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(54) Title: SPINAL ASPIRATION APPARATUS

FIG: 1

(57) Abstract: A spinal aspiration apparatus 10 is described that includes a needle 1 1 that has a shape suitable for the location of
and penetration through a pedicle pathway of a vertebra 1. The distal end portion of the spinal aspiration apparatus 10 includes a
&> plurality of apertures that are in fluid communication with a lumen 24 of needle 1 1. The size and angular orientation of the apertures
@ are constructed using the principles of fluid mechanics to create separate and distinct harvest volumes of bone marrow 4 within a
body 2 of vertebra 1. A proximal end portion 14 of needle 1 1 includes an external interface 17 that is adapted to provide a fluid
tight coupling with an external source of reduced pressure. A handle 16 is connected to proximal end portion 14 that aids in the

manipulation of needle 1 1.
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SPINAL ASPIRATION APPARATUS

Background of the Invention.

Field of the Invention,

The present disclosure relates to an aspiration apparatus and more specifically to

an aspiration apparatus for spinal applications.

Description of the Related Art.

Bone marrow is often used in orthodpaedic procedures to augment fracture
healing. Itis also an eﬁcellent source of mesenchymal stem cells (MSC’s) and/or tissue
progenitor cells (TPC’s). These multi-potent cells have broad applications in addition to
orthopaedics and may be used in the fields of cardiology, oncology and other areas. As '
new techniques are being developed to use these cells and to culture them ex-vivo it has
become increasingly important to be able to procure large volumes of highly cellular
marrow from the body. '

At present, the pelvis is the source for almost all of the marrow that is used
for mesenchymal stem cells. Obtaining marrow from the pelvis, however, can be difficult
and may present risks to the abdominal cavity, especially when obesity obscures normal
landmarks. Additionally, patierits undergoing lower extremity procedures such as ankle
or tibia fractures often do not have the pelvis readily accessible for sterile bone marrow
access. Asa result; it is desirable to have the flexibility to harvest marrow from
alternative locations.

A further problem is that the aspiration of more than approximately two to
four cubic centimeters of marrow in one area has been shown to result in the subsequent
withdrawal of local “venous blood” as opposed to marrow and therefore significantly
deceases the MSC/TPC count. This requires the frequeht relocating of the needle within
a given access point into the bone in order to avoid overlapping areas that have already
been “tapped out’; of marrow. Each additional relocation, however, creates an additional
risk for the patient.

A The spinal vertebra can also be a source of harrow, but the collection of

marrow from the vertebral body has been complicated by the varying structure of the
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pedicle, the adjacent neural structures and a lack of suitable instruments that can readily
access the vertebral body through the pedicle pathway and aspirate a substantial amount
of bone marrow without multiple relocations. Current aspiration devices that use
traditional needles with a single aperture or multiple parallel radially aligned apertures are
limited in the amount of marrow that can be taken before over harvesting and the drawing
of substantially venous blood. Relocating the needle within the vertebra, even using the
same pedicle pathway, can still result in over harvesting and increases the risk to the
patient.

A specialized apparatus is needed for the harvesting of marrow from a
vertebra that can readily penetrate through the pedicle pathway and has an arrangement of

apertures that are aligned for the harvesting of approximately half of the marrow of a

 vertebra from a single location without relocating the apparatus.

Summary of the Invention.
A spinal aspiration apparatus is disclosed that is adapted for the harvesting of bone

marrow from a vertebra. The spinal aspiration apparatus comprises a needle that includes
a distal end portion and a proximal end portion. The distal end portion includes a
plurality of apertures and the proximal end portion includes an external interface. The
needle defines a lumen that is in fluid communication with the plurality of apertures and
the external interface. The distal end portion and proximal end portion define a central
longitudinal axis. The distal end portion has tubular walls that include a first side, an
opposed second side, a third side and a fourth side. The distal end portion has a distally
directed taper that terminates in a solid tip and is adapted to penetrate through a pedicle
pathway of a vertebra. '

A plurality of apertures is defined in the distal end portion. Each aperture defines an
axis and each axis diverges from the other axes of the plurality of apertures. The size and
the alignment of each aperture defines each harvest zone and the plurality of apertures
defines an array of harvest zones fbr the harvesting of approximately one-half of the bone
marrow from a vertebra from a single location in the vertebra. A handle is connected to
the proximal end portion. The external interface is adapted to provide a fluid tight
coupling with-an external source of reduced pressure.

The first side of the distal end portion includes a plurality of apertures and at least
two apertures of the plurality of apertures draw an approximately equivalent first flow

rate when an external source of reduced pressure is applied through the external interface.
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At least one aperture is defined in the second side and the at least one aperture draws a
second flow rate when the external source of reduced pressure is applied. The second
flow rate is less than the first flow rate. The external source of reduced pressure includes
an‘anti-coagulant. The needle includes a valve that opens and closes the lumen. The
needle includes a visible portion that provides visibility within the needle. The handle is
at least partially transparent and at least provides visibility into the external source of
reduced pressure. Each axis of the at least two apertures defines a separate plane with the
longitudinal axis.

