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(57) Abstract: The subject of the present invention is sharp/blunt trocar for freezing tissues containing sealed channels for conduct-
ing refrigerant in a continuous flow, connected with a pump and a container for the refrigerant, terminating in a freezing head,
wherein the freezing head possesses at least one elastic surface (2), which changes shape and distends as a result of pumping refri-
gerant under pressure through the trocar forming a decompression chamber (5), in which refrigerant undergoes decompression caus-
ing the elastic surface (2) of the freezing head to cool, and the aforementioned elastic surface (2) is capable of fitting itself to the tis -
sue being subjected to freezing (3). The subject of the present invention is also a the use of a sharp/blunt trocar in the downregula -
tion of arterial blood pressure in the renal artery.
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TROCAR WITH A FREEZING PROBE

The subject of the present invention 1s a sharp/blunt trocar
with a freezing probe for freezing tissues and the use of the
sharp/blunt trocar for freezing tissues 1in particular the
sympathetic plexus leading to the kidneys and renal artery

used in the regulation of arterial pressure.

Patent US 3298371 discloses a freezing probe used particularly
in neurosurgery. The probe consists of ducts for conducting a
freezing agent, i.e. liquid nitrogen, terminating in a heat-
conducting head. The head contains a detector, which measures
its temperature in real time in order to maintain appropriate
conditions for the procedure. The aforementioned probe
possesses a head with a diameter of about 0.09 inch, wherein
it 1s not deformed elastically and thus is not useful in the
effective freezing of tissues on a large surface such as the

sympathetic plexus.

Patent US6306129 discloses 1n turn a system for cardiosurgery
contalining a compressor and a probe. The probe has a secondary
cooling channel, which performs an 1initial cooling at a
resting state. After the initial c¢ooling, the main cooling
stream 1s initiated, which facilitates temperatures near -
100°C. This probe does not possess an elastic head and
therefore the active freezing surface is limited only to the
tissue-head contact point. Large surface activity i1s thus

difficult, particularly that of a cylindrical shape.

Patent US7063718 discloses a method and apparatus for
performing a hypothermy of a selected organ without a
significant effect on adjacent organs and tissues. The elastic
catheter 1is 1inserted through the patient's vasculature 1in

order to insert the end of the freezing probe through the
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artery that supplies the selected organ. The compressed
refrigerant 1is pumped 1in through a catheter 1into the
decompressing element found near the end of the probe, wherein
the refrigerant decompresses and evaporates which cools the
elastic thermoconductive element in the probe's end. This
leads to the coocling of blood flowing through a selected
vessel, which then cools the selected organ. In one embodiment
of said invention, the element responsible for heat exchange
consists of a plurality of concentric tubes leading to the
return duct for the refrigerant. The nitinol tubes remain
rectilinear at room temperature, whereas they change shape at
low temperatures, leading to the formation of an elastic
"basket™", which allows for the easier 1insertion of the
catheter system into the patient’'s bloodstream with
substantially rectilinear but flexible tubes. After insertion
into the desired site, the refrigerant flow is initiated which
causes a change in the geometry of the nitinol tubes and forms
the basket thereby increasing the effective length of the
refrigerant decompression path and by the same token
decreasing the catheter length required to achieve the desired
temperature. Organ or tissue cooling occurs through the end of

the probe, which i1s not elastic and facilitates cooling solely

at the contact interface. It 1is thus not ©possible to
simultaneously <cool a larger surface, 1.e. 1in <c¢ylindrical
form.

Patent application US2008071337 discloses a catheter capable
of being placed for heating or cooling the surrounding fluid
in a patients blcocod vessel. The catheter possesses a heat
exchange element that contains a plurality of external surface
irregularities in order to induce turbulence in the
surrounding fluid. The catheter that supplies the refrigerant,
the heat exchange cooling element, 1is equipped with balloons
at its end, supplied by a separate duct. After inserting into

an appropriate site, the working fluid supply catheter 1is
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withdrawn in order to provide a seal using the balloon. After
sealing, the chamber 1is filled with the working fluid which
cools the heat exchange element. The balloon solely has a
sealing function, and thus doces not provide any thermal
activity. Moreover, the presented catheter provides solely
fluid cooling and 1is thus not useful for the point cooling of
organs or tissues. Moreover, the activity surface area 1is
constant, not elastic, due to which there is no possibility to
enclose a selected Dbloocd vessel 1n order to obtain better

cooling.

