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TISSUE SAMPLE CORING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The present application claims priority to U.S. Provisional Patent Application
No. 62/751,187, titled “TISSUE CORING MULTISAMPLER DEVICE,” filed October 26,

2018, the disclosure of which is hereby incorporated by reference in its entirety.

STATEMENT OF FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

[0002] This present technology was made with government support under R33
CA191135, R01 DK103849, and R21 GM 111439 awarded by National Institutes of Health. The

government has certain rights in the invention.

TECHNICAL FIELD

[0003] The present technology generally relates to systems and methods for obtaining

tissue samples by coring cryogenic tissues.

BACKGROUND

[0004] Histological and molecular intra-tissue heterogeneity is present in virtually every
disease, including cancer and organ injury. This heterogeneity is thought to account for many
therapeutic failures (particularly in cancer), and is shifting the paradigm that multiple, as opposed
to single, biopsies are needed to optimize personalized medical care. There are powerful high
throughput pre-analytical sample preparation and analytical platforms to study intracellular
processes and their alterations in tissues, including molecular intratissue heterogeneity in cancer
and organ injury. Freezing or paraffin embedding of formalin fixed tissues (FFPE) is a common
way to preserve and store samples for analysis (e.g. surgical specimens for pathologist

evaluation).

[0005] Advances in high throughput (HT) sample preparation and analytical technologies
are providing opportunities to study intra-tissue heterogeneity, leading to discoveries of disease
biomarkers. Such HT platforms that analyze multiple sections within a tissue have not been
fully utilized due to relatively slow and tedious sampling of frozen and FFPE tissues, currently
obtained by using a scalpel, microtome, laser capture microdissection, or by crushing frozen

samples with hammer-like tools. Tissue biopsies are among the most common medical
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procedures used to establish diagnosis. Historically, tissue biopsies were primarily used for
histology. More recently, with increasing understanding of molecular basis of disease, tissue
samples are being used in personalized medicine where treatments are based on discoveries of

molecular biomarkers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Many aspects of the present technology can be better understood with reference to
the following drawings. The components in the drawings are not necessarily drawn to scale.
Instead, emphasis is placed on illustrating clearly the principles of the present technology.
Furthermore, components can be shown as transparent in certain views for clarity of illustration
only and not to indicate that the component is necessarily transparent. Components may also be

shown schematically.

[0007] Figure 1 is a perspective view of a tissue sample coring device configured in

accordance with an embodiment of the present technology.

[0008] Figure 2 is a right side elevation view of the tissue sample coring device of
Figure 1.
[0009] Figure 3A is an enlarged detail view of the trigger area of the tissue sample coring

device of Figure 1, taken at the boundary shown in Figure 2.

[0010] Figure 3B is an enlarged detail view of the trigger slots of the tissue sample coring

device of Figure 1, taken at the boundary shown in Figure 3A with the trigger body hidden.

[0011] Figure 4 is an enlarged detail view of the drill bit of the tissue sample coring device

of Figure 1.
DETAILED DESCRIPTION

A. Overview

[0012] The present technology is directed to a tissue sample coring system having a tissue
sample core extractor. The tissue sample coring device is configured to remove a substantially
cylindrical portion of a tissue sample (a “core”) from a cryogenically frozen block of fresh tissue
for molecular and/or histology testing, among other uses. Under certain testing protocols, it is

necessary to maintain the cores in a frozen state to preserve the normal and/or diseased cells,
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preventing the cells from changing state during preparation, transportation, and/or storage of the

samples.

[0013] To obtain a core, a motor of the tissue sample core extractor (“coring tool™) is
energized to rotate a miniature coring drill bit configured to separate the core from the frozen
tissue block in a cryogenic container. The coring drill bit can have any suitable diameter and
may include a shoulder configured to provide a physical obstruction for the coring drill bit at a
desired depth into the block. The rotating coring drill bit is driven into the frozen tissue at a
desired depth and/or until the tissue reaches the shoulder, filling the bore of the coring drill bit
with the frozen tissue core. The coring drill bit is removed from the block to extract the core

and the motor is stopped.

[0014] After the coring drill bit is removed from the tissue block, a dual-stage trigger is
actuated through a first stage to clamp tubing around holes in the shank of the coring drill bit.
Before actuation of the trigger through a second stage, the coring tool is primed or flushed with
buffered fluid, e.g., a phosphate buffer saline (PBF). As the trigger is actuated through the
second stage, a jet of PBF flows through the holes to apply pressure to eject the extracted core
from the coring drill bit. In other embodiments, the trigger can eject the core with a single-stage
actuation, e.g., in embodiments where the tubing is positioned to continually surround the holes

of the shank of the coring drill bit. The core may be ejected for testing.

