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ATHERECTOMY BURRS WITH
BLOOD FLOW ENHANCEMENTS

RELATED APPLICATIONS
[0001] This application claims the benefit under 35 USC 119 to US Provisional Serial
No. 63/108,045, filed October 30, 2020, which application is incorporated by reference

herein.

TECHNICAL FIELD
[0002] The present disclosure pertains to medical devices, and methods for
manufacturing and using medical devices. More particularly, the disclosure is directed to
devices and methods for removing occlusive material from a body lumen. Further, the
disclosure is directed to an atherectomy device for forming a passageway through an

occlusion of a body lumen, such as a blood vessel.

BACKGROUND
[0003] A wide variety of medical devices have been developed for medical use, for
example, for use in accessing body cavities and interacting with fluids and structures in
body cavities. Some of these devices may include guidewires, catheters, pumps, motors,
controllers, filters, grinders, needles, valves, and delivery devices and/or systems used for
delivering such devices. These devices are manufactured by any one of a variety of
different manufacturing methods and may be used according to any one of a variety of
methods. Of the known medical devices and methods, each has certain advantages and
disadvantages.
SUMMARY

[0004] This disclosure provides design, material, manufacturing method, and use
alternatives for medical devices. As an example, an atherectomy system includes an
atherectomy burr having one or more blood flow enhancement features that permit an
increased level of blood flow past the burr relative to a blood flow that would result absent
the one or more flow enhancement features. The atherectomy burr includes a burr body
and an outer surface as well as a drive mechanism that is adapted to rotatably actuate the

atherectomy burr.
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[0005] Alternatively or additionally, the drive mechanism may include a drive cable
that is adapted to be coupled with the atherectomy burr and a prime mover that is adapted

to rotate the drive cable.

[0006] Alternatively or additionally, an outer surface of the atherectomy burr may

include an abrasive material.

[0007] Alternatively or additionally, substantially all of the plaque that is removed

during operation of the atherectomy system may be removed by the abrasive material.

[0008] Alternatively or additionally, the one or more blood flow enhancement features

may include blood flow grooves formed within the outer surface of the atherectomy burr.

[0009] Alternatively or additionally, the blood flow grooves may have a rounded over

edge having a radius of curvatures sufficient to not provide a cutting edge.

[0010] Alternatively or additionally, the radius of curvature may be at least 0.0001

inches.

[0011] Alternatively or additionally, the one or more blood flow enhancement features

may include a single asymmetric cut within the burr body.

[0012] Alternatively or additionally, the blood flow grooves may include a plurality of
symmetrically arranged blood flow grooves extending axially along a length of the burr

body.

[0013] Alternatively or additionally, the blood flow grooves may include one or more

blood flow grooves extending spirally along a length of the burr body.

[0014] Alternatively or additionally, the one or more blood flow enhancement features

may include one or more blood flow channels that pass through an interior of the burr body.

[0015] Alternatively or additionally, at least one of the one or more blood flow

channels may extend axially through the interior of the burr body.

[0016] Alternatively or additionally, at least one of the one or more blood flow

channels may extend radially into the interior of the burr body.
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[0017] As another example, an atherectomy burr may be adapted for use in a rotational
atherectomy system. The atherectomy burr includes an atherectomy burr body extending
from a distal region to a proximal region thereof and adapted to be secured relative to a
drive cable of a rotational atherectomy system. The atherectomy burr body defines an outer
surface and includes one or more blood flow enhancement features that are adapted to

increase blood flow past the burr.

[0018] Alternatively or additionally, the one or more blood flow enhancement features

may include blood flow grooves formed within the outer surface of the atherectomy burr.

[0019] Alternatively or additionally, the one or more blood flow enhancement features

may include a single asymmetric cut within the burr body.

[0020] Alternatively or additionally, the one or more blood flow enhancement features
may include a plurality of symmetrically arranged blood flow grooves extending axially

along a length of the burr body.

[0021] Alternatively or additionally, the one or more blood flow enhancement features
may include one or more blood flow grooves extending spirally along a length of the burr

body.

[0022] Alternatively or additionally, the one or more blood flow enhancement features

may include one or more blood flow channels that pass through an interior of the burr body.

[0023] Alternatively or additionally, the one or more blood flow enhancement features
may include two or more blood flow channels that are asymmetrically arranged about the

outer surface of the atherectomy burr.

[0024] Alternatively or additionally, the one or more flow enhancement features may

be adapted to provide preferential cutting of inelastic material relative to elastic material.

[0025] Alternatively or additionally, the one or more blood flow enhancement features
may include a flow channel formed within the outer surface of the atherectomy burr, where

the flow channel includes a chamfered leading edge.

[0026] Alternatively or additionally, the flow channel may include a semi-spiral

channel.
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[0027] Alternatively or additionally, the flow channel may include a straight flow

channel arranged at an angle with respect to a longitudinal axis of the atherectomy burr.

[0028] As another example, an atherectomy burr may be adapted for use in a rotational
atherectomy system. The atherectomy burr includes an atherectomy burr body extending
from a distal region to a proximal region thereof and adapted to be secured relative to a
drive cable of a rotational atherectomy system. The atherectomy burr body defines an outer
surface, with a first blood flow enhancing groove formed in the outer surface and extending
at least a portion of a length of the burr body and a second blood flow enhancing groove
formed in the outer surface and extending at least a portion of the length of the burr body,
the second blood flow enhancing groove spaced about 180 degrees circumferentially from

the first blood flow enhancing groove.

