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APPARATUS AND METHODS FOR ASPIRATING TISSUE 

RELATED APPLICATIONS 

[0001] 	This applicazior, claims-the benefit ofU.S. Provisional Application No. 

61/719,611, filed on October 29, 2012; and U.S. Provisional Application No. 	• 

5 61/726,913, filed on November 15, 2012; and 1.1,S, Provisional Application No, 

61/S31,383, filed on June 5, 2013. The entire teachings of the above applications 

are incorporated herein by reference. 

BACKGROUND OF Inn INVENTION 

[0002] 	Bone is made up of a hard outer core, known as conical bone or cortical 

10 pl ate, and a soft spongy inter/orknown as cancallous bone or trabecular bon; which 

Includes amarrowtiling in theporous space within the spongy bone (commonly 

referred M as bone marrow). The cortical plate is very hard and provides the rigid 

structureto the skeleton, which allows the skeleton to bear weight Bone marrow is 

rich in capillary beds. 

15 [0003] 	Marrow aspiration la usually obtained from the hip bone,. Currently, to 

draw larger volumes of marrow, clinicians usually go into the hip bone through the 

iliac crest. The goal is to penetrate deep into the spongy bone and then to withdraw 

small aliquots of marrow as the needle is withdrawn. Traditionally, marrow 

aspiration Is performed with an aspiration needle 100 (FIG. 1). This needle has two 

N basic components: a component comprising a handle 104 With a lner connector 110 

for attaching a syringe 106 on one end, and a hollow metal tube or cannula 102 (also 

referred to as a 6i:emulated trocar) on the other end; and a component (not shown in 

PIG. 1) comprising a second handle attached to a solid metal rod or styletwith a 

sharp pointed tip. The sryier of the marrow aspiration needle is rorarivable. When 

15 assembled, the second handle fits over the first handle and the stylet fits through the 

tamale. 102, including the lu.r connector 110 and handle 104, such that the pointed 

rip of the stylet extends past the distal end of the canoula 102, This entire needle 

assembly is often referred to as 3. Iii-MSHIDI iii aspiration needle. 

PPr.TIFIP11 CHFFT (PI II P Q11 ICA /PP 



WO 2014/070804 	 PCT/US2013/067358 

- 2 - 

10004] 	To perform a marrow aspiration, a clinical practitioner uses the fully 

assembled needle to penetrate cortical bone 110 using the point of the stylet. The 

clinician uses hand pressure or a mallet to tap the assembled aspiration needle 

through the bone. The cannula and stylet are usually made of stainless steel or 

5 titanium. The assembled aspiration needle is very hard and stiff so that the needle 

will not bend or buckle when longitudinal force is applied against the proximal 

handle to allow it to penetrate the cortical bone. Once the hard cortical bone 112 is 

penetrated, the assembled needle easily advances through the trabecular bone, 

including spongy marrow, 114. During insertion, the stylet is left in place to prevent 

10 the hollow cannula from becoming clogged with debris as the needle is pushed 

through the spongy marrow. Once the needle assembly is advanced sufficiently into 

the trabecular bone 112, the stylet, including the stylet handle, is removed to expose 

the luer connector 110. Luer connector 108 of syringe 106 is attached to the luer 

connector 110 of the needle and a vacuum created by pulling the syringe plunger 

15 will remove the marrow (FIG. 1). Marrow aspirate is pulled through the distal end 

of the cannula 102 and into the syringe 106 as the needle 100 is slowly removed 

from the marrow space 114. 

20 

10005] 	A traditional bone marrow aspiration needle is typically used to access 

marrow from the hip or iliac bone. Because the traditional aspiration needle is stiff, 

the needle can only advance linearly within the marrow space. Once the needle is 

through the cortical plate, the cannula only has access to whatever marrow is 

directly ahead of the cannula tip, but cannot bend or access marrow to the sides of 

the cannula. Thus, clinicians often need to perform multiple punctures in order to 

gain larger volumes of aspirate from a more diverse cross section of the marrow 

25 space. Since the hip bone is long and thin, once the traditional aspiration needle has 

penetrated cortical bone, the sharp and stiff instrument has the potential to penetrate 

through the other side of the cortical bone, resulting in significant trauma. 

