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1
CATHETERS INCLUDING BEND
INDICATORS, CATHETER ASSEMBLIES
INCLUDING SUCH CATHETERS AND
RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national phase entry under 35 U.S.C.
§371 of International Patent Application PCT/US2011/
067638, filed Dec. 28, 2011, designating the United States of
America and published in English as International Patent
Publication WO 2013/100987 Al on Jul. 4, 2013, the
disclosure of which is hereby incorporated herein in its
entirety by this reference.

TECHNICAL FIELD

The disclosure relates generally to medical devices such
as catheters. More specifically, embodiments of the disclo-
sure relate to epidural catheters including one or more bends
indicators on the catheter at or near a distal end of the
catheter.

BACKGROUND

During insertion and placement of a conventional cath-
eter, it may be desirable to control (e.g., steer) the catheter
in a selected direction. For example, a needle, sometimes
referred to in the art as a “cannula,” may puncture the skin
of a patient and be inserted to an initial penetration depth. A
catheter, typically reinforced by a stylet inserted within the
catheter, may be introduced into the patient through the
needle. The distal end of the catheter may then be advanced
into the patient beyond the tip of the needle toward a desired
destination, such as, for example, a location within the
epidural space where it is desired to administer an analgesic.
Upon exiting the needle, the ability to control the direction
in which the distal end of the catheter proceeds may be
necessary to prevent damaging sensitive tissues and neural
structures through unintended contact with the distal end of
the catheter, to prevent mistaken administration of medica-
tions with unintended effect, and otherwise prevent harm to
the patient. U.S. Pat. No. 7,601,138 B2, issued Oct. 13, 2009
to Goebel et al., discloses that the tip of a cannula may
include a bend to bias advancement of the catheter inserted
therethrough in a desired direction. Alternatively, it is known
in the art that a user (e.g., a doctor or other medical
personnel) may bend (i.e., plastically deform) the catheter at
a location near the distal end. The user may then steer the
catheter in a desired direction by twisting an external portion
thereof, causing the distal end to point in a known direction
due to the bend placed near the distal end of the catheter.

DISCLOSURE

In some embodiments, the present disclosure includes
catheters having a tubular member including a distal end and
at least one bend indicator located proximate the distal end
of the tubular member to provide a reference point for a user
to bend the catheter.

In some embodiments, the catheter may include a coiled
member extending from within the tubular member beyond
the distal end of the tubular member to form a tip of the
catheter.
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In additional embodiments, the present disclosure
includes catheter assemblies including a catheter as
described above.

In yet additional embodiments, the present disclosure
includes a method of inserting a catheter having a bent distal
end into a patient. The method including bending a catheter
at a location proximate at least one bend indicator formed
proximate a distal end of the catheter and inserting at least
a portion of the catheter into a patient.

In yet additional embodiments, the present disclosure
includes a method of making a catheter. The method includ-
ing forming a tubular member having a proximal end and a
distal end and forming at least one bend indicator on the
catheter proximate the distal end of the tubular member to
provide a reference point for a user to bend the catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a catheter assembly in
accordance with an embodiment of the present disclosure.

FIG. 2 is a plan view of the catheter assembly shown in
FIG. 1.

FIG. 3 is an enlarged view of a distal end of the catheter
shown in FIG. 1.

FIG. 4 is a plan view of a catheter in accordance with
another embodiment of the present disclosure.

FIG. 5 is a plan view of the catheter of FIG. 4 after the
catheter has been bent.

FIG. 6 is a simplified partial cross-sectional view of the
catheter of FIG. 5 during insertion and placement.

DETAILED DESCRIPTION

The drawings are not necessarily to scale and relative
dimensions may have been exaggerated for the sake of
clarity. Additionally, elements common between figures may
retain the same or similar numerical designation.