[0015] Coring tools configured in accordance with the present technology may be
configured to provide cores for studies involving high throughput analytical applications in
multiple organs and tumors (e.g., genomics, epigenetics, transcriptomics, proteomics,
metabolomics, etc.). Such studies generally identify disease tissue biomarkers for personalized
medicine. In this regard, embodiments of the present technology provide a multisampling-
capable coring tool that can be used in clinical settings, e.g., in resected tumors where intratumor

genomic and epigenetic heterogeneity is expected to guide personalized treatment.

[0016] The coring tools described herein are configured to extract cores from frozen
tissues in a specified size, e.g., cores from 1-2 mm long and about 1mm in diameter. However,
other lengths and diameters are within the scope of the present technology. Among other tissues,
the coring tool is configured to extract cores from frozen brain, heart, kidney, liver, lung, and
muscle tissue. Cores extracted from organs can be processed in a high throughput (HT) pre-
analytical sample preparation instrument to shear chromatin and isolate ribonucleic acid (RNA),

deoxyribonucleic acid (DNA), and protein.
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B. Selected Embodiments of a Tissue Sample Coring Device

[0017] Embodiments of the tissue sample coring device are configured to extract and eject
a core tissue specimen in the form of a core, and generally include a coring drill bit rotatable by
a motor, a trigger assembly 120 having a fluid pump, and a fluid source. In some embodiments,
the rotation of the coring drill is initiated by a switch (e.g., a button) on the drill body or
integrated with the trigger assembly 120. In embodiments having dual-stage triggers, pulling or
actuating the trigger assembly 120 through a first stage engages a tube clamping mechanism,
which creates a seal around a portion of the coring drill where fluid may be introduced to an
anterior area of the core portion of the drill bit behind the core. When the trigger is further
actuated through the second stage, the trigger depresses a plunger which pumps fluid into the
anterior area of the coring drill bit. The fluid pressure is applied to the core to eject the core
from the coring drill bit. In other embodiments, the trigger includes an additional stage or button
to initiate the rotation of the coring drill. In further embodiments, the tube clamping mechanism
may be omitted such that the tube provides a continuous pathway for fluid to flow into the

anterior area of the drill bit.

[0018] Figure 1 is a perspective view and Figure 2 is a right side elevation view of a tissue
sample coring tool or coring device 100 configured in accordance with an embodiment of the
present technology. Referring to Figures 1 and 2 together, the coring tool 100 generally includes
an outer body 112 to protect and encase the components of the coring tool 100. The outer body
112 may include two or more portions (e.g., two halves in a clamshell-type configuration) to
surround, position, and protect the components of the coring tool 100, and to provide surfaces to
ergonomically interact with the user, such as a handle 110 where a user may grasp the coring
tool 100 to position, operate, and manipulate the coring tool 100. For purposes of illustration,
the coring tool 100 is shown partially disassembled in Figures 1 and 2 with a portion of the outer
body 112 removed to expose the internal components. The outer body 112 may be formed from
plastic (e.g., acrylonitrile butadiene styrene (ABS)), metal, or any other suitable material to

encase the components of the coring tool 100.

[0019] The coring tool 100 has various components configured for user interface during
operation of the coring tool 100 to extract a core (not shown). For example, the coring tool 100
may include a trigger assembly 120 having a trigger plate 121 and an actuator 130. The trigger
plate 121 projects from and is slidably associated with the outer body 112 and is configured to

travel between various positions based on manipulation by the user, e.g., by applying a rearward
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pressure to a surface of the trigger plate 121 with one or more fingers. As best seen in Figure 2,
the trigger plate 121 may include an arcuate engaging surface 122 configured to interface with
a complementary arcuate surface of an actuator 130 projecting from the handle 110. The arcuate
engaging surface 122 maintains contact with the actuator 130 during translation and rotation of
the trigger plate 121 as the trigger assembly 120 is actuated through the stages, which will be

described in greater detail below.

[0020] Referring back to Figures 1 and 2 together, the actuator 130 may include a spring
132 to provide a restorative force against the actuator 130 to return the actuator 130 to an initial
position (e.g., the illustrated position in Figures 1 and 2), where the actuator 130 is ready for
subsequent actuation by the trigger plate 121. The actuator 130 may be configured to cycle a
pump 134 to pressurize and flow PBF through the coring tool 100 to eject the core after
extraction. The PBF may be stored internal to the outer body 112, such as in a container 142
generally having a cylinder and plunger configuration (e.g., a syringe). To prime the coring tool
100, the container 142 may include a plunger 144 configured to transfer the PBF from the
container 142 through a first one-way check valve 146 and into a chamber 152 (see Figure 2)
such that the PBF can be further pressurized by the pump 134 for delivery to the core. In some
embodiments, the first one-way check valve 146 prevents backflow of the PBF into the container
142. The actuator 130 may be a polytetrafluoroethylene (PTFE) rod or any other suitable
material providing a sufficiently low friction coefficient, corrosion resistance, and a water-tight

seal, among other features.