Consequently, it is important for the surgeon to have a proper angle and skilled 

technique to ensure a safe aspiration. Since the iliac crest curves from the front to 

30 the back of the patient, the best angle of entry is from the back. Since the stylet is 

made of a stiff material, once inside the spongy bone, the needle assembly can only 
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go straight, thus requiring multiple punctures to obtain the required volume of 

aspirate. 

[0006] 	A traditional marrow aspiration needle is meant to access bone marrow 

from larger cavities and is not ideally suited to drawing marrow from the smaller 

5 confines such as the vertebral body of the spine. Because of the sharpness and 

stiffness of a traditional aspiration needle, using such an instrument in the small 

curved marrow space of a vertebral body would greatly increase the likelihood of 

introducing trauma. Less invasive and safer methods to access the marrow tissue of 

the vertebral body are needed in an effort to support the emerging field of 

10 orthobiologics. One fast growing area of this field combines marrow aspirate with 

synthetic matrix material in order to facilitate instrumented assisted spinal fusion. 

[0007] 	Therefore, a need exists for a bone marrow aspiration device that can 

reduce or minimize the aforementioned problems. 

SUMMARY OF THE INVENTION 

15 [0008] 	A bone marrow aspiration device includes an introducer needle, an 

aspiration needle and a locking mechanism to lock the aspiration cannula to the 

introducer cannula. The introducer needle includes an introducer cannula having a 

proximal end and a distal end, each end including an opening, an introducer handle 

connected to the proximal end of the introducer cannula, and a removable introducer 

20 stylet. The introducer stylet has a proximal end and a distal end and extends through 

the introducer cannula from the cannula handle. The distal end of the introducer 

stylet extends beyond the distal end of the introducer cannula and includes a sharp 

tip to penetrate bone. The aspiration needle includes an, optionally flexible, 

aspiration cannula having a proximal end and a distal end, the distal end including 

25 an opening, an aspiration handle connected to the distal end of the aspiration 

cannula, and a removable blunt stylet. The blunt stylet has a proximal end and a 

distal end and extends through at least a portion of the aspiration cannula from the 

aspiration handle. The distal end of the blunt stylet can extend beyond the distal end 

of the aspiration cannula. The aspiration needle is receivable in the introducer 

30 cannula when the introducer stylet is removed from the introducer needle. The 

aspiration cannula forms a channel for aspirating bone marrow when the blunt stylet 
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is removed. The locking mechanism is configured to lock the aspiration cannula to 

the introducer cannula when the aspiration cannula is received in the introducer 

cannula, whereby the aspiration cannula can be advanced distally relative to the 

introducer cannula in a controlled manner, and whereby pulling the aspiration 

5 cannula proximally causes the introducer cannula to move proximally with the 

aspiration cannula. 

[00091 	The locking mechanism can include a ratchet mechanism, a screw 

mechanism, or combination thereof 

10010] 	The ratchet mechanism can include one or more teeth at the introducer 

10 needle configured to engage the aspiration cannula. In an embodiment, the ratchet 

mechanism includes a tube positioned over a proximal portion of the aspiration 

cannula, the tube including at least one of ratchet teeth to engage the introducer 

handle and holes to engage with a pin of introducer handle. The ratchet mechanism 

may include a release button to unlock the aspiration cannula from the introducer 

15 cannula. In an embodiment, the ratchet mechanism includes an extension extending 

distally from the aspiration handle and configured to mate with the introducer 

handle. The extension and the introducer handle can have respective mating ratchet 

teeth. 

[0011] 	Other ratchet mechanisms are contemplated. For example, a ratchet 

20 mechanism can include at least one ribbon ratchet extending between the aspiration 

handle and the introducer handle. For example, the ribbon ratchet may be fixedly 

coupled to the aspiration handle and may extend from the aspiration handle through 

a slot in the introducer handle. In another example, the ribbon ratchet is attached to 

a locking ring configured to couple the ribbon ratchet to the introducer handle, the 

25 ribbon ratchet extending from the locking ring through a slot in the aspiration 

handle. 