[0029] The above summary of some embodiments is not intended to describe each
disclosed embodiment or every implementation of the present disclosure. The Figures, and

Detailed Description, which follow, more particularly exemplify these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with

the accompanying drawings, in which:
[0031] FIG. 1 is a schematic block diagram of an illustrative atherectomy system;

[0032] FIG. 2 is a perspective view of an illustrative atherectomy burr usable in the

illustrative atherectomy system of FIG. 1;

[0033] FIG. 3 is a perspective view of an illustrative atherectomy burr usable in the

illustrative atherectomy system of FIG. 1;

[0034] FIG. 4 is a perspective view of an illustrative atherectomy burr usable in the

illustrative atherectomy system of FIG. 1;

[0035] FIG. 5 is an end view of an illustrative atherectomy burr usable in the illustrative

atherectomy system of FIG. 1;

[0036] FIG. 6 is an enlarged view of a portion of FIG. 5;
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[0037] FIG. 7 is a perspective view of an illustrative atherectomy burr usable in the

illustrative atherectomy system of FIG. 1;

[0038] FIG. 8 is a perspective view of an illustrative atherectomy burr usable in the

illustrative atherectomy system of FIG. 1;

[0039] FIG. 9 is a perspective view of an illustrative atherectomy burr usable in the

illustrative atherectomy system of FIG. 1;

[0040] FIG. 10 is a perspective view of an illustrative atherectomy burr usable in the

illustrative atherectomy system of FIG. 1; and
[0041] FIG. 11 is a graph illustrating experimental data.

[0042] While the disclosure is amenable to various modifications and alternative
forms, specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the
disclosure to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of
the disclosure.
DESCRIPTION

[0043] For the following defined terms, these definitions shall be applied, unless a

different definition is given in the claims or elsewhere in this specification.

[0044] All numeric values are herein assumed to be modified by the term “about,”
whether or not explicitly indicated. The term “about” generally refers to a range of
numbers that one of skill in the art would consider equivalent to the recited value (i.e.,
having the same function or result). In many instances, the terms “about” may include

numbers that are rounded to the nearest significant figure.

[0045] The recitation of numerical ranges by endpoints includes all numbers within

that range (e.g. 1 to S includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

[l

[0046] As used in this specification and the appended claims, the singular forms “a”,
“an”, and “the” include plural referents unless the content clearly dictates otherwise. As
used in this specification and the appended claims, the term “or” is generally employed in

its sense including “and/or” unless the content clearly dictates otherwise.
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[0047] The following detailed description should be read with reference to the
drawings in which similar elements in different drawings are numbered the same. The
drawings, which are not necessarily to scale, depict illustrative embodiments and are not

intended to limit the scope of the invention.

[0048] Cardiovascular disease and peripheral arterial disease may arise from
accumulation of atheromatous material on the inner walls of vascular lumens, resulting in
a condition known as atherosclerosis. Atheromatous and other vascular deposits may
restrict blood flow and can cause ischemia in a heart of a patient, vasculature of a patient’s
legs, a patient’s carotid artery, etc. Such ischemia may lead to pain, swelling, wounds that

will not heal, amputation, stroke, myocardial infarction, and/or other conditions.

[0049] Atheromatous deposits may have widely varying properties, with some deposits
being relatively soft or fatty, fibrous, or calcified. All are inelastic. The deposits may be
referred to as plaque. Atherosclerosis occurs naturally as a result of aging, but may also
be aggravated by factors such as diet, hypertension, heredity, vascular injury, and the like.
Atherosclerosis may be treated in a variety of ways, including drugs, bypass surgery, and/or
a variety of catheter-based approaches that may rely on intravascular widening or removal
of the atheromatous or other material occluding the blood vessel. Atherectomy is a

catheter-based intervention that may be used to treat atherosclerosis.

[0050] Atherectomy in an interventional medical procedure performed to restore a flow
of blood through a portion of a patient’s vasculature that has been blocked by plaque or
other material (e.g., blocked by an occlusion). In an atherectomy procedure, a device on
an end of a drive shaft is used to engage and/or remove (e.g., abrade, grind, cut, shave, etc.)
plaque or other material from a patient’s vessel (e.g., artery or vein). In some cases, the
device on an end of the drive shaft may be abrasive and/or may otherwise be configured to
remove plaque from a vessel wall or other obstruction in a vessel when the device is

rotating and engages the plaque or other obstruction.

[0051] FIG. 1 depicts an atherectomy system 10. The atherectomy system 10 may be
electrically driven, pneumatically driven and/or driven in one or more other suitable
manner. Additional or alternative components to those illustrated and described herein

may be utilized in the operation of the atherectomy system 10.
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[0052] The atherectomy system 10 may include a drive assembly 12 and a control unit
14 (e.g., a controller). The drive assembly 12 may include, among other elements, an
advancer assembly 16 and a rotation assembly 17. Although the control unit 14 is depicted
as being separate from the drive assembly 12 in FIG. 1, the functionality of the control unit
14 and the drive assembly 12 may be incorporated into a single component (e.g., in the

advancer assembly 16 or other suitable single component).

[0053] The rotation assembly 17 may include a drive shaft 18 (e.g., an elongate
member that may be or may include a flexible drive shaft or other suitable drive shaft), an
atherectomy burr 20, and an elongate member 22 having a first end (e.g., a proximal end),
a second end (e.g., a distal end), and a lumen extending from the first end to the second
end for receiving the drive shaft 18. In some cases, the elongate member 22 may be an
elongated tubular member. The atherectomy burr 20 may have a rough surface, such that
it is configured to grind, abrade, etc. plaque from a vessel wall or other obstruction in a

vessel when it is rotated.

