 
eter 303. 

[0075] A multi-Way valve 310 is communicated by duct 
306 With folloWing details: a feeding pipe 305 situated in the 
?rst tank 301; a vacuum pump or the atmosphere; the cryo 
surgical instrument 300 by a main duct 322, this main duct 
splits off into tWo ducts 313 and 337; bottle 308 With a ?rst 
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pressurized gas. A shut-off valve 307 is installed on duct 306, 
a shut-off valve 338 is installed on duct 313 and a shut-off 
valve 309 is installed on a duct that communicates bottle 308 
With the multi-Way valve 310. Sensor 312 controls preset 
changeover frequency of the multi-Way valve 310. Data pro 
vided from this sensor are processed in a control unit 331. In 
the case of signi?cant deviation of the measured parameter 
from a preset value, the control unit 331 cuts off the shut-off 
valves 307,338 and 329. 
[0076] In addition, the accessory system comprises a sec 
ond tank 314 ?lled With second liquid With relatively high 
boiling temperature (for example, R12B 1), this second tank 
314 is provided With: a relief valve 315 Which gives possibil 
ity to preset the desired pres sure in the second tank 3 14; valve 
317 Which serves for ?lling the second tank 314 With the 
second liquid; manometer 316. 

[0077] A multi-Way valve 321 is communicated With fol 
loWing details: by duct 319 With a feeding pipe 318 situated in 
the second tank 3141; a vacuum pump or the atmosphere; the 
cryosurgical instrument 300 by a main duct 322 and duct 337; 
bottle 323 With a second pressurized gas.A shut-off valve 320 
is installed on duct 321, a shut-off valve 325 is installed on 
duct 324 communicating bottle 323 With the multi-Way valve 
321 and a shut-off valve 326 is installed on duct 337. Sensor 
330 controls preset changeover frequency of the multi-Way 
valve 321. Data provided from this sensor are processed in a 
control unit 331. In the case of signi?cant deviation of the 
measured parameter from a preset value, the control unit 331 
cuts off the shut-off valves 320, 325 and 326. 

[0078] Bottle 328 With a third pressurized gas is commu 
nicated by duct 327 With ducts 337 and 322. A three-Way 
valve 328 is installed on duct 327, this three-Way valve is 
communicating With the atmosphere as Well and the control 
unit 331 controls it. The three-Way valve 329 serves for bloW 
ing the ducts and the cryosurgical instrument 300 itself after 
a stage of ice-mapping (or thaWing) in order to remove the 
second liquid and its vapors. Charging and purging technique 
performs the bloWing process. 
[0079] In addition, there is bottle 334 ?lled With a gas With 
loW thermal conductivity, for example, R14. This bottle is 
communicated by duct 335 With the external chamber of the 
cryosurgical instrument 300 (the gap betWeen the external 
shaft of the cryosurgical instrument 300, and its coaxial tubu 
lar piece and the proximal section of the central feeding 
venting lumen). A three-Way valve 336 installed on duct 335 
and communicated as Well With the atmosphere serves for 
?lling the external chamber of the cryosurgical instrument 
300 by charging and purging technique, this ?lling should be 
performed previously to actuating the cryosurgical instru 
ment 300 and performance of cryogenic treatment. 
[0080] FIG. 4 shoWs an axial cross-section of a cryosurgi 
cal instrument 400 With application of active thermal insula 
tion based of the principle of a heat pipe. 

[0081] The cryosurgical instrument is constructed from 
tWo major sub-units: a distal cryotip 402, Which serves for 
immediate contact With a target tissue; freezing action of this 
cryotip is obtained by evaporation of cryogenic liquid on its 
internal porous coating 403 formed from porous metal With 
open porosity; an elongated tubular sub-unit serving for 
delivery of portions of the cryogenic liquid on the internal 
porous coating 403 With folloWing removal of vapors gener 
ated in the process of boiling this cryogenic liquid in the 
internal porous coating 403. 
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[0082] The elongated tubular sub-unit in turn comprises 
following details: an external shaft 404; a central feeding 
venting lumen 401, Which serves for immediate supply of 
portions of the cryogenic liquid to the internal porous coating 
403 of the distal cryotip 402 and, at the same time, for removal 
of the vapors, generated in the process of boiling the cryo 
genic liquid in this internal coating 403, into the atmosphere 
or into a vacuum pump. 

