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(57) Abstract: The use of non-thermal plasma to treat mucus membrane bleeding is described herein. A non-thermal plasma is
generated using an apparatus having a first electrode that receives alternating electrical potentials from a power supply. When
placed in an appropriate location proximate to tissue, a non-thermal plasma is generated, the second electrode being human tissue,
blood, etc. To reduce the likelihood of an arc being generated, potentially causing tissue damage or pain, the first electrode is par-
tially encapsulated by a dielectric. The non-thermal plasma is applied to the area of bleeding for treatment.
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CONTROL OF MUCUS MEMBRANE BLEEDING WITH COLD PLASMA

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to United States Patent Application No.
12/175,756, filed July 18, 2008, entitled, “Control Of Mucus Membrane Bleeding With Cold

Plasma,” incorporated herein by reference.

FIELD OF THE INVENTION
[0002] The present subject matter is related to the control of mucus membrane bleeding

of the acrodigestive and gastrointestinal tract.

BACKGROUND

[0003] Mucus membrane bleeding of the aerodigestive and gastrointestinal tracts may
occur for various reasons. Epistaxis, for example, is a hemorrhage in the nostril cavity.
Common treatment of the epistaxis may include the application of direct pressure by pinching
the flexible portion of the nose. Another treatment is the application of a vasoconstrictive agent.
Other forms of the treatment of epistaxis may include cauterizing of the wound area in the nose
with the application of thermal energy, or heat. These thermal methods, along with other
methods described herein and used currently, including the use of devices such as the Bovie

device, may cause tissue damage and be painful for the patient.

SUMMARY

[0004] The present subject matter is directed to the control of mucus membrane
bleeding of the aerodigestive and gastrointestinal tracts using a non-thermal plasma. A device is
described having an electrode connected to a power supply. In one exemplary embodiment, the
electrode is partially encapsulated with a dielectric insulator. The device is configured to cause
the generation of a non-thermal plasma when electrical power is applied to the electrode. The
non-thermal plasma is placed at least partially in contact with the area of bleeding, causing
coagulation of the blood.

[0005] In one aspect, an apparatus for treating mucus membrane bleeding is disclosed.
The apparatus has a first electrode that receives power from an alternating current power supply.
The power supply supplies voltage of alternating electrical potential to generate a non-thermal
plasma at a location on the first electrode. The apparatus is at least partially encapsulated by a

dielectric.
S1-
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[0006] In another aspect, a system is described, the system having an apparatus having
a first electrode and a dielectric partially encapsulating the first electrode. The apparatus is in
electrical communication with the apparatus to provide alternating electrical potential to the
apparatus to generate a non-thermal plasma.

[0007] Another aspect described is a method for treating mucus membrane bleeding.
An apparatus is position in an appropriate location to a surface, typically the area in which
bleeding is occurring. Alternating electrical potential is applied to the apparatus, which has an
electrode, is supplied to the electrode to form an non-thermal plasma. The area is treated using
the non-thermal plasma.

[0008] This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This summary is not intended
to identify key features or essential features of the claimed subject matter, nor is it intended to be
used as an aid in determining the scope of the claimed subject matter.

[0009] Other features of the subject matter are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The summary, as well as the following detailed description, is further
understood when read in conjunction with the appended drawings. For the purpose of
illustrating the subject matter, there are shown in the drawings exemplary embodiments of the
subject matter; however, the presently disclosed subject matter is not limited to the specific
methods, compositions, and devices disclosed. In addition, the drawings are not necessarily
drawn to scale. In the drawings:

[0011] Figure 1 is an exemplary and non-limiting illustration of an apparatus for
controlling mucus membrane bleeding of the acrodigestive and gastrointestinal tracts;

[0012] Figure 2 is an exemplary and non-limiting illustration of a system for controlling
mucus membrane bleeding of the aerodigestive and gastrointestinal tracts;

[0013] Figure 3 is an exemplary and non-limiting illustration of an apparatus
controlling a bleed using plasma;

[0014] Figure 4 is an exemplary and non-limiting illustration of an apparatus
controlling a nose bleed,;

[0015] Figure 5 is an exemplary and non-limiting illustration of an alternative apparatus
for controlling epistaxis;

[0016] Figure 6 is an exemplary and non-limiting illustration of a further alternative

apparatus for controlling epistaxis using an air source and a vacuum;