[0054] The advancer assembly 16 may include a knob 23, a housing 26, a drive
mechanism (internal to the advancer assembly and thus not visible), and/or one or more
other suitable components. The housing 26 may at least partially house the drive
mechanism and the knob 23 may be at least partially accessible from an exterior of the
housing 26. The drive mechanism may be or may include a motor (e.g., an electric motor,
pneumatic motor, or other suitable motor) at least partially housed within the housing 26
and in communication with the knob 23, the drive shaft 18, and the control unit 14. The
knob 23 may be configured to advance along a longitudinal path to longitudinally advance

the drive mechanism 34 and the rotation assembly 17.

[0055] The drive mechanism may be coupled to the drive shaft 18 in a suitable manner
including, but not limited to, a weld connection, a clamping connection, an adhesive
connection, a threaded connection, and/or other suitable connection configured to
withstand rotational speeds and forces. As the drive shaft 18 may rotate over a wide range
of speeds (e.g., at speeds of between zero (0) RPM and 250,000 RPM or higher), the
coupling between the drive mechanism and the drive shaft 18 may be configured to

withstand such rotational speeds and associated forces.
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[0056] The drive shaft 18 may be formed from one or more of a variety of materials.
For example, the drive shaft 18 may be formed from one or more of a variety of materials,

including steel, stainless steel, other metal, polymer, and/or other suitable materials.

[0057] The drive shaft 18 may have a suitable diameter and/or length for traversing
vasculature of a patient. The diameter and/or the length of the drive shaft 18 may depend
on the dimension of the lumen of the elongate member 22, the dimensions of vessels of a
patient to be traversed, and/or one or more other suitable factors. In some cases, the drive
shaft 18 may have a diameter in a range from about 0.030 centimeters (cm) or smaller to
about 0.150 cm or larger and a working length in a range from about ten (10) cm or shorter
to about three hundred (300) cm or longer. In one example, the drive shaft 18 may have a
diameter of about 0.05715 cm and a length of about fifty (50) cm. Alternatively, the drive

shaft 18 may have a different suitable diameter and/or different suitable length.

[0058] The atherectomy burr 20 may have an outer perimeter which is equal to or larger
than a distal diameter of the drive shaft 18 and/or the elongate member 22. Alternatively
or in addition, the atherectomy burr 20 may have an outer perimeter which is smaller than
a diameter of the drive shaft 18 and/or the elongate member 22. The atherectomy burr 20
may have a symmetric design so that it penetrates equally well in both rotational directions,
but this is not required and the atherectomy burr 20 may be configured to penetrate in only

one rotational direction.

[0059] The atherectomy burr 20 may be coupled to the drive shaft 18. Where the drive
shaft 18 has a first end portion (e.g., a proximal end portion) and a second end portion (e.g.,
a distal end portion), the atherectomy burr 20 may be coupled to the drive shaft 18 at or
near the second end portion. In some cases, the atherectomy burr 20 may be located at or

adjacent a terminal end of the second end portion of the drive shaft 18.

[0060] The atherectomy burr 20 may be coupled to the drive shaft 18 in any manner.
For example, the atherectomy burr 20 may be coupled to the drive shaft 18 with an adhesive
connection, a threaded connection, a weld connection, a clamping connection, and/or other
suitable connection configured to withstand rotational speeds and forces. Similar to as
discussed above with respect to the connection between the drive shaft 18 and the drive

mechanism, as the drive shaft 18 and/or the atherectomy burr 20 may rotate at speeds
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between zero (0) RPM and 250,000 RPM or higher, the coupling between the drive shaft
18 and the atherectomy burr 20 may be configured to withstand such rotational speeds and

associated forces.

[0061] The drive assembly 12 and the control unit 14 may be in communication and
may be located in or may have a same housing and/or located in or have separate housings
(e.g., the advancer assembly housing 26 and a control unit housing 28 or other housings).
Whether in the same housing or in separate housings, the drive assembly 12 and the control
unit 14 may be in communication through a wired connection (e.g., via one or more wires
in an electrical connector 24 or other suitable electrical connector) and/or a wireless
connection. Wireless connections may be made via one or more communication protocols
including, but not limited to, cellular communication, ZigBee, Bluetooth, Wi-Fi, Infrared
Data Association (IrDA), dedicated short range communication (DSRC), EnOcean, and/or

any other suitable common or proprietary wireless protocol, as desired.

[0062] Although not necessarily shown in FIG. 1, the drive assembly 12 may include
and/or enclose one or more operational features. For example, among other features, the
drive assembly 12 may include a motor (e.g., as discussed above and/or other suitable

motor), rubber feet, control electronics, drive circuitry, etc.

[0063] The control unit 14, which may be separate from the drive assembly 12 (e.g.,
as shown in FIG. 1) or may be included in the drive assembly 12, may include several
features. For example, as shown in FIG. 1, the control unit 14 may include a display 30
and a control knob 32 (e.g., a motor speed (e.g., RPM or other speed) adjustment knob or
other control knob). Additionally or alternatively, the control unit 14 may include one or
more other features for controlling the drive mechanism and/or other features of the drive
assembly 12 (e.g., one or more drive mechanism states of the drive mechanism) including,
but not limited to, a processor, memory, input/output devices, a speaker, volume control
buttons, on/off power supply switch, motor activation switch, a timer, a clock, and/or one

or more other features.