100121 	The screw mechanism can include a threaded guide in a threaded tube, 

the guide being attached to the aspiration cannula and the tube configured to couple 

to the introducer cannula. The tube can be configured to couple to the introducer via 

30 a luer connection, the luer connection and screw mechanism providing an air-tight 

fit. The guide can be hollow and the aspiration cannula can pass through the hollow 

guide and the tube. The screw mechanism can be configured to advance the 
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aspiration cannula distally when the aspiration handle is turned in one direction and 

to withdraw the aspiration cannula proximally when the aspiration handle is turned 

in an opposite direction. In an embodiment, a length of the aspiration cannula that 

extends beyond the distal end of the introducer cannula is adjustable by advancing 

5 the threaded guide into the threaded tube or reversing the threaded guide out of the 

threaded tube. 

[0013] 	In another embodiment, the screw mechanism includes a lead screw in a 

threaded receptor at the aspiration handle, the lead screw having a proximal end and 

a distal end, the proximal end including a handle, the distal end receivable in a dead- 

10 end receptor at the introducer handle. 

100141 	The aspiration device can further include a depth guide coupled to the 

introducer handle, the depth guide configured to control depth of entry of the 

introducer cannula into bone. In one example, the depth guide is adjustable and 

includes a lead screw and a threaded tube, whereby a length of the introducer 

15 cannula that extends beyond a distal end of the depth guide is adjustable by 

advancing the lead screw into the threaded tube or reversing the lead screw out of 

the threaded tube. The lead screw can be attached to the introducer handle. In an 

embodiment, the lead screw is hollow and the introducer cannula extends through 

the hollow lead screw. For example, the length of the introducer cannula that 

20 extends beyond the distal end of the depth guide can be adjustable between about 1 

and about 8 inches. 

[0015] 	In some embodiments, the distal end of the aspiration cannula is open, 

which can be opening near the distal end, for example, in a side of the aspiration 

cannula. The distal end of the blunt stylet can be configured to extend beyond the 

25 distal end of the aspiration cannula. In some embodiments, the distal end of the 

aspiration cannula is closed and the aspiration cannula includes one or more ports in 

fluid communication with die channel for aspirating bone marrow. The port(s) can 

be near the distal end of aspiration cannula. In some embodiments, the aspiration 

cannula includes plural ports along a length of the aspiration cannula. The ports 

30 may vary in size along a length of the aspiration cannula. For example, ports near 

the proximal end of aspiration cannula can be larger than ports near the distal end of 

aspiration cannula. 
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[0016] 	In an embodiment, the aspiration cannula includes a wire wound tube. 

The entire length of the cannula may be formed of wire wound tube or only a 

portion thereof. For example, a portion of the aspiration cannula, e.g., a proximal 

portion, may be a solid wall cannula to which a wire wound portion is welded or 

5 attached by other suitable means. The wire wound tube can have a winding in one 

direction and the locking mechanism can be configured to allow the aspiration 

cannula to be withdrawn from the bone marrow by turning the aspiration handle in a 

direction opposite to direction of the winding, whereby the wire wound tube is 

tightened as the aspiration cannula is withdrawn. 

10 [0017] 	The aspiration cannula can be flexible and the length of the aspiration 

cannula may be substantially greater than the length of the introducer cannula. In 

one embodiment, the stiffness of the assembled introducer cannula and stylet is 

sufficiently high to allow the introducer cannula and stylet to penetrate cortical bone 

when a longitudinal force is applied to tbe introducer cannula and stylet in a distal 

15 direction. The stiffness of the assembled aspiration cannula and stylet can be 

sufficiently high to allow the aspiration cannula and stylet to penetrate bone marrow 

when a longitudinal force is applied to the aspiration cannula and stylet in a distal 

direction. Further, the stiffness of the assembled aspiration cannula and stylet can be 

sufficiently low to not allow the aspiration cannula and stylet to penetrate cortical 

20 bone but to flex or bend when a longitudinal force is applied to the aspiration 

cannula and stylet in a distal direction. The introducer cannula may be substantially 

straight when the introducer stylet extends through the introducer cannula, but may 

revert to a preset bend when the stylet is removed. 