.
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[0017] Figure 7 is an exemplary and non-limiting illustration of a still further alternate
apparatus for controlling epistaxis assisted by gas flow pressure; and
[0018] Figure 8 is an exemplary and non-limiting illustration of an apparatus for

controlling epistaxis using optics.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0019] The present subject matter can be understood more readily by reference to the
following detailed description taken in connection with the accompanying figures and examples,
which form a part of this disclosure. It is to be understood that this invention is not limited to the
specific devices, methods, applications, conditions or parameters described and/or shown herein,
and that the terminology used herein is for the purpose of describing particular embodiments by
way of example only and is not intended to be limiting of the claimed invention.

[0020] Also, as used in the specification including the appended claims, the singular

(13 29 <
a

forms an,” and “the” include the plural, and reference to a particular numerical value
includes at least that particular value, unless the context clearly dictates otherwise. The term
“plurality”, as used herein, means more than one. When a range of values is expressed, another
embodiment includes from the one particular value and/or to the other particular value.
Similarly, when values are expressed as approximations, by use of the antecedent “about,” it will
be understood that the particular value forms another embodiment. All ranges are inclusive and
combinable.

[0021] The term “non-thermal plasma” is used in the present subject matter as is
understood by those skilled in the art. Non-thermal plasma discharge is similar to dielectric
barrier discharge (“DBD”). Although not limited to any particular configuration, the presently
disclosed subject matter can be used in conjunction with a non-thermal plasma created at or near
standard atmospheric pressure and does not need or create high, or tissue damaging,
temperatures at the treatment location. In one example, when placed in contact with a non-
thermal plasma, the tissue may increase in temperature by only a few degrees.

[0022] In the presently disclosed subject matter, an exemplary non-thermal plasma is an
alternating current discharge between two electrodes, one of which is at least partially
encapsulated by a dielectric. The other electrode, which is termed a floating clectrode, is the
tissue. Upon the application of an alternating potential to the encapsulated electrode, a plasma
develops in the discharge gap, i.e. the space between the two electrodes. The non-thermal
plasma is driven by an applied alternating high voltage, some examples, kilovolts, which

generates a high electric field between the electrodes. The dielectric preferable prevents arcing
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between the two electrodes, which may cause thermal damage to tissue that comes in contact
with the arc.

[0023] In the present subject matter, the dielectric helps to prevent arc formation by
providing for the accumulation of charges on the surfaces, thereby generating an electric field
that opposes the applied field, thereby limiting the current and preventing an uncontrolled
discharge from occurring. The alternating high voltage polarities help to ensure the formation of
a discharge in each half of the cycle. The frequency of applied potential may vary, but an
exemplary frequency can be in the kilohertz range. This frequency may help to prevent the
plasma generated in each half of the cycle from fully extinguishing, i.e. appears to be a constant
and steady-state plasma.

[0024] Referring now to the drawings, wherein like reference numerals designate
corresponding structure throughout the views, and referring in particular to FIG. 1, an exemplary
illustration of an apparatus, apparatus 100, for treating mucus membrane bleeding of the
acrodigestive and gastrointestinal tracts is described. Apparatus 100 has electrode 104 which is
in electrical communication with an external power supply (not shown) through electrical
connection 106. To provide for the creation of non-thermal plasma 108, electrode 104 is at least
partially encapsulated by dielectric 102. Dielectric 102 can be constructed from various
materials including plastic or ceramic. Further, the rigidity of dielectric 102 may vary from
rigid, or non-flexible, to flexible.

[0025] Figure 2 illustrates exemplary system 200 for controlling mucus membrane
bleeding of the acrodigestive and gastrointestinal tracts. System 200 comprises apparatus 204
which is constructed in a similar manner to apparatus 100 of Figure 1. To power apparatus 204,
apparatus 204 is connected to power supply 202 via electrical connector 208. Power supply 202
may have various control or monitoring features such as power monitor 210 and power control
206.

[0026] Power supply 202 may have additional control features such as frequency
control. In one exemplary embodiment, non-thermal plasma is generated by system 200 using a
high frequency oscillation from about 5 kHz to about 20,000 kHz. A preferable range,
depending upon various conditions, can be from about 10 kHz to approximately 30 kHz. Power
supply 202 may also be configured to output high voltage from approximately 2 kV to about 50
kV. Depending upon various conditions, a preferable range of voltage can be from 10 kV to
approximately 30 kV.