Referring to FIGS. 1 and 2, a cross-sectional view and a
plan view of a catheter assembly 10 are shown, respectively.
The catheter assembly 10 includes a catheter 12, a catheter
hub 14, and a stylet 16. The catheter 12 comprises a tubular
member 18 having a proximal end 20 and a distal end 22.
The tubular member 18 typically comprises a flexible mate-
rial, such as, for example, a polymer suitable for use in
medical applications. In some embodiments, the catheter 12
may include a coiled member 24 positioned in the catheter
12 to, for example, reinforce the catheter 12 and reduce its
propensity to restrict flow when bent (i.e., kinked). In some
embodiments, the coiled member 24 may extend from
within the tubular member 18 beyond the distal end 22 of the
tubular member 18 to form a tip 26 of the catheter 12 at the
distal end 28 thereof. In other embodiments, the tip 26 of the
catheter 12 may be forming by another portion of the
catheter 12 (e.g., by the distal end 22 of the tubular member
18). The coiled member 24 may be formed as a spring
disposed within the tubular member 18 and extending
beyond the distal end 22 of the tubular member to form a
distal end 28 of the catheter 12. At least some of the coils of
the coiled member 24 are spaced further apart at the distal
end 28 of the catheter 12 near the tip 26 to enable a fluid
(e.g., a liquid analgesic) to exit the catheter 12 at the distal
end 28 thereof. In some embodiments, an end of the coiled
member 24 forming the tip 26 may include a substantially
smooth end (e.g., a semispherical outer surface).

In some embodiments, the stylet 16 may be inserted into
the catheter 12 to reinforce the catheter 12, for example,
during insertion and placement. For example, the stylet 16
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may be inserted within the catheter 12 and bent in unison
with the catheter 12 to enable the catheter 12 to remain in the
bent configuration during a procedure. The stylet 16 extends
from a stylet cap 40 toward the distal end 28 of the catheter
12. The stylet 16 typically comprises an elongated member
configured to increase stiffness and structural strength of the
catheter 12 in which the stylet 16 may be inserted and, when
bent along with the catheter 12, will act to maintain the
catheter 12 in a bent configuration. In some embodiments,
the stylet 16 may extend at least to bend indicators 42 (FIG.
3). For example, the stylet 16 may extend to at least the distal
end 22 of the catheter 12 (e.g., to the tip 26). The stylet 16
may comprise a wire, a tube, a plurality of intertwined or
interwoven wires, or a plurality of intertwined or interwoven
tubes. In some embodiments, the stylet 16 optionally
includes at least one of enhanced radio frequency (RF),
resistance heating, thermocouple, and microwave apparatus.
The stylet 16 is formed from a material suitable for use in
medical fields, such as, for example, medical grade stainless
steel or medical grade titanium.

In some embodiments, the proximal end 20 of the catheter
12 may be secured within the catheter connection hub 14.
Exemplary catheter connection hubs 14 for connection to
catheters 12 are disclosed in, for example, U.S. Patent
Application Publication No. 2008/0183154, published Jul.
31, 2008, now U.S. Pat. No. 8,038,667, issued Oct. 18, 2011,
to Racz et al. The proximal end 20 of the catheter 12 is
configured for insertion into a catheter-receiving portion 30
of the catheter connection hub 14. The proximal end 20 of
the catheter 12 is securable within the catheter-receiving
portion 30 of the catheter connection hub 14 using, for
example, a deformable member 32 that may selectively
constrict and expand in response to relative rotation of first
and second portions 34 and 36 of the catheter connection
hub 14. Such selective constriction and expansion of the
deformable member 32 selectively secures and releases the
proximal end 20 of the catheter 12. The catheter connection
hub 14 typically includes a connection portion 38 (e.g., a
female Luer taper portion) at an end of the catheter connec-
tion hub 14 opposing the catheter-receiving portion 30 for
connection to a fluid source. The connection portion 38
extends within the catheter connection hub 14 to a location
at or near a terminal end of the catheter-receiving portion 30.