[0021] The pump 134 and the container 142 are fluidly coupled to the chamber 152 where
pressurization from the pump 134 causes the PBF to flow through the coring tool 100. In
particular, the pump 134 is fluidly coupled to the chamber 152 through a first duct 154 and the
container 142 is fluidly coupled to the chamber 152 through a second duct 156. As the pump
134 is cycled by the trigger plate 121 through the actuator 130, fluid or air from the pump 134
is routed to the chamber 152, pressurizing the chamber 152. The pressurization of the chamber
152 causes PBF to flow through a second one-way check valve 158 and into a primary fluid duct
150. When pressure on the actuator 130 is released, the pump 134 or a void in the chamber 152
may cause a vacuum to pull additional PBF from the container 142 through the first one-way

check valve 146 for the next trigger cycle.

[0022] During operation, the coring tool 100 extracts a core using a drill assembly, which

generally includes a drill head 166 configured to removably couple or clamp around a drill bit
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190 positioned therein. The motor 162 is configured to rotate the drill assembly. The drill head
166 may include any suitable chuck or collet configuration for clamping the drill bit 190, such
as a chuck rotationally tightened with a chuck key, a hand-tightened chuck or collet, etc. In
embodiments of the drill head 166 having a rotationally tightened chuck, a rotation lock button
164 may be positioned on the coring tool 100 to stop the free rotation of the drill head 166, such
that the chuck can be loosened to release the drill bit 190 or tightened to clamp around the drill
bit 190. In the illustrated embodiment, the drill head 166 is positioned inset from the outer body
112 such that the rotating portion of the drill head 166 is not protruding from the outer body 112
but can still be accessed by the user to manipulate the chuck. Such configurations are expected
to be beneficial in a lab environment, where work clothing and other items may become stuck
within a protruding rotating drill head. In other embodiments, however, the drill head 166 may

be at least partially protruding from the outer body 112.

[0023] As best seen in Figure 2, the drill assembly may further include a motor 162 driven
by a power supply 160 electrically coupled to the motor 162 (electrical wires are not shown for
clarity). The power supply 160 may be an onboard battery, such as a battery 160 shown in
Figures 1 and 2, or can be an external power source or external battery to provide power to the
motor 162. The power supply 160 may be switched by an electrical switch 168 located on the
outer body 112 of the coring tool 100. In some embodiments, the electrical switch 168 is
momentary, where pressure must be maintained on the electrical switch 168 by the user to
continue power supply to the motor 162. In other embodiments, the electrical switch 168 can be
a toggle switch or any other suitable switch to selectively couple the power supply 160 and the
motor 162. In further embodiments, the electrical switch 168 is integrated into the trigger plate

121, or external to the coring tool 100, such as a foot-actuated switch, etc.

[0024] As noted previously, the coring tool 100 includes the dual stage trigger assembly
120. Figure 3A, for example, is an enlarged detail view of the trigger assembly 120 region of
the coring tool 100 taken along the boundary shown in Figure 2, and Figure 3B is an enlarged
detail view taken at the boundary shown in Figure 3A (and with the trigger body 124 hidden).
Referring first to Figure 3A, the trigger plate 121 protrudes from a trigger body 124 that is
slidingly and rotatably associated with the outer body 112. The trigger body 124 includes a first
pin 126 and a second pin 128 configured to interface with first and second slots 136 and 138,
respectively, positioned within the outer body 112, or positioned on a separate plate attached to
the outer body 112. Referring to Figures 3A and 3B together, the first slot 136 has a linear slot
portion between a first position 136a and a second position 136b, along which the first pin 126
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travels during the first stage of actuation of the trigger assembly 120, e.g., a linear pull of the
trigger plate 121. The first and second pins 126 and 128 may include bearings to decrease

friction during travel through the first and second slots 136 and 138, respectively.

[0025] The second slot 138 is a linear slot having a first position 138a and a second
position 138b between which the second pin 128 travels during the first stage of actuation of the
trigger assembly 120. The slot profile at the first positions 136a and 138a and the second
positions 136b and 138b may be contoured to correspond to the shape of the first pin 126, which
is shown in a circular configuration. In other embodiments, the slots 136 and 138 and the pins
126 and 128 are any suitable shape. When the trigger assembly 120 is in its initial position, the
first and second pins 126 and 128 are aligned with the first positions 136a and 138a, respectively,
and as the trigger assembly 120 is actuated through the first stage, the first and second pins 126
and 128 travel along the linear portions of the first and second slots 136 and 138 until the first
and second pins 126 and 128 reach the second positions 136b and 138b, respectively.