[0027] By placing apparatus 204 in a suitable position proximate to tissue, a non-

thermal plasma can be created, as shown in Figure 3. Apparatus 304, configured in a manner
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similar to apparatus 100 of Figure 1, is placed in a location proximate to tissue 302. In this
example, capillaries (not shown) in tissue 302 are damaged, causing local bleeding region 300 to
occur in tissue 302. Apparatus 304 is placed in a location proximate to tissue 302 and local
bleed region 300. When power is supplied to apparatus 304, non-thermal plasma 306 is
generated, as the surface of tissue 302 acts as a second electrode. To treat the bleeding,
apparatus 304 is moved to place non-thermal plasma 306 in contact with local bleeding region
300. This causes the blood to coagulate to arrest or control the bleeding.

[0028] The present subject matter can be used to control or treat bleeding in various
locations of the mucus membrane of the acrodigestive and gastrointestinal tracts. The detailed
description below discusses the use of the subject matter in treating epistaxis, or nose bleeds, for
exemplary purposes only and is not intended to limit the scope of the present subject matter to
epistaxis.

[0029] Figure 4 illustrates the use of non-thermal plasma to control epistaxis. In Figure
4, nasal cavity 400 is shown to have epistaxis 402, which may have occurred for various reasons.
Apparatus 406, having construction similar to apparatus 100 of Figure 1, is placed in a location
proximate to epistaxis 402. The tissue surrounding epistaxis 402 and the epistaxis itself acts as a
second electrode. When in a suitable position, alternating potential applied to apparatus 406
creates non-thermal plasma 408, wherein the non-thermal plasma 408 effectively completes an
electrical circuit between a first potential applied to apparatus 406 and epistaxis 402 and
surrounding tissue. Apparatus 406 can be moved to place non-thermal plasma 408 in contact
with epistaxis 402, causing the coagulation of blood in epistaxis 402, thereby controlling the
bleeding. The application time, i.c. the time in which non-thermal plasma 408 is placed in
contact with epistaxis 402, may vary according to various conditions, such as the amount of
bleeding, the size of epistaxis 402, the number of capillaries that are bleeding, and the power
supplied to apparatus 406.

[0030] To help position apparatus 406 within the nasal cavity, to prevent contact of
apparatus 406 with the tissue in the nasal cavity, or for other reasons not disclosed herein,
apparatus 406 can be configured with an external piece. For example, apparatus 500 shown in
Figure 5, which can be similar in construction to apparatus 100 of Figure 1, can be constructed
having o-ring 504 that is positioned circumferentially around the outer circumference of
dielectric 502 of apparatus 500. O-ring 504 may help to position apparatus 500 as well as help to
keep the end of apparatus 500 that is inserted into a nasal cavity from contacting tissue in the

nasal cavity.
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[0031] If there is extensive bleeding, or if the bleeding is severe enough that the site of
the epistaxis is not suitable for contact by a non-thermal plasma, an apparatus for generating the
non-thermal plasma can be further configured to have additional features that help make the site
suitable for treatment. Figure 6 is an illustration of apparatus 600, which can be used in a
manner similar to apparatus 100 of Figure 1, that can be used to assist in the treatment of the
epistaxis.

[0032] Apparatus 600 has dielectric 602 which encapsulates electrode 604 which is in
electrical communication with a power supply (not shown). To assist in removing particles,
debris or blood from the area, apparatus 600 can be configured to have additional features. In
Figure 6, apparatus has vacuum lines 606, which are connected to vacuum source 614 through
tube 610. By applying a vacuum generated by vacuum source 614 to the area, a person using
apparatus 600 can remove material from the area through vacuum lines 606. This may provide
the ability to make the area suitable for application of a plasma.

[0033] To provide for additional benefits, apparatus 600 may also be supplied with a
pressurized gas source to forcibly remove material from the area being treated. Apparatus 600 is
shown having pressure lines 608 which provide for the expelling of pressurized gas. Pressure
lines 608 are connected to pressurized gas source 616 through tube 612. The gas used may vary
depending upon a particular need or configuration, but may include air or hydrogen. The gas
may also be a local anesthetic. Both the vacuum in vacuum lines 606 and the pressurized gas in
pressure lines 608 can be controlled through various means, such as a shutoff or throttle valve
(not shown).