In use, the catheter connection hub 14 is connected to the
proximal end 20 of the tubular member 18 of the catheter 12
after the distal end 28 of the catheter 12 has been placed at
what the doctor or other medical care personnel thinks is an
appropriate location within the patient. Once the catheter
connection hub 14 has been secured to the proximal end 20
of the tubular member 18 of the catheter 12, another device
or substance (e.g., an RF probe or a fluid analgesic) may be
introduced to the patient through the catheter. For example,
a hypodermic syringe comprising a male Luer taper portion
and containing a fluid analgesic may be inserted into the
catheter 12 through the connection portion 38 of the catheter
connection hub 14, and the fluid analgesic may be intro-
duced to the patient through the catheter 12. Afterward, the
catheter connection hub 14 typically remains connected to
the catheter 12 for additional administrations of the other
device or substance or during repositioning of the distal end
28 of the catheter 12. For example, the catheter connection
hub 14 may remain fixed to the proximal end 20 of the
tubular member 18 of the catheter 12 and may be affixed to
the skin of the patient, such as with medical tape, to allow
for additional doses of fluid analgesic to be supplied through
the catheter 12 as previously described.
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Referring to FIG. 3, an enlarged view of the distal end 28
of the catheter 12 of FIG. 1 is shown. The catheter 12
includes one or more bend indicators 42 located proximate
to the distal end 22 of the tubular member 18. It is noted that
while the embodiment of FIG. 3 illustrates the catheter 12
having two bend indicators 42, it is contemplated the cath-
eter 12 may include any number of bend indicators 42 (e.g.,
one, three, four, five, or more). The bend indicators 42 are
formed as visible markings that provide a reference point for
a user to bend the catheter 12 (e.g., the tubular member 18
and the coiled member 24 and stylet 16, if implemented)
prior to insertion and placement of the catheter 12. In other
words, the bend indicators 42 may be utilized to form a
portion of the catheter 12 that extends at an oblique angle
relative to an immediately adjacent portion of the catheter
12. The bend indicators 42 may be substantially consistently
formed on a plurality of catheters 12 such that bending each
catheter 12 at the same location relative to the bend indica-
tors 42 will provide a consistent location of the bend on each
of the catheters 12. In some embodiments, the presence of
bend indicators 42 on a catheter 12 may signal to a user that
the procedure to be performed (e.g., a catheter insertion
procedure) may require that or may be more easily per-
formed when the distal end 28 of the catheter 12 is bent.

The bend indicators 42 are located at a distance from the
tip 26 of the catheter 12 where it may be desirable to bend
the catheter 12 for a particular procedure. For example, a
first bend indicator 42 may be located a first distance d, from
the tip 26 of the catheter 12. The first distance d, may
correspond to a location for a bend that may be used during
a procedure that requires maneuvering the distal end 28 of
the catheter 12 within a relatively tight space. For example,
the first distance d,; may correspond to a location for a bend
used when positioning the distal end 28 of the catheter 12
within the cervical or upper thoracic regions of the spine for
administration of an analgesic. Such a first distance d, may
be about 15 mm from the tip 26 of the catheter 12. For
example, the first distance may be 15 mm=2 mm, 15 mm=1
mm, or 15 mm=0.5 mm from the tip 26 of the catheter 12.
A second bend indicator 42 may be located a second distance
d, from the tip 26 of the catheter 12. The second distance d,
may correspond to a location for a bend used during a
procedure that requires maneuvering the distal end 28 of the
catheter 12 within a relatively less tight space. For example,
the second distance d, may correspond to a location for a
bend used when positioning the distal end 28 of the catheter
12 within the lumbar or sacral region of the spine for
administration of an analgesic. Such a second distance d,
may be about 25 mm from the tip 26 of the catheter 12. For
example, the second distance d, may be 25 mm=2 mm, 25
mmz=1 mm, or 25 mm=0.5 mm from the tip 26 of the catheter
12.

In embodiments where the bend indicators 42 are located
at first and second distances d, and d, on a single catheter 12,
the bend indicators 42 may enable a single catheter 12 to be
used for either type of procedure described previously. In
other embodiments, a single bend indicator 42 may be
located at either the first distance d, or the second distance
d, on a single catheter 12. In such an embodiment, a catheter
12 may be specifically designated for one of the procedures
described previously. In this way, the presence of a single
bend indicator 42 may signal to a user that the catheter 12
should be bent before performing the procedure and may
signal which procedure is to be performed or what procedure
the catheter is specifically designed to perform.