[0026] At the end of the first stage of the trigger assembly 120, the first and second pins
126 and 128 are located in the second positions 136b and 138b, respectively, where rearward
travel of the trigger assembly 120 is stopped. In this regard, the end of at least the second slot
138 at the second position 138b abuts the second pin 128 to stop the trigger assembly 120 from
further linear movement. As the trigger plate 121 is further actuated from this position, the
second stage of the trigger assembly 120 is initiated. To guide the trigger plate 121 along the
second stage, the first slot 136 additionally includes an arcuate portion between the second
position 136b and a third position 136¢, along which the first pin 126 travels during the second
stage of actuation of the trigger assembly 120. The arcuate portion of the first slot 136 is
generally shaped as a circumferential path from the second position 136b to the third position
136¢ about a pivot point of the second position 138b of the second slot 138. During actuation
through the second stage of the trigger assembly 120, the first pin 126 travels along the arcuate
portion of the first slot 136 from the second position 136b to the third position 136c, rotating
about the second pin 128 in the second position 138b of the second slot 138.

[0027] During actuation of the trigger assembly 120 near the end of the first stage, or the
beginning of the second stage, the arcuate engagement surface 122 contacts the complementary
arcuate surface of the actuator 130 and begins to depress the actuator 130 to cycle the pump 134.
As the trigger assembly 120 is actuated further through the second stage, the actuator 130 is fully
depressed and cycles the pump 134 to flow PBF through the primary fluid duct 150, positioned
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radially outward from the drill bit 190, and eject the core. Upon release of the trigger assembly
120, a spring 174, coupled to the trigger body 124 through a link 176, applies a force to reverse
the travel of the first and second pins 126 and 128 within the first and second slots 136 and 138,
respectively, first rotating the trigger assembly 120 such that the first pin 126 travels from the
third position 136¢ to the second position 136b, then translating the trigger assembly 120 such
that the first and second pins 126 and 128 travel from the second positions 136b and 138b, to the
first positions 136a and 138a, respectively, where trigger assembly 120 is ready for further

actuations.

[0028] Returning to Figures 1 and 2, the linear translation during actuation through the
first stage of the trigger assembly 120 pulls on a cable 171 attached to the trigger body 124
through a distribution block 172, the spring 174, and the link 176. One or more cables 171 may
be coupled to the trigger body 124 through the distribution block 172, which is also configured
to adjust the length of the cable 171. The cable 171 is routed through a protective tube 170,
which allows the routing path of the cable 171 to change direction, such as a directional change
of about 90°, as shown most clearly in Figure 2. The cable 171 may be any suitable material,

e.g., nylon cord, metal wire, etc.

[0029] The end of the cable 171 opposite the distribution block 172 is coupled to an upper
jaw 182 and a lower jaw 184 positioned on either side of (e.g., diametrically opposed) and
adjacent to the drill bit 190 near the drill head 166. The primary fluid duct 150 has a proximal
end 186 extending through and carried by the upper jaw 182 toward the drill bit 190. The lower
jaw 184 may also have a blind duct portion 188 extending through and carried by the lower jaw

184 toward the drill bit 190.

[0030] During actuation through the first stage of the trigger assembly 120, the cable 171
is pulled in a direction toward the trigger body 124, which draws the upper jaw 182 and lower
jaw 184 together around the drill bit 190, such that the movable proximal end 186 of the primary
fluid duct 150 and the movable duct portion 188, which are initially spaced apart from the drill
bit 190, clamp together around the drill bit 190 to create a fluid-tight seal. Each of the proximal
end 186 and duct portion 188 may be shaped to correspond to the shape of the drill bit 190. In
some embodiments, the proximal end 186 and the duct portion 188 are comprised of any suitable
flexible, noncorrosive tubing configured to create the fluid-tight seal, such as silicone tubing.
The seal is created prior to the actuation of the trigger assembly 120 through the second stage

where the PBF is pumped by the pump 134 through the primary fluid duct 150 to the drill bit
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190. During actuation of the trigger assembly 120 through the second stage, the spring 174
elongates, which allows the trigger plate 121 to continue to travel through the second stage

without further movement of the cable 171 or upper and lower jaws 182 and 184.