[0083] In addition, there is a coaxial tubular piece 405 
positioned in the gap betWeen the distal sections of the central 
feeding-venting lumen and the external shaft 404; the distal 
end of this coaxial tubular piece 405 is sealed With cryotip 402 
and the proximal end With the central feeding-venting lumen 
401. 
[0084] The outer surfaces of the coaxial tubular piece 405 
and a section of the central feeding-venting lumen 401 mating 
this coaxial tubular piece are covered With a porous coating 
406 With open porosity, this porous coating is functioning as 
a Wick When the gap betWeen the external shaft 404, the 
coaxial tubular piece 405 and the mating section of the central 
feeding-venting lumen 401 is ?lled With vapors of such a gas 
that its condensation temperature is higher than the boiling 
temperature of the applied cryogenic liquid. 
[0085] The proximal end of the feeding-venting central 
lumen is provided With an inlet-outlet connection 407, and the 
proximal section of the external shaft 404 is provided With an 
inlet-outlet connection 408. 
[0086] FIG. 5 is an axial cross-section of a cryosurgical 
instrument With a coaxial tubular piece joined at its distal end 
With the external shaft. 
[0087] Cryocatheter 500 (or cryoprobe) is constructed from 
tWo major subunits: a distal cryotip 502, Which serves for 
immediate contact With a target tissue, freeZing action of this 
cryotip is obtained by evaporation of a cryogenic liquid in its 
internal porous coating 503 formed from porous metal With 
open porosity; an elongated tubular sub-unit serving for 
delivery of portions of the cryogenic liquid on the internal 
porous coating 503 With folloWing removal of vapors gener 
ated in the process of boiling this cryogenic liquid in the 
internal porous coating 503. 
[0088] The elongated tubular sub-unit in turn comprises 
folloWing details: an external shaft 504 and a central feeding 
venting lumen 501, Which serves for immediate supply of 
portions of the cryogenic liquid to the internal porous coating 
503 of the distal cryotip 502 and, at the same time, for removal 
of the vapors generated in the process of boiling the cryogenic 
liquid on this internal porous coating 503 into the atmosphere 
or into a vacuum pump. 

[0089] In addition, there is a coaxial tubular piece 505 
positioned in the gap betWeen the distal sections of the central 
feeding-venting lumen 501 and the external shaft 504; the 
distal end of this coaxial tubular piece 505 is sealed With the 
external shaft 504 and its proximal endiWith the central 
feeding-venting lumen 501. The proximal end of the feeding 
venting central lumen 501 is provided With an inlet-outlet 
connection 506, and the proximal section of the external shaft 
504 is provided With an inlet-outlet connection 507. 
[0090] FIG. 6 demonstrates an axial cross-section of the 
cryosurgical instrument With application of a coaxial inter 
mediate lumen instead of the coaxial tubular piece. 
[0091] A cryosurgical instrument 600 is constructed from 
tWo major sub-units: a distal cryotip 602, Which serves for 
immediate contact With a target tissue; freeZing action of this 
cryotip is obtained by evaporation of a cryogenic liquid on its 
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internal porous coating 603 formed from porous metal With 
open porosity; an elongated tubular sub-unit serving for 
delivery of portions of the cryogenic liquid on the porous 
coating With folloWing removal of vapors generated in the 
process of boiling this cryogenic liquid in the internal porous 
coating 603. 
[0092] The elongated tubular sub-unit in turn comprises 
folloWing details: an external shaft 604 and a central feeding 
venting lumen 601, Which serves for immediate supply of 
portions of the cryogenic liquid to the internal porous coating 
603 of the distal cryotip 602 and, at the same time, for removal 
of the vapors, generated in the process of boiling the cryo 
genic liquid in this internal coating 603, into the atmosphere 
or into a vacuum pump. 