The bend indicators 42 may be formed on a portion of the
catheter 12. For example, the bend indicators 42 may be
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printed or otherwise marked on a portion of the tubular
member 18 (e.g., an external portion). In other embodi-
ments, the bend indicators 42 may be formed on other
portions of the catheter 12 such as on the coiled spring 24 or
the stylet 16, where implemented. The bend indicators 42
typically comprise a material that provides a visible contrast
with the material of the tubular member 18, is suitable for
medical applications, and is not easily removed from the
tubular member 18. In embodiments where the material of
the catheter 12 is translucent or transparent, the bend indi-
cators 42 may alternatively be printed on an internal portion
of the tubular member 18. In further embodiments, the bend
indicators 42 are integrally formed with the tubular member
18 of the catheter 12. For example, a pigment or dye added
to the material of the tubular member 18 of the catheter 12
forms the bend indicators 42. In other embodiments, the
bend indicators 42 may comprise a different material embed-
ded within or otherwise connected to the material of the
tubular member 18 of the catheter 12. In some embodiments,
the bend indicators 42 may be formed from a radio-opaque
material (i.e., a material that prevents or distorts passage of
electromagnetic radiation, such as X-rays), such as, for
example, barium or iodine. In such embodiments, the bend
indicators 42 enable a user to verify that the distal end 28 of
the catheter 12 has been properly placed within the patient
using electromagnetic imaging, such as X-ray imaging.

Referring to FIG. 4, a plan view of a catheter 12 is shown.
The catheter 12 comprises a tubular member 18 extending
from a proximal end 20 to a distal end 22. As shown in FIG.
4, the catheter 12 includes a coiled member 24 extending
from within the tubular member 18 beyond the distal end 22
to a tip 26. The catheter 12 includes at least two bend
indicators 42 located proximate the distal end 22 of the
tubular member 18 to provide a reference point for a user to
bend the tubular member 18 and coiled member 24. A first
of the bend indicators 42 is located about 15 mm from the
tip 26 of the coiled member 24, and a second of the bend
indicators 42 is located about 25 mm from the tip 26 of the
coiled member 24, as discussed above. The catheter 12 also
includes an optional plurality of depth indicators 44 located
between the bend indicators 42 and the proximal end 20 of
the tubular member 18. The depth indicators 44 are config-
ured to indicate to a user the depth of insertion of the distal
end 28 of the catheter, and are typically located a positions
corresponding to depths of insertion for certain procedures
(e.g., depths relative to a flexible introducer cannula (FIC)).
The depth indicators 44 are located approximately at a
midpoint between the distal end 28 of the catheter 12 and the
proximal end 20 of the tubular member 18 of the catheter 12
in some embodiments. In other embodiments, the depth
indicators 44 are located proximate the proximal end 20 of
the tubular member 18 of the catheter 12. The catheter 12
may include a stylet 16 inserted therein and extending from
a stylet cap 40 toward the distal end 28 of the catheter 12.
After being provided with a catheter 12, a user wishing to
control the direction in which the catheter 12 advances
during insertion and placement of the catheter 12 bends the
catheter 12.