The spinal aspiration apparatus has a first position external to a vertebra and a second
position wherein the distal end portion of the needle is positioned at a predetermined
location in a body of the vertebra. The needle is placed in fluid communication with the
external source of reduced pressure and the plurality of diverging apertures define an
array of harvest zones that differ in flow rate depending upon the location and angular
direction of each aperture on the distal end portion and the predetermined location of the
distal end portion in the vertebral body. '

The external interface includes a second needle that has a proximally directed
penetrating point. The second needle is recessed in a receptacle of the external interface
in the handle. The second needle includes a port that is in fluid communication with the
Jumen of the needle. The receptacle and needle are adapted to interface with a sealed vial
that is a source of reduced pressure. The réceptacle 6f the external interface includes a
retention mechanism that is adapted to selectively retain the vial in position in the
receptacle.and release the vial for removal from the receptacle. |

A method of aspirating a vertebra is described that comprises the steps of providing
an aspiration apparatus that includes a needle that has a distal end portion and a proximal
end portion. The distal end portion has a shape for penetrating through a pedicle
pathway. The proximal end portion includes an external interface. The needle defines a
lumen that is in fluid communication with a plurality of apertures in the distal end portion
and the external interface. The external interface is adapted to provide a fluid tight
coupling with an external source of reduced pressure. A handle is connected to the

proximal end portion. The method includes using the aspiration apparatus for penetrating

- a pedicle pathway in a vertebra and positioning the distal end portion of the needle at a

location in the vertebra. The method also includes introducing an external source of
reduced pressure through the external interface for the harvesting of up to approximately

one-half of the marrow of the vertebra from a single location within the vertebra. Each of

PCT/US2008/010743
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the plurality of apertures has a diverging axis of alignhent from the other apertures in the
plurality of apertures for the defining of separate harvest areas.

The step of introducing further comprises monitoring the quality of the harvested
marrow through a portion of the needle. The method can further comprise controlling the
application of the source of reduced pressure using a valve connected to a lumen of the
needle. The step of using can further comprise finding the pedicle pathway. The step of
introducing can further include drawing approximately one-half of the marrow from the
vertebra using a first pedicle pathway, securing the valve and penetrating a second pedicle
pathway. The step of introducing can include estimating the volume of marrow in one-
half of the vertebra and using markings on the external source of reduced pressure to

preclude the over harvesting of marrow.

Brief Description of the Drawings.

Preferred embodiments of the disclosufe are described below with reference to the
drawings, wherein like numerals are used to refer to the same or similar elements.

Fig. 1 is a proximal and side perspective view of the spinal aspiration apparatus
constructed in accordance with the present disclosure;

Fig. 2 is a close-up perspective view-of a first side and a third side of a distal end -
portion of the spinal aspiration apparatus of Fig. 1,

Fig. 3 is a cross-sectional view of the distal end portion of the spinal aspiration

apparatus of Fig. 2 taken along lines 3 - 3;

F’ig. 4A is a side view of a second embodiment of the spinal aspiration apparatus of
Fig. 1 that includes a bulbous distal end;

Fig. 4B is view of a stylet that can be employed with the spinal aspiration apparatus
of Fig. 4A;

Fig. 5 is a side view of a third embodiment of the spinal aspiration apparatus of Fig. 1
that includes an external interface in a proximal end portion of the spinal aspiration
apparatus, the external interface adapted to receive a vial,

Fig. 6 is a cross-sectional view of the spinal aspiration apparatus of Fig. 5 taken
along lines 6 — 6 that shows the vial partially positioned in a receptacle of the external
interface; ’ '

Fig. 7 is a cross-sectional view of the spinal aspiration apparatus of Fig. 5 taken
along lines 7 — 7 that shows the vial fully emplaced in the receptacle and coupled to a

lumen of the spinal aspiration apparatus;
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Fig. 8 is a top view of a vertebra with a cross-sectional side view of the spinal
aspiration apparatus of Fig. 1 taken along lines 8 — 8 located therein showing a bone
marrow harvesting region in the vertebra;

Fig. 9 is a close-up top view of the vertebra of Fig. 8 and an idealized side view of
the distal end portion of the aspiration apparatus of Fig. 8 showing the bone marrow
harvesting region in the vertebra; ' '

Fig. 10 is a side view of a portion of a vertebral column with a vertebra partially cut
away showing a cross sectional side view of the spinal aspiration apparatus of Fig. |
taken along lines 10 -10 showing the bone marrow harvesting region of the aspiration
apparatus in the vertebra; and

Fig. 11 is a close-up side view of the vertebra partially cut away of Fig. 10 and a
perspective view of an idealized outline of the spinal aspiration apparatus of Fig. 10

showing the harvesting region in the vertebra.