[0093] In addition, there is a coaxial intermediate lumen 
605 positioned in the gap betWeen the central feeding-venting 
lumen 601 and the external shaft 604; the distal end of this 
coaxial intermediate lumen 605 is sealed With the external 
shaft 604 and the proximal endiWith the central feeding 
venting lumen 601. In addition, the proximal end of the exter 
nal shaft 604 is sealed With the proximal section of the coaxial 
intermediate lumen 605. The proximal end of the feeding 
venting central lumen 601 is provided With an inlet-outlet 
connection 607, the proximal section of the external shaft 604 
is provided With an inlet-outlet connection 609 and proximal 
section of the coaxial intermediate lumen 605 is provided 
With an inlet-outlet connection 608. Signi?cant part of the 
outer surface of the coaxial intennediate lumen 605 is cov 
ered With a porous coating 606 leading off With the proximal 
end of the intermediate lumen, this porous coating serves as a 
Wick in the case of application of the principle of a heat pipe 
for heating the distal section of the external shaft. 
[0094] FIG. 7 demonstrates an axial cross-section of the 
catheter for preventing restenosis of blood vessels. 
[0095] Cryocatheter 700 is constructed from tWo major 
sub-units: a distal cryotip, Which serves for immediate con 
tact With a target tissue; freeZing action of this cryotip is 
obtained by evaporation of a cryogenic liquid in an internal 
porous coating 704 formed from porous elastic polymer With 
open porosity on the internal surface of an external tubular 
piece 703, Which is made from elastic polymer as Well. 
[0096] The distal end of external tubular piece 703 is sealed 
by plug 702 manufactured from polymer material With loW 
thermal conductivity. 
What is claimed is: 
1. A method for cryogenic treatment of a patient, compris 

mg: 
contacting a portion of the patient With a cryosurgical 

instrument, said instrument having a tip; 
delivering a cryogenic liquid to said tip, Wherein vapor is 

generated by boiling of said liquid; 
separating said vapor from said liquid at said tip; and 
exhausting said vapor. 
2. The method of claim 1, Wherein said vapor is separated 

from said liquid by a porous coating on an internal surface at 
said tip. 

3. A method for cryogenic treatment of a patient, compris 
mg: 

providing a cryosurgical instrument, said cryosurgical 
instrument receiving a cryogenic liquid; said cryosurgi 
cal instrument comprising a tip, said tip comprising a 
structure for separating said liquid from vapor by inter 
fering With a How of the cryogenic liquid; 

delivering said cryogenic liquid to said tip; 
separating said vapor from said liquid at said tip by said 

structure; and 
exhausting said vapor. 
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4. The method of claim 3, wherein said separating said 
vapor from said liquid further comprises increasing heat 
transfer to an internal surface of said tip by said structure. 

5. The method of claim 3, Wherein said structure comprises 
a porous coating. 

6. A method for cryogenic treatment of a patient, compris 
ing: 

providing a cryosurgical instrument, said cryosurgical 
instrument receiving a cryogenic liquid; said cryosurgi 
cal instrument comprising a tip and a structure for sepa 
rating said liquid from vapor by interfering With a How of 
the cryogenic liquid; 

delivering said cryogenic liquid to said tip; 
separating said vapor from said liquid by said structure; 

and 
exhausting said vapor. 
7. The method of claim 6, Wherein said structure comprises 

a porous coating. 
8. A method for cryogenic treatment of a patient, compris 

ing: 
contacting a portion of the patient With a cryosurgical 

instrument, said instrument having a tip; 
delivering a cryogenic mist to said tip, Wherein vapor is 

generated by boiling of liquid in said mist; 

Jun. 18, 2009 

separating said vapor from said liquid at said tip; and 
exhausting said vapor. 
9. The method of claim 8, Wherein said vapor is separated 

from said liquid by a porous coating on an internal surface at 
said tip. 

10. A method for cryogenic treatment of a patient, com 
prising: 

providing a cryosurgical instrument, said cryosurgical 
instrument receiving a cryogenic mist; said cryosurgical 
instrument comprising a tip and a structure for separat 
ing liquid in said mist from vapor by interfering With a 
How of the cryogenic mist; 

delivering said cryogenic mist to said tip; 
separating said vapor from said liquid by said structure; 

and 
exhausting said vapor. 
11. The method of claim 10, Wherein said structure com 

prises a porous coating. 
12. The method of claim 10, Wherein said structure is 

located in said tip. 
13. The method of claim 12, Wherein said structure com 

prises a porous coating on an internal surface at said tip. 

* * * * * 