[0031] Features of the drill bit 190 will now be described in detail with reference to
Figure 4. The drill bit 190 is configured to rotate (while clamped by the drill head 166—
Figure 2) and cut the core from the frozen tissue block (not shown). The drill bit 190 may include
a hollow coring head 192, a shoulder 194, a central passageway 196, and one or more fluid ports
198 extending radially from the central passageway 196 through the drill bit 190. The coring
head 192 may be serrated and/or include one or more teeth 193 to cut the material around the
core in the frozen tissue block and retain the core therein. As noted above, the shoulder 194 is
configured to provide a physical obstruction for the drill bit 190 at a desired depth into the frozen
tissue block to prevent the coring head 192 from entering the tissue sample to a depth farther

than the depth of the shoulder 194,

[0032] Referring to Figures 1, 2, and 4 together, when the drill bit 190 is positioned in the
drill head 166, the fluid ports 198 are generally aligned with the proximal end 186 of the primary
fluid duct 150 and the duct portion 188 between the upper and lower jaws 182 and 184. In some
embodiments, the drill bit 190 is comprised of any suitable metal, such as stainless steel,
titanium, tungsten, etc., to provide durability and corrosion resistance. As the fluid-tight seal is
created around the drill bit 190 near the end of the first stage of trigger actuation, a fluid
connection is made between the primary fluid duct 150 (Figure 2) and the central passageway
196 of the drill bit 190 through the fluid ports 198. The fluid connection between the primary
fluid duct 150 and the central passageway 196 is maintained during the actuation of the trigger
assembly 120 through the second stage, where the PBF flows through the proximal end 186 of
the primary fluid duct 150, through the fluid ports 198, and into the central passageway 196.
The duct portion 188 is configured with a blind to prevent PBF flow from exiting a fluid port
198. The central passageway 196 is configured to direct the PBF to a distal side of the core
positioned within the central passageway 196 at the coring head 192. The pressure of the PBF
created by the pump 134 applies a force to the distal side of the core, causing the core to eject

from the drill bit 190.

[0033] Upon release of the trigger assembly 120, the flow of PBF to the drill bit 190 is
stopped and the upper and lower jaws 182 and 184 retract to pull the proximal end 186 and the
duct portion 188 away from the drill bit 190. The retraction of the upper and lower jaws 182
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and 184 may be assisted by one or more springs 189 (Figure 1). As noted above, in other
embodiments, the upper and lower jaws 182 and 184 may be stationary such that the tubes
provide a continuous pathway for fluid to flow into the anterior area of the drill bit 190. In such
embodiments, the proximal end 186 and the duct portion 188 are configured to withstand the

friction created during the spinning of the drill bit 190.

[0034] In other embodiments, the coring tool 100 uses a gas in place of the PBF to eject
the core. In these embodiments, the actuator 130 may be configured to pressurize the gas,
similarly to the pumping system described above, or the actuator 130 may be configured to
throttle a pressurized gas from a supply, such as a compressed gas source. Similar components
of the coring tool 100 may be adapted to be used with gas, such as the size, shape, and/or material
of the ducts, check valves, chamber, upper and lower jaws, etc. In further embodiments,
additional features may be added to the coring tool 100, such as a barcode reader (not shown)
configured to receive identifying information regarding the tissue sample to aid the user in

extraction of the core from frozen tissue sample blocks.

C. Additional Examples

[0035] Several aspects of the present technology are set forth in the following examples.

1. A tissue sample core extractor, comprising:

a drill head configured to be rotated by a motor;

a drill bit removably couplable to the drill head and having a hollow coring head
configured to separate a core from a tissue sample and retain the core therein, the
drill bit having a central passageway fluidly coupling the hollow coring head to
a port extending radially from the central passageway through the drill bit;

a tube positioned radially outward from the drill bit and aligned with the port, wherein
the tube is movable to selectively abut the drill bit to create a fluid seal between
the tube and the port; and

apump fluidly coupled to the tube to cause a fluid to flow through the tube and pressurize

the central passageway to eject the core.
2. The tissue sample core extractor of example 1, further comprising an outer body

positioned at least partially around the drill head, the drill bit, the tube, and the pump, wherein

the outer body includes a handle configured to be grasped by a hand of a user.

-10-
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3. The tissue sample core extractor of examples 1 or 2, further comprising a trigger
protruding from the outer body and movable to depress an actuator configured to cycle the pump

and cause the fluid to flow through the tube.

4. The tissue sample core extractor of example 3 wherein the trigger is movable
through (a) a first stage defined by a movement of the trigger causing the tube to abut the drill
bit and create the fluid seal between the tube and the port, and (b) a second stage defined by a

movement of the trigger causing the actuator to cycle the pump.