[0064] In some cases, the control unit 14 may include one or more drive mechanism
load output control mechanisms for controlling an operation of the atherectomy system 10.

In one example of a drive mechanism load output control mechanism that may be included
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in the control unit 14, the control unit 14 may include a mechanism configured to set and/or
adjust an advancing load output (e.g., a rotational speed) and/or a retracting load output
from the drive mechanism 34. Additionally or alternatively, the control unit 14 may
include other control and/or safety mechanism for controlling the operation of the

atherectomy system 10 and mitigating risks to patients.

[0065] In use, there may be times in which the atherectomy burr 20 may partially or
even completely occlude blood flow through a vessel, particularly when the atherectomy
burr 20 is abrading into and/or through a calcified occlusion. The atherectomy burr 20 may
have a diameter that is in the range of 1.25 millimeters (mm) to 5 mm and a length that is
in the range of 4 mm to 8 mm. The atherectomy burr 20 may be considered as being
adapted to remove calcified material via abrasion, rather than by cutting. The atherectomy
burr 20 may include an abrasive material secured to an outer surface of the atherectomy
burr 20. In some cases, the abrasive material may be diamond crystals or other diamond-

based material.

[0066] In some cases, the atherectomy burr 20 may be adapted to permit blood flow
through or past the atherectomy burr 20 in situations in which blood flow would be
occluded, absent adaptations made to the atherectomy burr. FIGS. 2 through 8 provide
illustrative but non-limiting examples of atherectomy burrs that include adaptations such
as blood flow enhancement features that permit blood to flow through or around the

atherectomy burr when the atherectomy burr is engaged within a blood vessel.

[0067] FIG. 2 is a perspective view of an atherectomy burr 40. The atherectomy burr
40 may be considered as being an example of the atherectomy burr 20 shown in FIG. 1.
The atherectomy burr 40 has a burr body 42 that extends from a distal region 44 to a
proximal region 46. The burr body 42 includes an outer surface 48 and a lumen 50 that
extends through the burr body 42. The atherectomy burr 40 includes blood flow
enhancement features that permit blood flow through the atherectomy burr 40 that would
not otherwise be feasible. As illustrated, the atherectomy burr 40 includes a first blood
flow channel 52 and a second blood flow channel 54. As shown, the first blood flow
channel 52 and the second blood flow channel 54 are spaced about 180 degrees apart. In

some cases, there may be only one blood flow channel. In some cases, there may be three,

10
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four, five, six or more through blood flow channels extending through the burr body 42. 1t
will be appreciated that having more blood flow channels may improve blood flow through
the blood flow channels and thus having more blood flow channels may reduce the
occlusive impact of the atherectomy burr 40 being in a particular blood vessel, particularly
if an overall diameter of the atherectomy burr 40 is close to or equal to a diameter of the

particular blood vessel.

[0068] The first blood flow channel 52 and the second blood flow channel 54 may each
have a cylindrical shape and may exit through the proximal region 46 of the burr body 42.
At least one of the first blood flow channel 52 and the second blood flow channel 54, and
any additional blood flow channels, if included, may have an ovoid cross-sectional shape.
In some instances, the first blood flow channel 52 and the second blood flow channel 54,
and any additional blood flow channels, if included, may have a circular cross-sectional
shape, a rectilinear cross-sectional shape, a triangular cross-sectional shape, or any other
desired cross-sectional shape. The first blood flow channel 52 and/or the second blood
flow channel 54 may have a constant internal diameter. In some cases, the first blood flow
channel 52 and/or the second blood flow channel 54 may have an internal diameter that
increases moving proximally. In some cases, the first blood flow channel 52 and/or the
second blood flow channel 54 may have an internal diameter that decreases moving

proximally.

[0069] In some cases, the first blood flow channel 52 and/or the second blood flow
channel 54 may have a circular cross-sectional shape having a diameter in the range of
0.0003 inches to 0.020 inches. In some cases, the first blood flow channel 52 and/or the
second blood flow channel 54 may have a circular cross-sectional shape having a diameter
that is at least partially dependent on the diameter of the atherectomy burr 40. A larger
diameter burr can accommodate a relatively larger diameter blood flow channel, for
example, while a smaller diameter burr may be more limited with respect to the size of
blood flow channel that can be accommodated. Merely as an illustrative but non-limiting
example, an atherectomy burr having a diameter of 1.5 millimeters may have blood flow
channels having a diameter of 0.008 inches. An atherectomy burr having a diameter of 2.5

millimeters may have blood flow channels that are proportionally larger. An atherectomy

11
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burr having a diameter of 6 millimeters will also have blood flow channels that are

proportionally larger.

[0070] It will be appreciated that blood cells have an average diameter of about 0.0003
inches, which may be considered as a practical lower limit to the size of the blood flow
channels 52 and 54. In some cases, making the blood flow channels 52 and 54 as large as
possible can provide increased fluid flow through the atherectomy burr 40, with relatively
decreased frictional losses. As the diameter of the blood flow channels 52 and 54
decreases, it will be appreciated that frictional losses caused by boundary layers and other

causes can substantially decrease fluid flow through the blood flow channels 52 and 54.