The technical problem set forth before the present invention
is to disclose such a sharp/blunt trocar so as to facilitate
access to the renal artery and its connected sympathetic
plexus, one which would facilitate the point freezing of the
probed nerve, ganglion, tissue or blood vessel, wherein the
achieved temperature would be lower than -50°C, and the probe
active cooling surface area interface with the treated tissue
is large, facilitating the simultaneous freezing of a selected
blood vessel over a large portion of its circumference using a
lower quantity of refrigerant, and the trocar has a simple
construction and 1is inexpensive to produce, making it possible
to deliver single-use, sterile devices of this type, while at
the same time the freezing procedure will be faster, reducing
the risk of postoperative complications. Unexpectedly, the
aforementioned problems have been solved by the present

invention.

The first subject of the present invention 1s a sharp/blunt
trocar with a freezing probe for freezing tissues containing
sealed channels for conducting a continuous flow of
refrigerant, connected to a pump and a container for the
refrigerant, terminating in a freezing head, characterised in
that the freezing head possesses at least one elastic surface

which changes shape and distends as a result of the flow of
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gas therein that is pumped under ©pressure, forming a
decompression chamber, in which the refrigerant introduced via
the channels 1 undergoes decompression and evaporation causing
the surface of the elastic freezing head to c¢ool, a the
aforementioned elastic surface is capable of fitting itself to
the tissue subjected to freezing. Preferably, the elastic
surface occurs on the side wall of the freezing head. Equally
preferably, the elastic surface occurs on the front wall of
freezing head. In another preferable embodiment of the present
invention the elastic surface comprises a material selected
from among for example PEBA, graphene, PET or other elastic
polymers. In the next preferable embodiment of the present
invention, the surface of the trocar, outside of the elastic
surface, is covered by a thermoinsulating material.
Preferably, the insulating material comprises an aerogel. In
anocther preferable embodiment of the ©present invention
sharp/blunt trocar further comprises at least one outflow
canal sealed via sealing portion to the channel, having at the
end a nozzle which increases efficacy and targeting of the

elastic surface.

The second subject of the present invention 1s the use of a
sharp/blunt trocar as defined in the first subject of the
present invention in the lowering of arterial blocod pressure
in the renal artery by freezing the nerve and/or plexus, which
supplies the renal artery, through sympathetic innervation,
halting the nerve’s activity and halting the ©pressure

regulatory mechanism.

A sharp/blunt trocar according to the present invention makes
it possible to introduce it into a desired area and to freeze
tissues locally. Due to 1its elastic surface, which adapts
itself to the treated tissue, the freezing surface 1is enlarged
and 1t is thus possible to freeze a large tissue surface in a

single treatment step. The elastic surface makes it possible
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to partially surround the treated tissue, i.e. artery,
increasing treatment effectiveness and shortening treatment
times. The use of materials that conduct thermal energy well
decreases refrigerant requirements, due to lowered thermal
loss. The use of a sharp/blunt trocar according to the present
invention makes 1t possible to perform an arterial Dblood
pressure reduction in the renal artery by freezing the nerve
and halting the ©pressure regulatory mechanism without a
surgical incision (not longer then 1.cm) in the skin, over a
shorter time, decreasing the risk of postoperative

complications.

Example embodiments of the present invention are shown in the
illustration, in which Fig. 1 shows a longitudinal section of
the freezing probe of the sharp/blunt trocar with the elastic
surface on the side of the freezing head, Fig. 2 shows a
cross—-section of the freezing probke of the trocar of Fig. 1
with two elastic surfaces during the treatment, Fig. 3. a, b,
¢ shows <consecutive configurations of the elastic surface,
Fig. 4 shows the probe of a sharp/blunt trocar in top view,
Fig. 5 shows a cross-section of the probe of a trocar of Fig.
4 along surface A-A, Fig. 6 shows a cross-section of the probe
of a trocar of Fig. 4 along surface B-B, Fig. 5 shows a cross-
section of the probe of a trocar of Fig. 7 along surface C-C,
Fig. 8 shows a cross-section of the probe of a trocar of Fig.
4 along surface D-D, Fig. 9 shows a longitudinal section of a
probe of the sharp/blunt trocar with the elastic surface on
the front wall of the freezing head, Fig. 10 shows a cross-
section of the probe of a trocar of Fig. 9 along surface C-C,
Fig. 11 shows a magnification of the freezing head of a trocar
of Fig. 9 during the unfolding of the elastic surface, Fig. 12
shows an unfolded, single-use probe of the freezing trocar of
Fig. 9, Fig. 13 1longitudinal section of the trocar of Fig. 8
in an embodiment with a spherical elastic surface, Fig. 14