Referring to FIG. 5, a plan view of the catheter 12 of FIG.
4 is shown after it has been bent. The user bends a portion
of the catheter 12 (e.g., the tubular member 18, the coiled
member 24, and the stylet 16 inserted therein) causing at
least some plastic deformation to the portion of the catheter
12 at a location proximate to one or more of the bend
indicators 42. For example, a user may bend the catheter 12
at or near one of the bend indicators 42. In some embodi-
ments, the bend indicators 42 may enable a user to be
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instructed to bend the catheter 12 at or near one or more of
the bend indicators 42, for example, during training to
ensure that the catheter 12 is inserted and placed properly for
a selected procedure. In such an embodiment, the bend
indicators 42 enable a user to relatively more accurately and
consistently locate the bend on the catheter 12 to ensure that
procedures using the bent catheter 12 are properly per-
formed. As another example, a user may bend the catheter 12
at a location near the bend indicators 42. An experienced
user may find that bending the catheter 12 at a location not
precisely at, but nonetheless near, the bend indicators 42
may be preferable to that user for a selected procedure. In
such situations, the bend indicators 42 serve as reference
points to enable experienced users to accurately and con-
sistently locate the bend on the catheter 12 to ensure that
procedures using the bent catheter are properly and consis-
tently performed. In other words, the bend indicators 42 may
enable a user to repeatedly bend multiple catheters 12 in
consistent locations. By way of example, the user may bend
the catheter 12 at a location within 5 mm from one of the
bend indicators 42, within 2 mm from one of the bend
indicators 42, or within 1 mm from one of the bend
indicators 42. As specific, non-limiting examples, a user
may bend the catheter 12 at a location about 15 mm from the
tip 26 of the coiled member 24 when placing the distal end
28 of the catheter 12 in the cervical or upper thoracic region
of the epidural space or a user may bend the catheter 12 at
a location about 25 mm from the tip 26 of the coiled member
24 when placing the distal end 28 of the catheter 12 in the
lumbar or sacral region of the epidural space. By indicating
to a user where a bend may be consistently and accurately
placed on a catheter 12, the bend indicators 42 enable the
bent catheter 12 to operate in a consistent, predictable
fashion, which enables the user to consistently and reliably
perform a selected procedure.

Referring to FIG. 6, a simplified partial cross-sectional
view of the catheter 12 of FIG. 5 is shown during insertion
and placement. After bending the catheter 12, a user inserts
the catheter 12 into a patient to perform a selected proce-
dure. For example, a user may insert the catheter 12 into the
patient using the so-called “Racz method” of entering the
epidural space through the coccyx. In such a method, a user
typically punctures the skin of the patient using a needle 46
and inserts the needle 46 to a first insertion depth. The bent
catheter 12 is inserted into the patient through the needle 46,
and beyond the first insertion depth. A user then controls the
direction in which the tip 26 of the catheter 12 advances by
controlling rotation of the catheter 12 (e.g., torque applied to
the catheter 12) at the exterior of the patient. For example,
a user may control the direction in which the distal end 28
of the catheter 12 advances by rotating the catheter 12 in a
clockwise or counterclockwise direction, as indicated by
arrows in FIG. 6. As the user rotates the catheter 12, the bend
proximate the distal end 28 of the catheter 12 causes the
distal end 28 of the catheter to point, and therefore proceed,
in a different direction than when the catheter 12 has not
been rotated. As another example, a user controls the direc-
tion in which the distal end 28 of the catheter 12 advances
by retaining the catheter 12 in a fixed radial orientation (i.e.,
prevents rotation of the catheter 12). In such a method, a user
may ensure that a catheter 12 already proceeding in a desired
direction maintains its course. Should the user determine
that the distal end 28 of the catheter 12 is veering off course
or has advanced to an undesirable location, the user may
rotate the catheter 12 while altering the depth of insertion of
the catheter to reposition or course-correct. In such a
method, the user may control the direction in which the
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distal end 28 of the catheter 12 advances during insertion,
placement, and repositioning of the distal end 28 of the
catheter 12.

What is claimed is:

1. A method of inserting an epidural catheter having a bent
distal end into a patient, the method comprising:

providing an epidural catheter assembly to an end user in

an unbent state comprising:

a tubular member comprising a distal end;

at least two bend indicators located proximate the distal
end of the tubular member to provide reference
points for the end user to bend at least a portion of
the catheter assembly, each bend indicator of the at
least two bend indicators located at a select distance
from a tip of the catheter assembly to provide a
respective reference point for the end user to bend a
portion of the catheter assembly, the at least two
bend indicators comprising a first bend indicator and
a second bend indicator;

inserting a stylet at least partially into the catheter assem-

bly;

after inserting the stylet at least partially into the catheter

assembly, bending, by the end user, at least a portion of
the catheter assembly at the first bend indicator or at the
second bend indicator; and

after bending the at least a portion of the catheter assem-

bly and plastically deforming the stylet within the
catheter assembly, inserting, by the end user, the at least
a portion of the catheter assembly into the patient into
the cervical or upper thoracic region of the patient’s
spine for administration of an analgesic if the catheter
assembly was bent at the first bend indicator or into the
lumbar or sacral region of the patent’s spine for admin-
istration of the analgesic if the catheter assembly was
bent at the second bend indicator.