[0071] In some cases, the openings to the first blood flow channel 52 and the second
blood flow channel 54 may have rounded over edges, such that the edges do not damage
blood cells flowing towards and into the first blood flow channel 52 and the second blood
flow channel 54. In some cases, the openings to the first blood flow channel 52 and the
second blood flow channel 54 may have a radius of curvature that is up to 1 millimeters
for smaller diameter atherectomy burrs and a radius of curvature that is up to 10 millimeters
for larger diameter burrs. For example, the openings to the first blood flow channel 52 and
the second blood flow channel 54 may have a radius of curvature in the range of 0.0001
inches to 0.020 inches. FIG. 6 provides an example defining what the radius of curvature
is.

[0072] FIG. 3 is a perspective view of an atherectomy burr 60. The atherectomy burr
60 may be considered as being an example of the atherectomy burr 20 shown in FIG. 1.
The atherectomy burr 60 has a burr body 62 that extends from a distal region 64 to a
proximal region 66. The burr body 62 includes an outer surface 68 and a lumen 70 that
extends through the burr body 62. The atherectomy burr 60 includes blood flow
enhancement features that permit blood flow through the atherectomy burr 60 that would
not otherwise be feasible. As illustrated, the atherectomy burr 60 includes a single
asymmetric cut 72 formed within the outer surface 68. The single asymmetric cut 72
extends from the distal region 64 to the proximal region 66. In some cases, having a single
asymmetric cut 72 means that the atherectomy burr 60 is off-balance. As a result, when

the atherectomy burr 60 rotates, the atherectomy burr 60 will not simply rotate in place,

12
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but will have an orbital path as it rotates. In some cases, this can mean that the atherectomy
burr 60 may be able to create a larger hole through an occlusion than would otherwise be

possible for a particular size of atherectomy burr 60.

[0073] While the asymmetric cut 72 is shown in FIG. 3 as being straight, in some cases
the asymmetric cut 72 could instead be spiral-shaped. In some cases, the asymmetric cut
72 may have a length that ranges from 10 percent up to 100 percent of a length of the
atherectomy burr 60. A width of the asymmetric cut 72 may be up to 50 percent of a
circumference of the atherectomy burr 60, with the circumference measured at a widest
point of the atherectomy burr 60. In some cases, the asymmetric cut 72 may have a depth
that is up to 50 percent of a diameter of the atherectomy burr 60, with the diameter

measured at a widest point of the atherectomy burr 60.

[0074] In some instances, the single asymmetric cut 72 has a semi-circular profile. In
some cases, the single asymmetric cut 72 may have a flat or linear profile, as would result
if one were to simply cut or grind away a portion of the curved burr body 62. The single
asymmetric cut 72 may have dimensions of up to 25 percent of the burr diameter. While a
single asymmetric cut 72 is illustrated, in some cases the atherectomy burr 60 may include
two or more asymmetric cuts 72, spaced unequally around the burr body 62. Depending
on how much of an orbital path is desired, the relative spacing between the two or more
asymmetric cuts 72 can be varied. If there are two asymmetric cuts 72, for example, and a
relatively small orbital path is desired, perhaps the two asymmetric cuts 72 may be spaced
150 to 170 degrees apart (as opposed to 180 degrees, which would be symmetric). If a
relatively larger orbital path is desired, the two asymmetric cuts 72 could be spaced 120
degrees part, for example. It will be appreciated that having a larger cut, or having multiple
cuts, will improve blood flow past the atherectomy burr 60 but may reduce the available
amount of abrasive material. In determining how far apart the asymmetric cuts are spaced,
it should be noted that the burr body 62 has a largely cylindrical profile nearer its proximal
region 66 and a tapered profile nearer its distal region 64. Spacing may be considered as

being defined within the largely cylindrical profile portion of the burr body 62.

[0075] In some cases, the edges of the asymmetric cut 72 may be rounded over, such

that the edges do not damage blood cells flowing towards and into the asymmetric cut 72.
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In some cases, the edges of the asymmetric cut 72 may have a radius of curvature that is
up to 1 millimeters for smaller diameter atherectomy burrs and a radius of curvature that is
up to 10 millimeters for larger diameter burrs. For example, the edges of the asymmetric
cut 72 may have a radius of curvature in the range of 0.0001 inches to 0.020 inches. FIG.

6 provides an example defining what the radius of curvature is.

[0076] FIG. 4 is a perspective view of an atherectomy burr 80. The atherectomy burr
80 may be considered as being an example of the atherectomy burr 20 shown in FIG. 1.
The atherectomy burr 80 has a burr body 82 that extends from a distal region 84 to a
proximal region 86. The burr body 82 includes an outer surface 88 and a lumen 90 that
extends through the burr body 82. The atherectomy burr 80 includes blood flow
enhancement features that permit blood flow through the atherectomy burr 80 that would
not otherwise be feasible. As illustrated, the atherectomy burr 80 includes a first blood
flow groove 92 and a second blood flow groove 94. Each of the first blood flow groove
92 and the second blood flow groove 94 extend from the distal region 84 to the proximal

region 86 of the burr body 82.

[0077] As shown, the first blood flow groove 92 and the second blood flow groove 94
are symmetrically arranged, being spaced 180 degrees apart. As a result, the first blood
flow groove 92 and the second blood flow groove 94 will not materially alter the rotational
patterns of the atherectomy burr 80. While two blood flow grooves 92, 94 are shown, it
will be appreciated that there may be additional blood flow grooves. For example, the
atherectomy burr 80 could include a total of three blood flow grooves, each spaced 120
degrees apart. In determining how far apart the blood flow grooves are spaced, it should
be noted that the burr body 82 has a largely cylindrical profile nearer its proximal region
86 and a tapered profile nearer its distal region 84. Spacing may be considered as being
defined within the largely cylindrical profile portion of the burr body 82. As illustrated,
the first blood flow groove 92 and the second blood flow groove 94 each have a semi-
circular profile. Each of the first blood flow groove 92 and the second blood flow groove

94 may have dimensions of up to 25 percent of the burr diameter.