[0018] 	In some embodiments, the introducer cannula includes plural holes. The 

25 holes can be near the distal end of the introducer cannula, for example along a side 

of the introducer cannula. The aspiration cannula can include a cutout alignable 

with at least one of the plural holes of the introducer cannula. In one example, the 

distal end of the aspiration cannula is configured to close the opening of the distal 

end of the introducer cannula. The aspiration needle can include a connector, e.g., a 

30 luer connector, to couple to the introducer needle in an air-tight manner. 

[0019] 	In an embodiment, a bone marrow aspiration device includes an 

aspiration needle including a flexible aspiration cannula having a proximal end and a 
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distal end, the proximal end including an opening, an aspiration handle connected to 

the proximal end of the aspiration cannula, and a removable blunt stylet having a 

proximal end and a distal end. The stylet extends through at least a portion of the 

aspiration cannula from the aspiration handle. The the aspiration cannula forms a 

5 channel for aspirating bone marrow when the blunt stylet is removed. The 

aspiraction device further includes a depth guide coupled to the aspiration handle, 

the depth guide configured to control depth of entry of the aspiration cannula into 

bone. 

[0020] 	A method for aspirating bone marrow includes inserting an aspiration 

10 needle into bone marrow through an introducer cannula placed in a bone, the 

aspiration needle including an aspiration cannula and a stylet, removing the stylet 

from the aspiration needle, the aspiration cannula forming a channel for aspirating 

bone marrow when the stylet is removed, and aspirating bone marrow through the 

channel. The method further includes locking the aspiration cannula to the 

15 introducer cannula with a locking mechanism, whereby the aspiration cannula can 

be advanced distally relative to the introducer cannula in a controlled manner, and 

whereby pulling the aspiration cannula proximally causes the introducer cannula to 

move proximally with the aspiration cannula. The aspiration cannula has a proximal 

end and a distal end, the proximal end including an opening. The aspiration cannula 

20 can be flexible and the length of the aspiration cannula can be substantially greater 

than the length of the introducer cannula. The aspiration needle further includes an 

aspiration handle connected to the proximal end of the aspiration cannula. The blunt 

stylet has a proximal end and a distal end, the stylet extending through at least a 

portion of the aspiration cannula from the aspiration handle. The distal end of the 

25 stylet can extend beyond the distal end of the aspiration cannula. 

[0021] 	In an embodiment, inserting the aspiration needle includes flexing or 

bending the aspiration cannula and stylet against cortical bone. Furthermore, 

aspirating bone marrow can include retracting the aspiration needle assembly from 

the bone. The locking mechanism may include a screw mechanism and inserting the 

30 aspiration needle can include employing the screw mechanism to advance the 

aspiration needle distally in a controlled manner. Further, aspirating bone marrow 

can include retracting the aspiration cannula from the bone, for example, by 
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employing the locking mechanism to move the aspiration cannula proximally with 

the aspiration cannula. Before the aspiration needle is inserted, the cortical bone 

may be penetrated with an introducer needle that includes an introducer cannula and 

a stylet, such as the introducer needle described above, and the introducer stylet may 

5 be removed. The method may also include advancing the introducer needle into the 

bone to a selected depth before removing the introducer stylet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 	The foregoing will be apparent from the following more particular 

description of example embodiments of the invention, as illustrated in the 

10 accompanying drawings in which like reference characters refer to the same parts 

throughout the different views. The drawings are not necessarily to scale, emphasis 

instead being placed upon illustrating embodiments of the present invention. 

[0023] 	FIG. 1 illustrates bone marrow aspiration with a standard aspiration 

needle. 

15 [0024] 	FIG. 2 is a perspective view of an embodiment of an introducer needle 

assembly showing the introducer stylet removed from the introducer cannula. 

[0025] 	FIG. 3 is a perspective view of an embodiment of a flexible aspiration 

needle assembly. 