5. The tissue sample core extractor of any of examples 3 and 4 wherein:

the trigger further comprises a first pin configured to travel in a first slot and a second
pin configured to travel in a second slot,

the first slot has a linear portion corresponding to the first stage of the trigger and an
arcuate portion corresponding to the second stage of the trigger, and

the second slot 1s linear.

6. The tissue sample core extractor of any of examples 3—5 wherein:

movement of the trigger through the first stage pulls a cable coupling the trigger to a first
jaw carrying an end of the tube adjacent to the drill bit, and

movement of the trigger through the second stage elongates a spring positioned between
the trigger and the first jaw, such that the movement of the trigger through the

second stage does not cause further movement of the first jaw.

7. The tissue sample core extractor of any of examples 1-6 wherein the drill bit
further comprises a second port extending radially from the central passageway through the drill

bit opposite the port.

8. The tissue sample core extractor of any of examples 3—7, further comprising a
blind tube positioned diametrically opposed to the tube and carried by a second jaw, wherein
movement of the trigger through the first stage causes the first jaw and second jaw to move
toward the drill bit and create a fluid seal around the drill bit such that at least one of the ports

of the drill bit is in fluid communication with the tube at any rotational position of the drill bit.

-11-
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9. The tissue sample core extractor of any of examples 1-8 wherein the fluid is a

buffered liquid or a compressed gas.

10. The tissue sample core extractor of any of examples 1-9, further comprising a

fluid container having a plunger to supply the fluid to the tube.

11.  The tissue sample core extractor of any of examples 1-10, further comprising a
chamber fluidly coupled to the pump, the fluid container, and the tube, the chamber configured

to retain a portion of the fluid from the fluid container and pressurize by cycling of the pump.

12. The tissue sample core extractor of any of examples 1-11 wherein the drill bit
has a shoulder positioned near the coring head and configured to prevent the coring head from

entering the tissue sample further than depth of the shoulder.

13. A device for extracting a tissue sample core, comprising:

an outer body;

a drill head positioned within the outer body and rotatable by a motor;

a drill bit extending from the outer body and removably couplable to the drill head, the
drill bit having a hollow coring head configured to separate a core from a tissue
sample and retain the core therein, the drill bit having a central passageway
fluidly coupling the hollow coring head to a first port extending radially from the
central passageway through the drill bit;

a tube having an end positioned radially outward from the drill bit and aligned with the
port, wherein the tube is movable by a trigger slidably associated with the outer
body from (a) a first position at which the end of the tube is spaced apart from
the drill bit, to (b) a second position at which the end of the tube abuts the drill
bit to create a fluid seal between the tube and the first port; and

a pump fluidly coupled to the tube to cause a fluid to flow through the tube in the second

position and pressurize the central passageway to eject the core.

14. The device of example 13 wherein the outer body further comprises a handle

configured to be grasped by a hand of a user.
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15. The device of examples 13 or 14 wherein the trigger is rotatably associated with
the outer body from the second position to a third position, and wherein rotation of the trigger to
the third position depresses an actuator configured to cycle the pump and cause the fluid to flow

through the tube.

16. The device of any of examples 13—15 wherein the trigger comprises a first stage
and a subsequent second stage, the first stage defined by sliding movement of the trigger causing
the end of the tube to abut the drill bit and create the fluid seal between the tube and the first
port, and wherein the second stage is defined by rotational movement of the trigger causing the

actuator to cycle the pump.

17.  The device of any of examples 13-16 wherein:

the trigger further comprises a first pin configured to travel in a first slot of the outer
body and a second pin configured to travel in a second slot of the outer body,

the first slot has a linear portion corresponding to the first stage of the trigger and an
arcuate portion corresponding to the second stage of the trigger, and

the second slot 1s linear.

18. The device of any of examples 13-17 wherein:

movement of the trigger through the first stage pulls a cable that couples the trigger to a
first jaw carrying the end of the tube, and

movement of the trigger through the second stage elongates a spring positioned between
the trigger and the first jaw, such that the movement of the trigger through the

second stage does not cause further movement of the first jaw.

19. The device of any of examples 13—18 wherein the drill bit further comprises a
second port extending radially from the central passageway through the drill bit opposite the first
port.

20. The device of any of examples 13-19, further comprising a blind tube positioned

diametrically opposed to the tube and carried by a second jaw, wherein the movement of the

trigger through the first stage causes the first jaw and second jaw to move toward the drill bit
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and create a fluid seal around the drill bit such that at least one of the first and second ports of

the drill bit is in fluid communication with the tube at any rotational position of the drill bit.

21.  The device of any of examples 13-20 wherein the fluid is a buffered liquid or a

compressed gas.

22. The device of any of examples 13-21, further comprising:
a fluid container having a plunger to supply the fluid to the tube; and/or
a barcode reader configured to receive identifying information related to the tissue

sample.