[0078] In some cases, the edges of the first blood flow groove 92 and the second blood

flow groove 94 may be rounded over, such that the edges do not damage blood cells
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flowing towards and into the first blood flow groove 92 and the second blood flow groove
94. In some cases, the edges of the first blood flow groove 92 and the second blood flow
groove 94 may each have a radius of curvature that is up to 1 millimeters for smaller
diameter atherectomy burrs and a radius of curvature that is up to 10 millimeters for larger
diameter burrs. For example, the edges of the first blood flow groove 92 and the second
blood flow groove 94 may have a radius of curvature in the range of 0.0001 inches to 0.020

inches. FIG. 6 provides an example defining what the radius of curvature is.

[0079] FIG. 5 is a perspective view of an atherectomy burr 100. The atherectomy burr
100 may be considered as being an example of the atherectomy burr 20 shown in FIG. 1.
The atherectomy burr 100 has a burr body 102 that includes an outer surface 104 and a
lumen 106 that extends through the burr body 102. The atherectomy burr 100 includes
blood flow enhancement features that permit blood flow through the atherectomy burr 100
that would not otherwise be feasible. As illustrated, the atherectomy burr 100 includes a
first blood flow groove 108, a second blood flow groove 110, a third blood flow groove
112 and a fourth blood flow groove 114. The blood flow grooves 108, 110, 112, 114 are
equally spaced about the burr body 102 and are 90 degrees apart.

[0080] In some cases, there may be additional blood flow grooves formed in the outer
surface 104 of the burr body 102. For example, a total of five blood flow grooves could
be spaced 72 degrees apart. A total of six blood flow grooves could be spaced 60 degrees
apart. These are just examples. As shown, each of the blood flow grooves 108, 110, 112,
114 have a semi-circular profile. In some cases, it is contemplated that one or more of the
blood flow grooves 108, 110, 112, 114 could have a V-shaped profile, for example, or a

rectilinear profile.

[0081] Regardless of the overall shape of the blood flow grooves 108, 110, 112, 114,
the edges between each of the blood flow grooves 108, 110, 112, 114 and the outer surface
104 are sufficiently rounded over to prevent the blood flow grooves 108, 110, 112, 114
from serving as cutting edges. FIG. 6 provides an enlarged view of the blood flow groove
108 as illustrative. As can be seen, the transition formed between the blood flow groove
108 and the outer surface 104 has a radius of curvature ‘r’ that limits or even prevents any

part of the blood flow groove 108 from cutting or substantially cutting tissue. As noted,
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the atherectomy burr 20, and the atherectomy burrs 40, 60, 80, 100 discussed thus far are
intended to function as abrasive burrs, not cutting burrs. Accordingly, the transition formed
between the blood flow groove 108 and the outer surface 104 has a radius of curvature of
up to 10 millimeters for large atherectomy burrs and a radius of curvature of up to 1
millimeters for small atherectomy burrs. As an example, the transition between the blood
flow groove 108 and the outer surface 104 may have a radius of curvature in the range of

0.0001 inches to 0.020 inches.

[0082] FIG. 7 is a perspective view of an atherectomy burr 120. The atherectomy burr
120 may be considered as being an example of the atherectomy burr 20 shown in FIG. 1.
The atherectomy burr 120 has a burr body 122 that extends from a distal region 124 to a
proximal region 126. The burr body 122 includes an outer surface 128 and a lumen 130
that extends through the burr body 122. The atherectomy burr 120 includes blood flow
enhancement features that permit blood flow through the atherectomy burr 120 that would
not otherwise be feasible. As illustrated, the atherectomy burr 120 includes a number of
fluted cuts, including fluted cuts 130, 132, 134, 136 and 138 that are visible in this

illustration.

[0083] In some cases, the atherectomy burr 120 may include from two (2) to fifteen
(14) fluted cuts. The atherectomy burr 120 may include from four (4) to ten (10) fluted
cuts. The atherectomy burr 120 may include from six (6) to eight (8) fluted cuts. In some
cases, the atherectomy burr 120 may include a total of six (6) or eight (8) fluted cuts. Each
of the fluted cuts 130, 132, 134, 136 and 138 may have a length that ranges from ten (10)
percent to one hundred (100) percent of a length of the atherectomy burr 120. Each of the
fluted cuts 130, 132, 134, 136 and 138 may have a depth that ranges from near zero (0) to
twenty five (25) percent of a diameter of the atherectomy burr 120. In the case of a six (6)
millimeter diameter atherectomy burr, the depth may be as great as forty (40) percent of
the diameter. Each of the fluted cuts 130, 132, 134, 136 and 138 may have a width that is
up to fifty (50) percent of a diameter of the atherectomy burr 120, with a caveat that a
combined width (adding the width of each of the fluted cuts) does not exceed ninety (90)