shows the elastic surface of the freezing head of a trocar of
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Fig. 9 during treatment, Fig. 15 shows another embodiment of
the freezing head of the trocar of Fig. 2, Fig. 16 shows
another embodiment of the freezing head of a trocar of Fig. 2,
Fig. 17 shows another embodiment of the freezing head of a
trocar of Fig. 2, covered by thermoinsulating material, Fig.
18 shows another embodiment of the freezing head of a trocar
of Fig. 1, Fig. 19 shows the trocar with the probe of the
present invention, Fig. 20 shows a needle with a sharp tip
enabling passage through skin after insertion through trocar,
Fig. 21 shows a pencil-point needle enabling safe passage
through muscle and fat tissue after insertion through trocar,

Fig. 22 shows the freezing probe of the present invention.
Example 1

Fig. 1 shows a sharp/blunt with an internally placed freezing
probe. The freezing probe possesses an elastic surface 2 on
the side of its head. The probe also contains sealed channels
1 that supply refrigerant to the elastic surface 2 of the
freezing head. At the opposite side of the elastic surface 2
there 1s an i1dentification area 7, which facilitates better
vigsibility and localization during diagnosis using 1image-
guided procedures with the help of medical imaging like
computed tomography, magnetic resonance imaging or
ultrasonography. Fig. 3a shows an embodiment of the elastic
surface 2 o0of the freezing probe of a shape reminiscent of
pincers, ensuring a larger contact surface at the tissue
circumference 3 with a c¢ylindrical <c¢ross-section. Fig. 3b
shows the next embodiment of the elastic surface 2 of a
freezing probe with a flat surface for universal use. Fig. 3c
shows an embodiment of the elastic surface 2 of a freezing
probe with two separate areas, which makes it possible to
freeze tissue 3 from two sides simultaneously. Fig. 2 shows a
sharp/blunt trocar with a freezing probe o elastic surface 2

placed inside with a shape as in Fig. 3c. After placing the
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trocar in an appropriate site of the body (the identification
area 7 makes it possible to verify the location of the
trocar), an expanding gas 1s introduced through the channels 1
that forms the elastic surface 2, 1n order to "inflate"™ the
elastic surface 2 and to form the decompression chamber 5. The
pumping 1is performed using a neutral gas, 1i.e. C0O2. All other
neutral gasses can be wused to pump up the decompression
chamber 5. After inflation, the refrigerant is introduced
under pressure, 1i.e. 1liguid nitrogen, which in the formed
decompression chamber 5 is decompressed and evaporates causing
a drastic drop in the temperature inside the chambers 5. The
elastic surface 2 is made of a durable elastic material with
an excellent thermal conductivity, such as graphene, resulting
in decreased thermal losses, and thinner elastic surfaces 2
may be used, thereby decreasing the amount of refrigerant
necessary to perform the treatment. Fig. 4 shows a sharp/blunt
trocar with a freezing probe with an elastic surface 2 shaped
as in Fig. 3b in top view. Figs. 5, 6, 7, 8 show transverse
sections through surfaces A-A, B-B, C-C, and D-D respectively
as shown in Fig. 4. The above sections show that the elastic
surface 2, that 1i1s used for freezing tissue 3, is located only
on a particular, defined length, through which it is possible
to manufacture a sharp/blunt trocar dedicated to particular
medical uses. The trocar used makes 1t possible to freeze
tissue 3 1in a single operation, due to the elastic freezing
surface 2, which has a desirable effect on the treatment time
and risk of complications. Due to the wuse of an elastic
surface 2 of & material with excellent thermal conductivity,
it was possible to use a smaller quantity of refrigerant. The
inflated elastic surface 2 formed a decompression chamber 5,
which possessed a relatively large volume, achieving a low
temperature, appropriate for the tissue freezing treatment,
using a lower guantity of refrigerant, without the wuse of

complicated heat exchangers.
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Example 2