[0034] If the epistaxis is severe enough that the application of plasma does not abate the
flow of blood through coagulation, apparatus 100 can be configured to provide a gas-dynamic
pressure source that counteracts the pressure of the blood exiting the wound site. Shown in
Figure 7 is apparatus 700, which operates and can be constructed in a manner similar to
apparatus 100 of Figure 1. A user (not shown) may attempt to use apparatus 700 to control
epistaxis 708, which is allowing blood from capillary 704 to escape through tissue 706.

[0035] Because blood in capillary 704 can be at blood pressure, the rate at which the
blood exits epistaxis 708 at exit point 710 may be too great to allow blood coagulation, even with
the application of non-thermal plasma 712 generated through the use of apparatus 700. The rate
at which blood exits epistaxis 708 depends, at least in part, upon the relative pressure between
the pressure of the blood in capillary 704 and atmosphere, or the pressure at exit point 710. It is
understood that other factors may affect the rate at which the blood exits, including the size of

epistaxis 708.



WO 2010/009103 PCT/US2009/050509

[0036] Because it may not be feasible to change the pressure of a patient’s blood
system, it may be necessary to change the pressure at exit point 710. Thus, apparatus 700 can be
configured to apply an additional pressure in the form of directional gas flow to provide a
counteracting pressure to the pressure in capillary 704 to try to reduce the rate of blood flow in
epistaxis 708. Apparatus 700 is configured to have gas jets 702a and 702b. Gas jets 702a and
702b can be configured to have directional outlets that expel pressurized gas in a specific
direction. The directional pressurized gas can be used to provide the counteracting pressure
discussed previously. Depending upon the severity of the blood flow, the rate and speed of gas
exiting gas jets 702a and 702b can be adjusted. Further, depending upon a particular
configuration, the gas may vary, from air to an anesthetic.

[0037] To assist the user in correct placement of the plasma, the user can be provided
with optics that may permit the user to see the arca of application and the effect of the treatment
of the plasma, among other benefits. Figure 8 is an exemplary and non-limiting illustration of an
apparatus for controlling epistaxis using optics. Apparatus 800 can be constructed and operated
in a manner similar to apparatus 100 of Figure 1 with some additional features. To provide for
optical input for the user, apparatus 800 can be configured to have fiberoptic waveguide 806
which transmits images received at optical input 808 to the user (not shown). The input may
provide the user with the ability to properly position apparatus 800 to treat an epistaxis. The
optic may also include a light source to illuminate the area undergoing treatment.

[0038] While the embodiments have been described in connection with the preferred
embodiments of the various figures, it is to be understood that other similar embodiments may be
used or modifications and additions may be made to the described embodiment for performing
the same function without deviating therefrom. Therefore, the disclosed embodiments should not
be limited to any single embodiment but rather should be construed in breadth and scope in

accordance with the appended claims.
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What is Claimed:

1. An apparatus for treating mucus membrane bleeding of the aerodigestive and
gastrointestinal tracts, comprising:

a first electrode configured to receive power from an alternating current power supply,
wherein the power supply is configured to supply a voltage of alternating electrical potential to
generate a non-thermal plasma in a location proximate to the first electrode, wherein the non-
thermal plasma that is generated is capable of being placed in an appropriate location to an area
in which a mucus membrane is bleeding; and

a dielectric at least partially encapsulating the first electrode, wherein the dielectric is

configured to reduce the likelihood of an arc when a plasma is formed.

2. The apparatus of claim 1, wherein the first electrode or dielectric, or both, are flexible.
3. The apparatus of claim 1, wherein the first electrode or the dielectric, or both, are rigid.
4. The apparatus of claim 1, further comprising a vacuum line to provide for a vacuum,

wherein the vacuum is configured to remove particles, debris, blood, or any combination thereof.

5. The apparatus of claim 1, further comprising a pressure line to provide for a source of
pressurized gas, wherein the source of pressurized gas is configured to provide a positive

pressure source to a site in which the mucus membrane is bleeding.

6. The apparatus of claim 5, wherein the positive pressure source is used to remove material

from the site.