23.  The device of any of examples 13-22, further comprising a chamber fluidly
coupled to the pump, the fluid container, and the tube, the chamber configured to retain a portion

of the fluid from the fluid container and pressurize by cycling of the pump.

24, The device of any of examples 13-23 wherein the drill bit has a shoulder
positioned near the coring head and configured to prevent the coring head from entering the

tissue sample further than depth of the shoulder.

D. Conclusion

[0036] The above detailed descriptions of embodiments of the technology are not intended
to be exhaustive or to limit the technology to the precise form disclosed above. Although specific
embodiments of, and examples for, the technology are described above for illustrative purposes,
various equivalent modifications are possible within the scope of the technology, as those skilled
in the relevant art will recognize. For example, while steps are presented in a given order,
alternative embodiments may perform steps in a different order. Moreover, the various
embodiments described herein may also be combined to provide further embodiments.

Reference herein to "one embodiment," "an embodiment," or similar formulations means that a
particular feature, structure, operation, or characteristic described in connection with the
embodiment can be included in at least one embodiment of the present technology. Thus, the
appearances of such phrases or formulations herein are not necessarily all referring to the same

embodiment.
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[0037] For ease of reference, identical reference numbers are used to identify similar or
analogous components or features throughout this disclosure, but the use of the same reference
number does not imply that the features should be construed to be identical. Indeed, in many
examples described herein, identically numbered features have a plurality of embodiments that
are distinct in structure and/or function from each other. Furthermore, the same shading may be
used to indicate materials in cross section that can be compositionally similar, but the use of the
same shading does not imply that the materials should be construed to be identical unless

specifically noted herein.

[0038] Moreover, unless the word "or" is expressly limited to mean only a single item
exclusive from the other items in reference to a list of two or more items, then the use of "or" in
such a list is to be interpreted as including (a) any single item in the list, (b) all of the items in
the list, or (c) any combination of the items in the list. Where the context permits, singular or
plural terms may also include the plural or singular term, respectively. As used herein, with
respect to measurements, “about” means +/- 5%. Additionally, the term "comprising" is used
throughout to mean including at least the recited feature(s) such that any greater number of the
same feature and/or additional types of other features are not precluded. Directional terms, such
as "upper," "lower," "front," "back," "vertical," and "horizontal," may be used herein to express
and clarify the relationship between various elements. It should be understood that such terms
do not denote absolute orientation. Further, while advantages associated with certain
embodiments of the technology have been described in the context of those embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need necessarily
exhibit such advantages to fall within the scope of the technology. Accordingly, the disclosure
and associated technology can encompass other embodiments not expressly shown or described

herein.
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CLAIMS

I/'We claim:

1. A tissue sample core extractor, comprising:

a drill head configured to be rotated by a motor;

a drill bit removably couplable to the drill head and having a hollow coring head
configured to separate a core from a tissue sample and retain the core therein, the
drill bit having a central passageway fluidly coupling the hollow coring head to
a port extending radially from the central passageway through the drill bit;

a tube positioned radially outward from the drill bit and aligned with the port, wherein
the tube is movable to selectively abut the drill bit to create a fluid seal between
the tube and the port; and

apump fluidly coupled to the tube to cause a fluid to flow through the tube and pressurize

the central passageway to eject the core.

2. The tissue sample core extractor of claim 1, further comprising an outer body
positioned at least partially around the drill head, the drill bit, the tube, and the pump, wherein

the outer body includes a handle configured to be grasped by a hand of a user.

3. The tissue sample core extractor of claims 1 or 2, further comprising a trigger
protruding from the outer body and movable to depress an actuator configured to cycle the pump

and cause the fluid to flow through the tube.

4. The tissue sample core extractor of claim 3 wherein the trigger is movable
through (a) a first stage defined by a movement of the trigger causing the tube to abut the drill
bit and create the fluid seal between the tube and the port, and (b) a second stage defined by a

movement of the trigger causing the actuator to cycle the pump.
5. The tissue sample core extractor of any of claims 3 and 4 wherein:

the trigger further comprises a first pin configured to travel in a first slot and a second

pin configured to travel in a second slot,
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the first slot has a linear portion corresponding to the first stage of the trigger and an
arcuate portion corresponding to the second stage of the trigger, and

the second slot 1s linear.

6. The tissue sample core extractor of any of claims 3—5 wherein:

movement of the trigger through the first stage pulls a cable coupling the trigger to a first
jaw carrying an end of the tube adjacent to the drill bit, and

movement of the trigger through the second stage elongates a spring positioned between
the trigger and the first jaw, such that the movement of the trigger through the

second stage does not cause further movement of the first jaw.