Detailed Description of the Invention.

Referring initially to Fig. 1, a spinal aspiration apparatus 10 includes a needlé 1 1‘ that
extends between a distal end portion 12 and a proximal end portion 14. Distal end
portion 12 includes a tip or distal end 13. Proximal end portion 14 includes a handle 16
and an external interface 17. Distal end portion 12 includes a plurality of apertures that is
in fluid communication with external interface 17. Aspiration apparatus 10 defines a
central longitudinal axis-X that extends along the length of needle 11 between distal end
13 and proximal end portion 14.

Needle 11 has a shaft that extends between the proximal end of distal end portion 12
and external interface 17. In this preferred embodiment, the shaft is straight and has a
cylindrical outer surface. Distal end portion 12 and the shaft of needle 11 can selectively
include markings that indicate the depth of penetration of aspiration apparétus 10. A
reduced diameter neck 15 separates the proximal end of distal end portion 12 and thé
shaft. '

As shown in Fig. 2, distal end portion 12 of needle 11 preferably includes a first side
12a, a second side 12b, a third side 12c and a fourth side 12d (see Figs. 9 and 11). Distal
end portion 12 is preferably a four-sided angular structure that includes a taper to distal
end 13. The angular tapered arcuate shape of distal end portion 12 is similar to that of
pedicle finding instruments. Distal end 13 is a solid terminal end of needle 11 that

includes a tip structured for pedicle finding applications.
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Fjrst side 12a is directed radially inward towards the center of the arcuate shape of
distal end portion 12. Second side 12b is directed radially outward from the center of the
arcuate shape of distal end portion 12 and 6pposes first side 12a and. First side 12a and
second side 12b are connected by third side 12c and fourth side 12d to form the tubular
walls of distal end portion 12.

Referring now to Figs. 2 and 3, in this preferred embodiment, at least two apertures
18 and 20 is a plurality of apertures that are defined in first side 12a and at least one
aperture is defined in second side 12b. Sides 12a, 12b, 12c and 12d aré tubular walls that
define a lumen 24 in distal end portion 12 of needle 11. Apertures, 18, 20 and 22 are
through holes in the tubular wall of distal end portion 12 that are in fluid communication
with lumen 24. The tubular wall of needle 11 and lumen 24 extends between distal most
aperture 18 and external interface 17. )

The at least two apertures 18 and 20 as well as at least one aperture 22 have
directional alignments that diverge from one another. The alignment of each of the at
least two apertures 18 and 20 preferably defines a separate plane with the longitudinal
axis-X. It is understood that the at least two apertures 18 and 20 as described herein can
include an array of apertures that extends across two or more of first side 12a, third side
12c and fourth side 12d that have diverging alignments relative to each other and to at
least one aperture 22 in second side 12b. ‘

In addition, the cross-sectional areas of two or more of the at least two apertures 18
and 20 can be varied to define a predetermined rate of laminar fluid flow when a level of
reduced pressure is applied through external interface 17 by an external source of reduced
pressure. In one preferred embodiment, apertures 18 and 20 are circular apertures and
fluid mechanics are employed to vary the diameter of distal aperture 18 relative to the
diameter of proximal aperture 20 such that at least two apertures 18 and 20 of the
plurality of apertures on side 12a draw an approximately equivalent flow rate.

The cross-sectional dimensions of at least two apertures 18 and 20 as well as the flow
rates through apertures 18 and 20 are calculated using fluid mechanics to account for the
flow through at least one aperture 22 in second side 12b into lumen 24. In this preferred
embodiment, the diameter of the through hole of at least one aperture 22 is less than the
diameter of apertures 18 and 20 and draws a reduced flow rate than apertures 18 and 20.
At least one aperture 22 has a cross-sectional area for a predetermined rate of laminar
fluid flow when connected to the external source of reduced pressure that is less than the

individual fluid flows of apertures 18 and 20.

PCT/US2008/010743
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At least one aperture 22 has an alignment that diverges from any additional apertures
in second side 12b and in this one preferred embodiment aperture 22 has an alignmcnt.
that is approximately perpendicular to the longitudinal axis. The cross-sectional size of
the through hole of at least one aperture 22 in second side 12b can vary in any manner
and does not necessarily produce an equivalent flow rate as any additional apertures in
side 12b.

It is understood that each aperture of the plurality of apertures in distal end portion 12
defines a centerline or an axis that defines the alignment of that aperture. The cross-
sectional area of any one of the plurality of apertures as defined herein is a cross-section
pérpendicular to the axis defined by that aperture. This is independent of the shape of the
cross-section of the aperture.