7. The apparatus of claim 1, wherein the pressurized gas is expelled through a directional
nozzle to provide for a gas jet, wherein the pressure of the gas jet is capable of being further

configured to provide for a counteracting pressure to help reduce the rate of bleeding.

8. The apparatus of claim 1, further comprising a fiberoptic waveguide to transmit images to

a user of the apparatus.

9. The apparatus of claim 1, wherein the power supply is capable of supplying a voltage in

the range of from about 2 kV to about 50 kV.

-8-
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10. The apparatus of claim 9, wherein the voltage of the power supply is in the range of from

about 10 kV to about 30 kV

11. The apparatus of claim 1, wherein the frequency of the power supply is in the range of

from about 5 kHz to about 20,000 kHz.

12. The apparatus of claim 11, wherein the frequency of the power supply is in the range of

from about 10 kHz to about 30 kHz.

13. The apparatus of claim 1, wherein the mucus membrane bleeding is an epistaxis.

14. A system, comprising:
an apparatus comprising:
a first electrode; and
a dielectric at least partially encapsulating the first electrode, wherein the
dielectric is configured to reduce the likelihood of an arc when a plasma is formed; and
an alternating current power supply in electrical communication with the first electrode,
wherein the power supply is configured to supply a voltage of alternating electrical potential to
generate a non-thermal plasma in a location proximate to the first electrode, wherein the non-

thermal plasma that is generated is placed proximate to an area which is bleeding.

15. The system of claim 14, further comprising;:
a vacuum source for providing a vacuum to a vacuum line of the apparatus; and
a pressurized gas source for providing a source of pressurized gas to a gas line of the

apparatus.

16. The system of claim 14, wherein the pressurized gas is expelled through a directional
nozzle to provide for a gas jet, wherein the gas jet is capable of being configured to provide for a

counteracting pressure to help reduce the rate of flow of blood.

17.  The system of claim 14, wherein the apparatus further comprises a fiberoptic waveguide

configured to provide for the transmission of images to a user of the apparatus.

18. The system of claim 14, wherein the voltage of the power supply is in a range from

approximately 2 kV to approximately 50 kV.

-9.
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19. The system of claim 18, wherein the voltage of the power supply is in a range from 10
kVto30kV
20. The system of claim 14, wherein the frequency of the power supply is in a range from

approximately 5 kHz to approximately 20,000 kHz.

21. The system of claim 14, wherein the frequency of the power supply is in a range from 10

kHz to 30 kHz.

22. The system of claim 14, wherein the mucus membrane bleeding is an epistaxis.

23. A method for controlling mucus membrane bleeding, comprising:
contacting a non-thermal plasma to a location in which mucus membrane bleeding is

occurring.

24, The method of claim 23, wherein the voltage of the power supply is in the range of from
about 2 kV to about 50 kV.

25. The method of claim 23, wherein the voltage of the power supply is in the range of from
about 10 kV to about 30 kV.

26. The method of claim 23, wherein the frequency of the power supply is in the range of
from about 5 kHz to about 20,000 kHz.

27. The method of claim 26, wherein the frequency of the power supply is in the range of
from about 10 kHz to about 30 kHz.

28. The method of claim 27, wherein the mucus membrane bleeding is an epistaxis.

29. A method for controlling mucus membrane bleeding, comprising:

determining a location of the mucus membrane in which bleeding is occurring;

positioning an apparatus at a location proximate to the location of the mucus membrane
bleeding, wherein the apparatus comprises a first electrode and a dielectric at least partially
encapsulating the first electrode;

supplying a voltage of alternating electrical polarity to the apparatus to generate a non-

thermal plasma; and
-10 -
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applying the non-thermal plasma to the location in which mucus membrane bleeding is

occurring.

30.  The method of claim 29, further comprising:
removing particles, debris or blood from the location in which mucus membrane bleeding

is occurring by applying a vacuum.

31. The method of claim 30, further comprising removing particles, debris, or blood from the

location in which mucus membrane bleeding is occurring by applying pressurized gas.

32. The method of claim 31, further comprising reducing the rate of blood flow by applying

directional, pressurized gas flow to the location in which mucus membrane bleeding is occurring.

33.  The method of claim 30, wherein the mucus membrane bleeding is an epistaxis.

-11 -
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