or ninety five (95) percent of the diameter of the atherectomy burr 120.
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[0084] FIG. 8 is a perspective view of an atherectomy burr 140. The atherectomy burr
140 may be considered as being an example of the atherectomy burr 20 shown in FIG. 1.
The atherectomy burr 140 has a burr body 142 that extends from a distal region 144 to a
proximal region 146. The burr body 142 includes an outer surface 148 and a lumen 150
that extends through the burr body 142. The atherectomy burr 140 includes blood flow
enhancement features that permit blood flow through the atherectomy burr 140 that would
not otherwise be feasible. As illustrated, the atherectomy burr 140 includes a spiral blood
flow groove 150 that extends from a distal end 152 that is disposed within the distal region
144 to a proximal end 154 (not visible). In some cases, the spiral blood flow groove 150
may have a depth that is up to forty (40) or forty five (45) percent of a diameter of the
atherectomy burr 140. The spiral blood flow groove 150 has a rounded-over transition
between the spiral blood flow groove 150 and the outer surface 148 such that the spiral
blood flow groove 150 does not form any cutting edges, similar to that discussed with

respect to FIG. 6.

[0085] FIG. 9 is a perspective view of an illustrative atherectomy burr 227 having a
guidewire entry port 230 that is surrounded by a buffer zone 231 located at the front. The
buffer zone 231 may be free of abrasive material. The atherectomy burr 227 includes a
semi-spiral channel 210 having a low pitch, where pitch is defined as number of degrees
of twist per centimeter of length. The semi-spiral channel 210 may serve to pump blood
as the atherectomy burr 227 rotates in a direction indicated by an arrow 228. In some cases,
the semi-spiral channel 231 pushes blood and debris distally, in a manner similar to that of
a marine propeller. It will be appreciated that each element of the blood volume may

receive a vector component of force in the distal direction.

[0086] The semi-spiral channel 210 may have a leading edge 211 that is substantially
rounded or chamfered over a distance that ranges from 0.02 to 10 times a width of the
blood flow channel, or a distance that ranges from 0.05 to 10 times the width of the blood
flow channel provided by the semi-spiral channel 210. As a result, not only does the
leading edge 211 not provide a cutting feature, but the leading edge 211 also provides for
a gradual return of rebounded tissue residing in the semi-spiral channel 231 to a surface
212 that is equal to the burr maximum at each position in the longitudinal direction.

Furthermore, the tissue is not engaged by diamond crystals 232 until it has stabilized in an
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orbit equal to the burr’s maximum radius of gyration. As a result, healthy compliant tissue
will not be engaged by the diamond crystals 232 beyond its elastic limit, thereby preserving
differential cutting. Differential cutting refers to a process whereby diseased tissue having
inelastic properties is differentially removed while healthy tissue, which is elastic, is

spared.

[0087] FIG. 10 is a side view of an illustrative atherectomy burr 227a having a
guidewire entry port 230 that is surrounded by a buffer zone 231 located at the front. The
buffer zone 231 may be free of abrasive material. The atherectomy burr 227a includes a
channel 210a that is straight, but at a small angle with respect to a longitudinal axis 240.
With rotation in the direction indicated by the arrow 228, blood will be pushed in the distal
direction by the channel 210a. As in FIG. 9, the leading edge 211a is substantially rounded
or chamfered over a distance that ranges from 0.02 to 10 times a width of the blood flow
channel provided by the channel 210a, or a distance that ranges from 0.05 to 10 times the
width of the blood flow channel. As a result, the leading edge 211a does not provide a
cutting feature, but the leading edge 211a does provide for a gradual return of rebounded
tissue residing in the channel 210a to a surface 212a that is equal to the burr maximum at
each position in the longitudinal direction. Furthermore, the tissue is not engaged by
diamond crystals 232 until it has stabilized in an orbit equal to the burr’s maximum radius
of gyration. As a result, healthy compliant tissue will not be engaged by the diamond
crystals 232 beyond its elastic limit, thereby preserving differential cutting. Differential
cutting refers to a process whereby diseased tissue having inelastic properties is

differentially removed while healthy tissue, which is elastic, is spared.

EXPERIMENTAL SECTION
[0088] Several burr designs were tested to see how the particular designs affected fluid
flow past the burr. The tested designs are designated in the data below as Fluted
(corresponding to Figure 7), Scallop (corresponding to Figure 3) and Through Hole
(corresponding to Figure 2). A production burr lacking any blow flow enhancement

features was included as a control.

[0089] To perform the testing, burr blanks were loaded onto a production equivalent

0.009 section of ROTAWIRE DRIVE and this subassembly was loaded into a clear HDPE
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tube with a 1.75 mm ID in a near straight configuration. The tube had a slight memory
from being on spool and was flooded with red food coloring dyed DI water. Tubing was
placed into a 6F compatible Hemostasis valve with Y-luer adapter port such that the
proximal end of the tubing was just distal to the point in the hemostasis valve where the
‘y’ connects. The entry point on the hemostasis valve was closed and the ‘y’ port was
connected to a 1L bag of DI water and food coloring that was pressurized to 200 £ 25
mmHg via pressure cuff, which was monitored and repressured at the start and during each
test. The distal end of the tube was place over a collection beaker that had been wet
weighed with the DI/food coloring mix. The pressurized bag was open as a timer was

started. The burrs were not separately driven into rotation during testing.