In one preferred embodiment, apertures 18, 20 and 22 are approximately aligned with
the longitudinal axis to define a single plane. At least one aperture 22 is poéitioned
approximately midway between apertures 18 and 20 in opposing side 12b. It is
understood that ad_ditional apertures 18, 20 and 22 can be positioned on their respective
sides. Further, apertures can also be selectively included in sides 12c and 12d.

As shown in Figs. 1 and 3, handle 16 preferably has a shape that approximates a
spherical ball. Handle 16 can include a position indicator for aspiration apparatus 10,
such as a flattened portion 19 that provides a tactile indication of the orientation of
arcuate distal end portion 12. Alternative indicators can include one or more undulations
of the surface of the handle 16 as well other tactile or sensory-based distinctions.

External interface 17 is abproximately aligned with or slightly recessed below the
surface of handle 16 and is adapted to provide a fluid tight connection with an external
source of reduced pressure. In this preferred embodiment, external interface 17 is a leur
lock that provides a fluid tight coupling with a mating leur lock syringe. The syringe can
also be employed as an external source of reduced pressure.

Referring now to Fig. 4A a second preferred embodiment of spinal aspiration
apparatus 10 includes a needle 11 that has a tapered approximately conical shaped distal
end portion 12 that can further include a bulbous tip 13. As defined herein the conical
shaped distal end portion 12 includes arcuate first side or tubular wall 12a as well as an
arcuate second side, arcuate third side and arcuate fourth side. At least two apertures are
defined in first side 12a and at least one aperture 22 is defined in second side 12b.

In this preferred embodiment, distal end portion 12 includes at least two apertures 18

and 20 in first side 12a and at least one aperture 22 in side 12b as described previously.
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In this preferred embodiment, distal end portion 12 can have a straight tapered shape, but
preferably has an at least partially arcuate tapered shape.

The proximal end portion of handie 16 includes an aperture or recess that positions
external interface 17 below the outer surface of handle 16. The recess of external
interface 17 below the surface of handle 16 advantageously provides a predetermined
degree of structural support for the external source of reduced pressure during operational
use and can include a port that is a window or a slot that provides visibility into the
external source of reduced pressure and markings that define volume levels.
~ As shown in Figs. 4A and 4B, spinal aspiration apparatus 10 can also include a stylet
25 that is selectively employed to purge or clean v]umén 24. Stylet 25 can be rigid and -
straight or alternatively flexible along its longitudinal axis such that the distal end portion
of stylet 25 can flex and accommodate arcuate distal end portion 12 and passage through
apertures 18, 20 and 22. '

As shown in Fig. 5, a third preferred embodiment of spinal aspiration apparatus 10
includes a needle 111 with a distal end portion 112 and a proximal end portion 114.
Distal end portion 112 includes a distal end or tip 113. Proximal end portion 114 includes
a handle 116 and an external interface 117.

Needle 111 has a buli)ous tip 113 that aids in precluding undesirable penetrations
during surgical procedures and is suitably sized for penetration through the pedicle
pathway. Needle 111 can also include markings or graduations 125 on the external
surface that indicate the depth of penetration. Needle 111 can be an approximately rigid
structure or alternatively have a structure with a controlled amount of flexibility along the
longitudinal axis-X. Needle 111 retains the ability to sustain fluid flow during flexing.

Handle 116 has a “T* shape in this preferred embodiment that includes a window
127 that can be a cutout in handle 116 or a transparent or translucent portion and |
markings 128 associated with window 127. Alternatively, handle 116 can be transparent
or translucent such that exterior interface 117 is readily visible through handle 116. -

External interface‘ 117 defines an aperture or receptacle in handle 116 that is adapted
to receive a standard size sealed vial 150. In this preferred embodiment, vial 150 is a
clear glass or clear polymer that is sealed by a cap 152 to retain a reduced pressure or
pressure below that of the atmosphere such tﬁat a desired level of low pressure force is
provided through apertures 18,.20 and 22 and lumen 124. Vial 150 can also selectively
include an anti-clotting liquid 154.

Referring now to Fig. 6, external interface 117 includes a needle 140, a receptacle
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that has at least one sidewall, a terminal end 142 and a bias'member 144. External
interface 117 in this preferred embodiment includes a longitudinally aligned receptacle
that is defined by the at least one sidewall and terminal end 142. Needle 140 isa
longitudinally aligned tube with a penetrating proximally directed tip that extends through
terminal end 142 and is in fluid communication with lumen 124, Bias member 144 is
preferably connected to the proximal side of terminal end 142. Needle 140 defines a
lumen and a proximal end portion that includes a port 146.

Needle 11 can also include a shut off valve 148 that can be operated to selectively .
open and close fluid communication between lumen 124 and needle 140. Valve 148 can
be positioned directly on shaft 11 or handle 16. Alternative valves 148 include a biased
enclosure of needle 140 that is opened by the application of a reduced pressure such as
that of vial 150.