7. The tissue sample core extractor of any of claims 1-6 wherein the drill bit further
comprises a second port extending radially from the central passageway through the drill bit

opposite the port.

8. The tissue sample core extractor of any of claims 3-7, further comprising a blind
tube positioned diametrically opposed to the tube and carried by a second jaw, wherein
movement of the trigger through the first stage causes the first jaw and second jaw to move
toward the drill bit and create a fluid seal around the drill bit such that at least one of the ports

of the drill bit is in fluid communication with the tube at any rotational position of the drill bit.

9. The tissue sample core extractor of any of claims 1-8 wherein the fluid is a

buffered liquid or a compressed gas.

10. The tissue sample core extractor of any of claims 1-9, further comprising a fluid

container having a plunger to supply the fluid to the tube.
11.  The tissue sample core extractor of any of claims 1-10, further comprising a

chamber fluidly coupled to the pump, the fluid container, and the tube, the chamber configured

to retain a portion of the fluid from the fluid container and pressurize by cycling of the pump.
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12. The tissue sample core extractor of any of claims 1-11 wherein the drill bit has a
shoulder positioned near the coring head and configured to prevent the coring head from entering

the tissue sample further than depth of the shoulder.

13. A device for extracting a tissue sample core, comprising:

an outer body;

a drill head positioned within the outer body and rotatable by a motor;

a drill bit extending from the outer body and removably couplable to the drill head, the
drill bit having a hollow coring head configured to separate a core from a tissue
sample and retain the core therein, the drill bit having a central passageway
fluidly coupling the hollow coring head to a first port extending radially from the
central passageway through the drill bit;

a tube having an end positioned radially outward from the drill bit and aligned with the
port, wherein the tube is movable by a trigger slidably associated with the outer
body from (a) a first position at which the end of the tube is spaced apart from
the drill bit, to (b) a second position at which the end of the tube abuts the drill
bit to create a fluid seal between the tube and the first port; and

a pump fluidly coupled to the tube to cause a fluid to flow through the tube in the second

position and pressurize the central passageway to eject the core.

14. The device of claim 13 wherein the outer body further comprises a handle

configured to be grasped by a hand of a user.

15. The device of claims 13 or 14 wherein the trigger is rotatably associated with the
outer body from the second position to a third position, and wherein rotation of the trigger to the
third position depresses an actuator configured to cycle the pump and cause the fluid to flow

through the tube.

16. The device of any of claims 13—15 wherein the trigger comprises a first stage and
a subsequent second stage, the first stage defined by sliding movement of the trigger causing the
end of the tube to abut the drill bit and create the fluid seal between the tube and the first port,
and wherein the second stage is defined by rotational movement of the trigger causing the

actuator to cycle the pump.
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17.  The device of any of claims 13-16 wherein:

the trigger further comprises a first pin configured to travel in a first slot of the outer
body and a second pin configured to travel in a second slot of the outer body,

the first slot has a linear portion corresponding to the first stage of the trigger and an
arcuate portion corresponding to the second stage of the trigger, and

the second slot 1s linear.

18.  The device of any of claims 13—17 wherein:

movement of the trigger through the first stage pulls a cable that couples the trigger to a
first jaw carrying the end of the tube, and

movement of the trigger through the second stage elongates a spring positioned between
the trigger and the first jaw, such that the movement of the trigger through the

second stage does not cause further movement of the first jaw.

19.  The device of any of claims 13—18 wherein the drill bit further comprises a second

port extending radially from the central passageway through the drill bit opposite the first port.

20.  The device of any of claims 13-19, further comprising a blind tube positioned
diametrically opposed to the tube and carried by a second jaw, wherein the movement of the
trigger through the first stage causes the first jaw and second jaw to move toward the drill bit
and create a fluid seal around the drill bit such that at least one of the first and second ports of

the drill bit is in fluid communication with the tube at any rotational position of the drill bit.

21.  The device of any of claims 13-20 wherein the fluid is a buffered liquid or a

compressed gas.

22. The device of any of claims 13-21, further comprising:
a fluid container having a plunger to supply the fluid to the tube; and/or
a barcode reader configured to receive identifying information related to the tissue

sample.

-19-



WO 2020/086829 PCT/US2019/057835

23. The device of any of claims 13-22, further comprising a chamber fluidly coupled
to the pump, the fluid container, and the tube, the chamber configured to retain a portion of the

fluid from the fluid container and pressurize by cycling of the pump.
24, The device of any of claims 13-23 wherein the drill bit has a shoulder positioned

near the coring head and configured to prevent the coring head from entering the tissue sample

further than depth of the shoulder.
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