[0090] Fluid was collected in a beaker for roughly 30 seconds (within a margin of error
for a human to close the I'V line connecting the bag to the hemostasis valve. The fluid was
weighed using a scale calibrated to + 0.5g by weighing the beaker plus fluid and subtracting
the weight of the empty beaker, where the empty beaker weighed 14.5 grams (g). Because
water has a density of 1 g/ml, the net mass flow amounts listed below can also be

considered as volumes, measured in milliliters (ml). The experimental data is shown below

in Table One. The net mass data is graphically represented in FIG. 11.
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Control Fluted Scallop Through Hole
Run | Gross Net Gross Net Gross Net Gross | Net
# | Weight | Weight | Weight | Weight | Weight | Weight | Weight | Weight
(2 (2 (2 Net (g) (2 (2 ® |
1 64 495 84.5 70 75 60.5 59.5 45
2 68.5 54 98 83.5 73 58.5 76 61.5
3 86 74.5 134 119.5 74 59.5 66.5 52
4 82.5 68 138.5 124 71.5 57 111.5 97
5 88 73.5 69 54.5 73.5 59 91.5 77
Table One
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[0091] Several observations were made during testing. There was considerable
variation between runs for the Fluted burr. For the runs with a higher flow amount (runs
2, 3 and 4), the flow of fluid through the tube caused the Fluted burr to begin rotating. The
Fluted burr rotated at an estimated rotation speed of 5 to 10 revolutions per second. As the
Fluted burr rotated, the design of the Fluted burr caused a pumping effect, further
increasing fluid flow past the burr. For the runs with a lower flow amount (runs 1 and 5),
the Fluted burr did not spin, as apparently there was sufficient friction between the Fluted

burr and the side of the tubing (due to a small curve in the tubing) that prevented rotation.

[0092] With respect to the Scallop burr, regardless of how the Scallop burr was
originally oriented within the tubing, as soon as flow began, the burr seemed to rotate to
be on the inside of the slight curve in the tubing. This may have impacted the flow results

for the Scallop burr.

[0093] For the Through Hole burr, an air pocket seems to have formed when pre-
flooding the tube prior to collecting fluid. One possibility is that the fluid goes around the
outside of the burr first, which doesn’t allow any air trapped within the through holes to

escape.

[0094] It should be understood that this disclosure is, in many respects, only
illustrative. Changes may be made in details, particularly in matters of shape, size, and
arrangement of steps without exceeding the scope of the disclosure. This may include, to
the extent that it is appropriate, the use of any of the features of one example embodiment
being used in other embodiments. The invention's scope is, of course, defined in the

language in which the appended claims are expressed.

20



WO 2022/094228 PCT/US2021/057279

What is claimed is:

1. An atherectomy system, comprising:

an atherectomy burr including one or more blood flow enhancement features that
permit an increased level of blood flow past the burr relative to a blood flow that would
result absent the one or more flow enhancement features, the atherectomy burr including a
burr body and an outer surface; and

a drive mechanism adapted to rotatably actuate the atherectomy burr.

2. The atherectomy system of claim 1, wherein an outer surface of the

atherectomy burr comprises an abrasive material.

3. The atherectomy system of any one of claims 1 or 2, wherein the one or
more blood flow enhancement features comprise blood flow grooves formed within the

outer surface of the atherectomy burr.

4. The atherectomy system of any one of claims 1 or 2, wherein the one or
more blood flow enhancement features comprise a single asymmetric cut within the burr

body.

5. The atherectomy system of claim 3, wherein the blood flow grooves
comprise a plurality of symmetrically arranged blood flow grooves extending axially along

a length of the burr body.

6. The atherectomy system of claim 3, wherein the blood flow grooves
comprise one or more blood flow grooves extending spirally along a length of the burr

body.
7. The atherectomy system of any one of claims 1 or 2, wherein the one or

more blood flow enhancement features comprise one or more blood flow channels that pass

through an interior of the burr body.
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8. The atherectomy system of claim 7, wherein at least one of the one or more
blood flow channels extend axially through and/or radially into the interior of the burr

body.

9. An atherectomy burr adapted for use in a rotational atherectomy system, the
atherectomy burr comprising:

an atherectomy burr body extending from a distal region to a proximal region
thereof, the proximal region adapted to be secured relative to a drive cable of a rotational
atherectomy system;

the atherectomy burr body defining an outer surface; and

one or more blood flow enhancement features adapted to increase blood flow past

the burr.

10.  The atherectomy burr of claim 9, wherein the one or more blood flow
enhancement features comprise two or more blood flow channels that are asymmetrically

arranged about the outer surface of the atherectomy burr.

11.  The atherectomy burr of claim 9, wherein the one or more flow
enhancement features are adapted to provide preferential cutting of inelastic material

relative to elastic material.
12.  The atherectomy burr of claim 9, wherein the one or more blood flow
enhancement features comprise a flow channel formed within the outer surface of the

atherectomy burr, where the flow channel includes a chamfered leading edge.

13.  The atherectomy burr of claim 12, wherein the flow channel comprises a

semi-spiral channel.
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14.  The atherectomy burr of claim 12, wherein the flow channel comprises a
straight flow channel arranged at an angle with respect to a longitudinal axis of the

atherectomy burr.

15. An atherectomy burr adapted for use in a rotational atherectomy system, the
atherectomy burr comprising:

an atherectomy burr body extending from a distal region to a proximal region
thereof, the proximal region adapted to be secured relative to a drive cable of a rotational
atherectomy system;

the atherectomy burr body defining an outer surface;

a first blood flow enhancing groove formed in the outer surface and extending at
least a portion of a length of the burr body; and

a second blood flow enhancing groove formed in the outer surface and extending
at least a portion of the length of the burr body, the second blood flow enhancing groove

spaced about 180 degrees circumferentially from the first blood flow enhancing groove.
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