In one preferred embodiment, the proximal end of needle 111 includes a portion that
provides visibility into needle 111 such as a window or a clear tubular extension that is
located within handle 116. The visible portion of needle 111 can also include valve 148
and/or external interface 117. Handle 116 provides visibility into-the visible portion
using a slot or window. The visible portion can be made of any clear material suitable for
medical applications such as a polymer or glasé based material. In one preferred
embodiment, handle 116 is also made of the same material as the visible portion.

As shown in Fig. 7, vial 150 is pushed distally into the aperture defined by external
interface 117 and against the bias of bias member 144. Vial 150 is secured in place by a
retention mechanism- associated with the receptacle of external iﬁterface 117. The
mechanism could be, for example, a friction fit or a snap type interface fit between the
sidewalls and vial 150. An external release switch can be selectively positioned on the
outside of handle 116 with the actuation of the switch releasing the mechanism that
secures vial 150 in the receptacle of external interface 117. Bias member 144 then urges
vial 150 from the receptacle. When vial 150 is fully inserted into the receptacle of
external interface 117, vial 150 is preferably substantially recessed in handle 116 and
needle 140 penetrates through seal 152 such that aperture 146 and the interior of vial 150
are in fluid communication with lumen 124.

It is also understood that alternative arrangements for the positioning and removal of
vial 150 can have diffefent structures and retention mechanisms. In particular, direct
manual access can be provided to the vial through additional apertures in handle 116 as

well as the use of an external device for the gripping and removal of vial 150 from handle
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116. Similarly the structure described herein for handle 116 can be readily employed
with handle 16 of the first embodiment such that the approximately spherical or bulbous
shape of handle 16 that can at least partially recess vial 150. Further modifications can
include providing an external interface 17 that has a recess, window 127, markings 125,
128 and needle 146 while accommodating the desired feel and manual dexterity
association with the traditional external structure of a pedicle finder. Similarly, the third
embodiment of aspiration apparatus 10 can include a leur lock with a recessed or surface
external interface 17,

Referring now to Figs. 1 and 5, the materials of construction of spinal aspiration
apparatus 10 can vary depending upon the intended use. For example, in one preferred
embodiment, handle 16 is constructed of wood, but it is understood that handles 16 and
116 can be fabricated of any suitable materials as defined herein for medical applications
to include metals; polymers and composites. Similarly, needle 11 is preferably made of
steel suitable for surgical applications, but it is understood that alternative materials such
as polymers and composites can be utilized that have the appropriate strength for spinal
applications. ’

In operation, as shown in Figs. 1, 8 and 9 spinal aspiration apparatus 10 is employed
during a surgical procedure on a patient through an incision in proximity to a vertebra 1.
The pedicle pathway of vertebra 1 is located and the angled arcuate shape of distal end
portion 12 of spinal aspiration apparatus 10 can advantageously pass through the pedicle
pathway, cancellous bone and anterior cortex of a vertebral body 2 that contains marrow
4. The location and angular direction of distal end portion 12 in body 2 can be verified by
contacting distal tip 13 with the anterior of vertebra 1 and markings (see Fig | and Fig. 5)
on needle 11. Alternatively or in addition, the location and angular direction of distal end
portion 12 can be verified by external imaging means such as ultrasound, MRI or CT
scans, for example. As shown in this preferred embodiment, the representative diverging
alignment of apertures 18, 20 and 22 of distal end portion 12 direct and align the
corresponding harvest zones 26, 28 and 30 such that the harvest zones encompass
approximately half of vertebra 1.

An external source of reduced pressure, such as a syringe with a leur lock interface,
is coupled to the leur lock of exterior interface 17 before or after the entry of aspiration
apparatus 10 into the pedicle pathway. The syringe can optionally include a liquid such
as an anti-coagulant. The spinal aspiration apparatus is then used to locate the pedicle

pathway using distal tip 13. The markings on needle 11 can be used to gauge and

10
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selectively control the depth of penetration of needle 11 into vertebra 1.

Aperture 18 defines a central axis 18a, aperture 20 defines a centra‘l axis 20a and
aperture 22 defines a central axis 22a. Each of axes, 18a, 20a, and 22a diverges from the
other axes. The quantity, arrangement, cross-sectional area and directional alignment of
the plurality of apertures in distal end portion 12 is structured to define an array of harvest
zones that aspirate apprpximately one-half of marrow 4 from a single positional location
in vertebral body 2. The directional alignment of the apertures relative to the longitudinal
axis can vary from a proximal to a distal ori'en'tation depending upon the location of the
aperture on distal end portion and the positional location of distal end portion 12 in body
2. In one preferred embodiment, the plurality of apertures has an oblique distal angular
direction relative to the longitudinal axis. Oblique as defined herein is transverse and
non-perpendicular to the longitudinal axis.