2. The method according to claim 1, wherein providing
the epidural catheter assembly comprises providing a first
bend indicator located about fifteen (15) mm from the tip of
the catheter assembly to position the distal end of the
catheter assembly in one of a cervical region and an upper
thoracic region of the patient’s spine.

3. The method according to claim 2, wherein providing
the epidural catheter assembly further comprises providing
a second bend indicator located about twenty-five (25) mm
from the tip of the catheter assembly to position the distal
end of the catheter assembly in one of a lumbar region and
a sacral region of the patient’s spine.

4. The method according to claim 1, further comprising
controlling a direction of the tip of the catheter assembly as
the catheter assembly advances into the patient by control-
ling rotation of the catheter assembly.

5. The method according to claim 4, wherein controlling
a direction of the tip of the catheter assembly as the catheter
assembly advances into the patient comprises rotating the
catheter assembly.
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6. The method according to claim 4, wherein controlling
a direction of the tip of the catheter assembly as the catheter
assembly advances into the patient comprises retaining the
catheter assembly in a fixed radial orientation.

7. Amethod of inserting a catheter having a bent distal end
into a subject proximate the subject’s nervous system, the
method comprising:

providing a catheter assembly to an end user, wherein a

distal portion of a tubular member for supplying a
treatment to the subject of the catheter assembly is in a
substantially unbent configuration, the catheter includ-
ing at least two bend indicators comprising a first bend
indicator and a second bend indicator;

inserting a stylet at least partially into the catheter assem-

bly;

after inserting the stylet at least partially into the tubular

member, bending, by the end user, at least the distal
portion of the tubular member of the catheter assembly
at the first bend indicator or at the second bend indi-
cator, wherein each bend indicator of the at least two
bend indicators is located at a select distance from a tip
of the catheter assembly to provide a respective refer-
ence point for the end user to bend the distal portion of
the catheter assembly, the bending further comprising
plastically deforming the stylet within the tubular mem-
ber to reinforce the bent distal portion of the tubular
member; and

after bending the at least the distal portion of the tubular

member and plastically deforming the stylet within the
tubular member, inserting, by the end user, the at least
a portion of the catheter assembly into the patient into
the cervical or upper thoracic region of the patient’s
spine for administration of an analgesic if the catheter
assembly was bent at the first bend indicator or into the
lumbar or sacral region of the patent’s spine for admin-
istration of the analgesic if the catheter assembly was
bent at the second bend indicator.

8. The method according to claim 7, wherein providing
the catheter assembly comprises providing a first bend
indicator of the at least two bend indicators on the tubular
member located about fifteen (15) mm from the tip of the
catheter assembly adapted for maneuvering the distal end of
the tubular member within a cervical or upper thoracic
region of the subject’s spine for administration of an anal-
gesic.

9. The method according to claim 8, wherein providing
the catheter assembly comprises providing a second bend
indicator of the at least two bend indicators on the tubular
member located about twenty-five (25) mm from the tip of
the catheter assembly adapted for maneuvering the distal
end of the tubular member within the lumbar or sacral region
of the subject’s spine for administration of the analgesic.

#* #* #* #* #*
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 29,539,415 B2 Page 1of1
APPLICATION NO. : 14/369172

DATED : January 10, 2017

INVENTOR(S) : N. Sandor Racz et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification
Column 2, Line 53, change “be forming by” to --be formed by--

In the Claims

Claim 1, Column 7, Line 33, change “the patent’s spine” to --the patient’s spine--
Claim 7, Column 8, Line 33, change “into the patient™ to --into the subject--
Claim 7, Column 8, Line 34, change “of the patient’s™ to --of the subject’s--
Claim 7, Column 8, Line 37, change “the patent’s spine” to --the subject’s spine--
Signed and Sealed this

Twenty-eighth Day of March, 2017

Debatle X Loa

Michelle K. Lee
Director of the United States Patent and Trademark Office
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