Fig. 9 shows the next embodiment of a sharp/blunt trocar with
a freezing probe for freezing tissues 3. In contrast to the
trocar of Example 1, the elastic surface 2 is found at the
front of the freezing head. 1Inside the probe, between the
channels 1 supplying the refrigerant there is a pipe 6, which
conducts the pumping gas to the elastic surface 2 and forms
decompression chamber 5. This gas, as 1in Example 1, may be
CO2. Fig. 10 shows a transverse cross-section along surface A-
A of the sharp/blunt trocar with a freezing probe of Fig. 9.
Fig. 11 shows the elastic surface 2 pumping process, forming a
decompression chamber 5 with a neutral gas introduced using
pipe 6. Fig. 12 shows an unfolded freezing probe placed inside
the trocar, which discloses the simple construction of the
freezing probe, enabling its production in the form of single-
use, sterile freezing prcbhes for a dedicated use. Fig. 13
shows the trocar with a freezing probe of Fig. 9 during
refrigerant flow, such as 1liquid nitrogen. The refrigerant
undergoes decompression and evaporation in the formed
decompression chamber 5 causing a rapid temperature drop. The
trocar with a freezing probe shown possesses on its peripheral
surface a channel 1 that gives access to a pipe 4 with
excellent thermal insulation, which safeguards tissues against
undesirable freezing. This pipe may be composed of an aerogel
for example. Fig. 14 shows a trocar with a freezing probe as
per Fig. 9 during the freezing treatment of tissues 3. In this
case, the tissue 3 being frozen is the renal artery. As may be
seen, the shape of the elastic surface adapts to the treated
tissue, vyielding a large interaction surface facilitating

effective freezing.
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Example 3

Another embodiment of blunt/sharp probe is illustrated in the
Fig. 15. This probe is similar to that presented in Fig. 2. In
contrast to the trocar of Fig. 2, Fig. 15 shows a blunt/sharp
probe with two channels 1 enabling the inflow and outflow of a
gas and/or refrigerant. The freezing probe possesses an
elastic or expandable surface 2 on one side of its head. The
probe also contains outflow canal 8 sealed via sealing portion
10 to the inflow channel 1 that supply gas and/or refrigerant
to the elastic surface 2 of the freezing head. A nozzle 9 1is
located at the end of an outflow canal 8 increasing efficacy
and targeting of the elastic or expandable surfaces 2. Between
portions of elastic surface 2 lies the possible location of a
target 3 aimed at freezing, which can be the tissue. Presented
embodiment of the above-mentioned blunt/sharp probe operates
on the same principle as the probe of Example 1. Fig. 16
presents another embodiment of Dblunt/sharp probe similar to
that illustrated in Fig. 15, with three channels 1 enabling
the inflow and outflow of a freezing gas and/or refrigerant.
The freezing probe possesses an elastic or expandable surface
2 on one side of its head. The probe also contains two outflow
canals 8 sealed via sealing portion 10 to the inflow channels
1 that supply gas and/or refrigerant to the elastic surface 2
of the freezing head. Two nozzles 9 are located at the end of
an outflow canals 8 1increasing efficacy and targeting of the
elastic or expandable surfaces 2. Between portions of elastic
surface 2 lies the possible location of a target 3 aimed at
freezing, which can be the tissue. Presented embodiment of the
above-mentioned blunt/sharp probe operates on the same
principle as the probe of Example 1. Fig. 17 presents another
embodiment of blunt/sharp probe similar to that illustrated in
Fig. 15 and Fig. 16, with three channels 1 enabling the inflow
and outflow of a freezing gas and/or refrigerant. The probe 1is

enclosed/covered with an insulating material 4 enabling better
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visualization wunder an image guided (computed tomography/
ultrasound) procedure and/or decreasing the risk of collateral
damage. The freezing probe possesses an elastic or expandable
surface 2 on one side of 1its head. The probe also contains
outflow channels sealed to the inflow channels 5 that supply
refrigerant to the elastic surface 3 of the freezing head. two
outflow canals 8 sealed via sealing portion 10 to the inflow
channels 1 that supply gas and/or refrigerant to the elastic
surface 2 of the freezing head. Two nozzles 9 are located at
the end of an outflow canals 8 increasing efficacy and
targeting of the elastic or expandable surfaces 2. Between
portions of elastic surface 2 lies the possible location of a
target 3 aimed at freezing, which can be the tissue. Presented
embodiment of the above-mentioned blunt/sharp probe operates
on the same principle as the probe of Example 1. Fig. 18
presents another embodiment of blunt/sharp probe similar to
that illustrated in Fig. 15, with two channels 1 in enabling
the inflow and ocutflow of a freezing gas and/or refrigerant.
The freezing probe possesses an elastic or expandable surface
2 on one side of its head. The probe also contains outflow
canal 8 sealed via sealing portion 10 to the inflow channel 1
that supply gas and/or refrigerant to the elastic or
folded/expandable surface 2 of the freezing head. A nozzle 8
is located at the end of an outflow canal 8 1increasing
efficacy and targeting of the elastic or expandable surfaces
2. Different embodiments of blunt/sharp probe presented in the
present Example 3 can possess different configurations of the
elastic surface 2 including, but not limited to, presented in