The diverging alignment of axes 18a and 20a takes into account factors such as the
preferred positioning of distal end portion 12 in body 2, the morphology of vertebra 1 and
the arcuate shape of distal end portion- 12. In one preferred embodiment, the preferred
angular position of shaft 11 relative to a sagittal plane is an acute angle that preferably
approaches an approximate alignment with the sagittal plane. The shape of neck 15 of
needle 11 can also accommodate an increased ability to select a particular location and
angular position of distal end portion 12 of aspiration apparatus 10 in the vertebral body
2. It is understood, however, that the morphology of the pedicle pathway relative to body
2 can vary in both the sagittal plane and transverse plane in vertebra | depending upon the
location of vertebra 1 in the spinal column and other factors. In this regard, the preferred
alignment of the distal end portion 12 in vertebral body 2 can vary relative to the sagittal
plane with alternative diverging alignments, arrangements and cross-sectional areas of the
plurality of apertures of distal end portion 12. '

The preferred position of distal end portion 12 in body 2 also includes directing side
12a with diverging axes 18a and 20a of at least two apertures 18 and 20 approximately
medialfy towards a midsagittal plane and axis 22a approximately laterally outwardly. .
The representative diverging alignments of axes 18a, 20a and 22a defines the axes of
harvest zones 26, 28 and 30, respectively. As noted previously, at least two apertures 18
and 20 can include additional apertures in third side 12c and fourth side 12d that are
define a three-dimensional array of diverging apertures. It is understood that the number
of diverging apertures in distal end portion 12 are shown in a representative manner in the

figures and the quantity and location of the apertures can vary depending upon factors

11
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such as those described above.

Once spinal distal end portion 12 is positioned at the predetermined location in body
2, marrow 4 is collected using the syringe to create a source c_>f reduced pressure and
harvest marrow 4 through at least two apertures 18 and 20, at least one aperture 22, lumen
24 and into the syringe. The size of each aperture in distal end portion 12 is selected to
control the flow rate of marrow and size of each individual harvest area. For.example, the
flow rate of at least one aperture 22 is less than the flow rate of at least two apertures 18
and 20 due to the smaller volume of marrow 4 in proximity to side 12b and the substantial
volume of marrow 4 in proximity to side 12a. The flow rate through each aperture in
distal end portion 12 and lumen 24 can be caiculated using standard fluid mechanics
techniques for incompressible fluid flow such as those of Navier-Stokes and Hagen-
Poiseuille equations as well as Bernouli’s principle. The predetermined location in body
2 is defined herein as a preferred approximate location in body 2 that can be determined
by markings on needle 11, the angular position of needle 11 relative to the mid sagittal
plane and/or external imaging sources.

The flow rate and shape of harvest zones can also be tailored by the shape of the rim
of the apertures and shape of the tubular walls fhat define the apertures. For example, the
breadth or lateral width of a given harvest volume can be expanded by increasing the
taper of the tubular walls of the rim of the aperture to create a conical taper that increases
the lateral breadth of the harvest area. The size of the desired harvest volume from at
least two apertures 18, 20 and at least one aperture 22 is systematically calculated as
described above for laminar flow of an incompressible fluid such as bone marrow.

The unique diverging alignment of apertures 18 and 20 of first side 12a in
conjunction with the diverging alignment of aperture 22 of second side 12b harvests '
approximately half of the marrow in body 2 from a single location. Harvest volumes 26,
28 and 30 approximately encompass one-half of the marrow of vertebra | as shown by
the midsagittal aligned axis-Z that approximately divides vertebra 1 in half. This
advantageously precludes the need to take a first volume of marfow relocate the
aspiration apparatus and then repeat the relocation process for the additional collection of
marrow in body 2 in order to preclude over harvesting.

The three-dimensional harvest volumes 26, 28 and 30 of aspiration apparatus 10 are

advantageously arranged at diverging angles to preclude overlapping within the vertebra.

"The harvesting of marrow 4 is monitored for quality by viewing through the syringe or

alternatively through handle 16. The harvesting process can be stopped by the ceasing of
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the withdrawal of the syringe plunger or alternatively by the use of a valve 148 and the
coupling of a new syringe. '

In one preferred embodiment at least two of the at least two apertures 18 and 20 in
first side 12a are opposed to an approximately eqﬁivalent volume of marrow 4 and have
apertures with cross-sectional areas that are sized to provide approximately equivalent
flow rates. In another preferred embodiment, the over harvesting of marrow 4 is
prevented using estimated volumes of marrow 4 and volume markings on the external
source of reduced pressure and/or proximal end portion 14, such as markings 128 of
window 127 (See Fig. 5). _