Figs. 3 a-c.
Example 4

Figures 19-22 show the whole trocar including freezing probe
of Example 1. Figure 19 presents the trocar, which could be

used 1in an intervention to guide the probe through tissue
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decreasing the risk o©of infection. It possesses marks for
judgment o©of depth of tissue penetration as well as an
isclating layer 4 and a standard luer lock root. The tip 1is
cut in a safe manner to adjust to the inserted probe or needle
decreasing risk of damage to tissue while passing through it.
Figure 20 presents a needle with a sharp tip enabling passage
through skin after insertion through trocar. Figure 21
presents a pencil-point needle enabling safe passage through
muscle and fat tissue decreasing risk of tissue laceration of
e.g. vessels. Figure 22 presents a simple freezing probe, for
example from Example 1. With a freezing tip and an inflow and
outflow channels 1 for the freezing gas. In figures a typical

dimensions of trocar and probe are alsoc presented.
Example b5

We used the trocar of Example 1 for the regulation of arterial
hypertension. The trocar facilitated simple access to the
renal artery 3 and to the sympathetic plexus leading to the
kidneys and artery, which regulates arterial pressure. Access
to the renal artery 3 did not reguire any surgical incision in
the skin (no incision longer than 1 c¢m). The access was
through the patients back where the probe was 1inserted
transdermally, inserting paravertebrally at L1/L2 through the
soft tissues and accessing the area of the renal artery 3. The
procedure was performed using a sharp/blunt trocar eguipped
with a freezing probe. The inhibition of the sympathetic
plexus was realised through freezing the nerve or plexus,
which supplies the renal artery, through sympathetic
innervation, to a temperature below -50°C, wherein the
freezing caused the nerve to deactivate and thus to shut down
the pressure upregulating system (Renin-Angiotensin-

Aldosterone axis).
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Claims

1. Sharp/blunt trocar with a freezing probe for freezing
tissues containing sealed channels for conducting refrigerant
in a continuous or algorithmic interrupted flow, connected
with a pump and a container for the refrigerant, terminating
in a freezing head, characterised in that the freezing head
possesses at least one elastic surface (2), which changes
shape and distends as a result of the flow of gas pumped under
pressure through the trocar forming a decompression chamber
(5), into which the refrigerant 1is supplied through channels
(1) and then undergoes decompression and evaporation causing
the elastic surface (2) of the freezing head to cool, and the
aforementioned elastic surface (2) 1s capable of fitting

itself to the tissue subjected to freezing (3).

2. Sharp/blunt trocar according to Claim 1, characterised in
that elastic surface (2) occurs on the side wall of freezing

head.

3. Sharp/blunt trocar according to Claim 1, characterised in
that elastic surface (2) occurs on the front wall of freezing

head.

4. Sharp/blunt trocar according to any of Claims from 1 to 3,
characterised in that elastic surface (2) comprises a material
selected from among: PEBA, graphene, PET or other suitable

polymers.

5. Sharp/blunt trocar according to any of Claims from 1 to 4,
characterised in that the surface of the trocar, except the
elastic surface (2), 1is covered by a thermoinsulating material

(4).
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6. Sharp/blunt trocar according to Claim 5, characterised in

that the insulating material can comprise an aerogel.

7. Sharp/blunt trocar according to any of Claims from 1 to 6,
characterised in that, it further comprises at least one
outflow canal (8) sealed via sealing portion (10) to the
channel (1), having at the end a nozzle (9) which increases

efficacy and targeting of the elastic surface (2).

8. The use of a sharp/blunt trocar as defined in Claims from 1
to 7 in the downregulation of arterial blood pressure in the
renal artery by freezing the nerve and/or plexus, which
supplies the renal artery through sympathetic innervation,
halting the nerve’s activity and halting the pressure

regulatory mechanism.
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