In another preferred embodiment, the over harvesting of marrow 4 can be prevented
using calculated or predicted estimations of the volumes of marrow 4. The flow rates of
individual apertures of the plurality of apertures in distal end portion 12 are calculated
using the principles of fluid mechanics such that the apertures directed towards lesser
amounts of marrow 4 have a slower flow rate than the apertures directed towards
substantial amounts of marrow 4. The marrow 4 of approximately one-half of vertebral
body 2 is thus drawn at an overall uniform rate relative to the volume of marrow in
proximity to that aperture. The marrow in approximately one-half of the body 2 is
harvested by the application of a specified leve! of reduced pressure until the desired
harvest volume is achieved or a predetermined time expires. The volume of marrow 4 in
vertebral body 2 to be harvested for a particular application of aspiration apparatus 10 and
the flow rate of each aperture of the plurality of apertures of distal end portion 12 is
calculated for a given application of reduced pressure by the external source of reduced
pressure. The above methods can be used separately or in combination to prevent the
drawing of substantial amounts of venous blood.

Once approximately one-half of the volume of the marrow of vertebral body 2 is
harvested, the drawing of marrow 4 can be terminated and aspiration apparatus 10
withdrawn from vertebra 1 before a substantial flow of venous blood from one-half of
body 2 is harvested. The above volume based and visual methods can be used separately
or in combination to prevent the drawing of substantial amounts of venous blood.

Referring now to Figs. 10 and 11, once distal end portion 12 of spinal aspiration
apparatus 10 is positioned at the desired location in body 2, aspiration apparatus 10 can be
rotated at the same location to reorient apertures 18, 20 and 22 to harvest marrow from a
different angular area of vertebra 1 such as an approximately ségittal orientation as

shown. This option is particularly advantageously when the arrangement of the plurality
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of apertures on distal end portion 12 and corresponding harvest zones have an

-approximately planar opposed alignment with sides 12a and 12b.

Referring now to Figs. 4A, 4B, 5 and 8, the second and third em-bodiments of
aspiration apparatus 10 can be initially employed through a pre-existing incision as
described previously with a reduced sized bulbous tip 13 as a pedicle finder and with a
larger bulbous tip 13 in the pedicle pathway established by a separate pedicle finder
instrument. The second and third embodiments of aspiration apparatus 10 have an
improved ability to be employed as a probe to verify the preferred location and angular
direction of distal end portion 12 in vertebral body 12. Bulbous tip 13 and markings 125
provide one preferred means for identifying the location and angular direction of the
distal end portion 12 of aspiration apparatus 10 in vertebral body 2. '

Recessed external interface 17 in handle 16 of the second embodiment of aspiration
apparatus 10 advantageously stabilizes and protects the engagement of the external source
of reduced pressure with aspiration apparatus 10. Stylet 25 can be used to purge material
from lumen 24 and apertures 18, 20 and 22 between or at the conclusion of the -
application of aspiration apparatus 10. »

As shown in Figs. 5 — 7 and 11, the third preferred embodiment of spinal aspiration
apparatus 10 in operation includes, placing vial 150 from a first and separate position to a
sécond position coupled with lumen 124 by positioning vial 150 into the aperture defined
by external interface 117. The positioning of vial 150 in the second position can be done
before or after the penetration of distal end portion 112 through the pedicle of vertebra 1.
Valve 148 provides functions that include the ability for a user to selectively control the
application of reduced pressure from the external source of reduced pressure éuch as vial
150. Once distal end portion 112 is positioned in body 2, the reduced pressure is initiated
by directly connecting vial 150 with needle 140 and/or moving valve 148 to fluidly
couple lumen 124 and vial 150. |

The drawing of marrow 4 is monitored for quality, the quantity of marrow harvested
and/or over harvesting by viewing through window 127, markings 128 of handle 116
and/or into the external source of reduced pressure such as vial 150. This monitoring
allows for the viewing of the harvested marrow so as to identify the undesirable over
harvesting of marrow 4. Valve 148 can also be embloyed to secure lumen 124, withdraw
a vial 150 and then position a second vial 150 into external interface 17. Each cap 152 of
vial 150 provides an interface that automatically re-seals the contents of vial 150 once

vial 150 is withdrawn from needle 140. Thus, valve 148 provides the ability to employ
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multiple vials 150 in sequence with each vial 150 providing its own source of reduced
pressure. Each vial 150 can be released using the external release switch or alternatively
by directly grasping and removing vial 150. Bias member 144 urges vial 150 from the
receptacle of external interface 117 for ease of grasping. When the desired quantity of
marrow 4 is harvested or the harvesting is completed, valve 148 can be selectively closed
and aspiration apparatus 10 is withdrawn from the patient. The volume based limits
described above can also be used separately or in conjunction other forms of monitoring
for the quality control of the harvest of marrow 4.

In the preceding specification, the present disclosure has been described with
reference to specific exemplary embodiments thereof. It will be evident, however, that
various modifications, combinations and changes may be made thereto without departing
from the broader spirit and scope of the invention as set forth in the claim.s that follow.
For example, the preferred leur lock external interface 17 of the first embodiment can
include a receptacle and/or a vial 150 or an alternative coupling device for an external
source of reduced pressure. Thus, the embodiments described herein can be applied or
combined as novel features between the embodiments described herein. The drawings
and specification are accordingly to be regarded in an illustrative manner rather than'a

restrictive sense.
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Claims.

What is claimed is: _

1. A spinal aspiration apparatus adapted for the harvesting of bone marrow from a
vertebra, the spinal aspiration apparatus comprises:

a tubular needle that includes a distal end portion and a proximal end portion that
are connected by a shaft, the distal end portion includes a plurality of apertures and the
proximal end portion includes an external interface, the needle defines a lumen that is in
fluid communication with the plurality of apertures and the external interface, the distal
end portion, shaft and proximal end portion define a longitudinal axis, the distal end
portion has a tubular wall that includes a first side, an opposed second side, a third side
and a fourth side, the distal end portion has a distally directed taper that terminates in a
solid tip and is adapted to penetrate through a pedicle pathway of a vertebra;

a plurality of apertures defined in the distal end portion, each aperture defines an
axis, each axis diverges from the other axes of the plurality of apertures, the size and the
alignment of each aperture defines a harvest zone of that aperture and the plurality of
apertures defines an array of harvest zones for the harvesting of approximately one-half
of the bone marrow from a vertebra from a single location in the vertebra; and

a handle connected to the proximal end portion, the external interface adapted to
provide a fluid tight coupling with an external source of reduced pressure.

2. The spinal aspiration apparatus of claim 1, wherein the first side of the distal end
portion includes a pluraiity of apertures and at least two of'the plurality of apertures draw
an approximately equivalent first flow rate when an external source of reduced pressure is
applied through the external interface.

3. The spinal aspiration apparatus of claim 2, wherein at least one aperture is defined
in the second side and draws a second flow rate when the external source of reduced
pressure is applied, the second flow rate is less than the first flow rate.

4. The spinal aspiration apparatus of claim 1, wherein the external source of reduced
pressure includes an anti-coagulant.

5. The spinal aspiration apparatus of claim 1, wherein the needle includes a valve
that opens and closes the lumen.

6. The spinal aspiration apparatus of claim 1, wherein the needle includes a visible
portion that provides visibility into the lumen of the needle.

7. The spinal aspiration apparatus of claim 1, wherein aspiration apparatus has a first

position external to a vertebra and a second position wherein the distal end portion of the
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needle is positioned at a predetermined location in a vertebral body and is in fluid
communication with the external source of reduced pressure, the plurality of diverging
apertures define an array of harvest zones that differ in flow rate dependirig upon the
location and angular direction of each aperture on the distal end portion and the
predetermined location of the distal end portion in the vertebral body.

8. The spinal aspiration apparatus of claim 1, wherein the external interface defines a
receptacle in the handle and a second needle recessed in the receptacle with an
approximately proximally directed penetrating point, the second needle includes a port
that is in fluid communication with the lumen of the needle, the receptacle and needle
adapted to interface with a sealed vial that is a source of reduced pressure.

9. The spinal aspiration apparatus of claim 8, wherein the receptacle of the external
interface includes a retention mechanism that is adapted to selectively retain the vial in
position in the receptacle and release the vial for removal from the receptacle.

10. A method of aspirating a vertebra comprising the steps of:

- providing an aspiration apparatus that includes a needle that has a distal end
portion and a proximal end portion, the distal end portion has a shape for penetrating
through a pedicle pathway, the proximal end portion including an external interface, the
needle defines a lumen that is in fluid communication with a plurality of diverging
apertures in the distal end portion and the external interface, the external interface adapted
to provide a fluid tight coupling with an external source of reduced pressure, a handle
connected to the proximal end portion;

positioning the distal end portion of the aspiration apparatus through the pedicle
pathway of a vertebra and positioning the distal end portion at a predetermined location in
a vertebral body; and

introducing an external source of reduced pressure through the external interface,
the plurality of diverging apertures in the distal end portion defining an array of diverging
harvest zones for the harvesting of approximately one half of the marrow of the vertebra -
from the location in the vertebral body.

11. The method of aspirating a vertebra of claim 10 further comprising controlling
the application of the source of reduced pressure using a valve connected to a lumen of
the needle.

12. The method of aspirating a vertebra of claim 10 wherein the step of using further
comprises finding the pedicle pathway.

13. The method of aspirating a vertebra of claim 10 wherein the step of introducing

17
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an external source of reduced pressure includes the plurality of diverging apertures
defining an array of harvest zones that differ in flow rate depending upon their location
and angular direction from the predetermined location in the vertebral body.

14. The method of aspirating a vertebra of claim 10 wherein the step of introducing
further comprises monitoring the quality of the harvested marrow through a portion of the

needle.
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