[0026] 	FIG. 4 is a perspective view of the distal end of the aspiration needle 

20 assembly of FIG. 3 extending through the distal end of the introducer cannula of 

FIG. 2. 

[0027] 	FIG. 5 is a perspective view of an embodiment of an aspiration device 

inserted into a vertebral body. 

[0028] 	FIG. 6A is a diagram illustrating an aspiration cannula inserted into bone 

25 through an introducer cannula. 

[0029] 	FIG. 6B and 6C are respective side and sectional views of an introducer 

needle including a locking mechanism. 

[0030] 	FIG. 7A is a diagram illustrating of an example locking mechanism that 

includes a ratchet. 

30 [0031] 	FIG. 7B is a diagram illustrating another example locking mechanism 

that includes a ratchet. 
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[0032] 	FIG. 8 is a diagram of yet another example locking mechanism that 

includes a ratchet. 

[0033] 	FIG. 9A illustrates an example aspiration device including an aspiration 

needle and a depth guide including a screw mechanism. 

5 [0034] 	FIG. 9B illustrates the aspiration device of FIG. 9B in a partially 

assembled state. 

[0035] 	FIG. 10 illustrates an example aspiration device including a flexible 

aspiration cannula, a blunt stylet, a sharp introducer stylet, and a depth guide. 

[0036] 	FIG. 11 illustrates the aspiration device of FIG. 10 with the blunt stylet 

10 extending through the aspiration cannula. 

[0037] 	FIG. 12 is a detailed view of the tapered, distal end of the aspiration 

cannula and the distal end of the blunt stylet of FIG. 11. 

[0038] 	FIG. 13 is a detailed view of the sharp tip of the introducer stylet of FIG. 

11. 

15 [0039] 	FIG. 14A illustrates another example aspiration device including an 

aspiration needle, including a screw mechanism, and an introducer needle, including 

a depth guide. 

[0040] 	FIG. 14B illustrates the aspiration needle and introducer needle of FIG. 

14A with the blunt stylet inserted into the aspiration cannula and the introducer 

20 stylet inserted into the introducer cannula. 

[0041] 	FIG. 14C is a detailed view of the depth guide of FIG. 14A, including the 

lead screw and threaded tube. 

[0042] 	FIG. 14D illustrates the introducer cannula of FIG. 14A with the depth 

guide in an extended position exposing a short length of the introducer cannula. 

25 [0043] 	FIG. 14E illustrates the introducer cannula of FIG. 14D with the depth 

guide in a retracted position exposing a greater length of the introducer cannula. 

[0044] 	FIG. 14F illustrates the aspiration device of FIG. 14A with the aspiration 

needle extending through the introducer needle and the screw mechanism in an 

extended position. 

30 [0045] 	FIG. 14G is a detailed view of the aspiration device of FIG. 14F 

illustrating the attachment of the aspiration needle to the introducer needle. 
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[0046] 	FIG. I4H illustrates the aspiration device of FIG. 14A with the aspiration 

needle extending through the introducer needle and the screw mechanism in a 

retracted position. 

[0047] 	FIG. 141 is a detailed view of the aspiration device of FIG. 14H 

5 illustrating the aspiration needle extending beyond the distal end of the introducer 

needle. 

[0048] 	FIG. 14 5 illustrates the aspiration device of FIG. 14A with the aspiration 

needle coupled to the introducer needle, the stylets removed and a syringe 

connected. 

10 [0049] 	FIG. 15A and 15B are respect front and side views of an example 

introducer needle. 

[0050] 	FIG. 15C is a detailed view of the tip of the introducer stylet of the 

needle of FIG. 15B. 

[0051] 	FIG. 15D is a view of the introducer needle including a depth guide. 

15 [0052] 	FIG. 15E is a side view of the introducer needle of FIG. 15D including a 

protective sheath. 

[0053] 	FIGs. 16A-16C are respective side, sectional and perspective views of an 

example aspiration cannula including a screw mechanism or depth guard. 

[0054] 	FIGs. 17A-17B are respective front and side views of a distal end of a 

20 aspiration cannula including a blunt tip and plural side holes. 

[0055] 	FIG. 18A-18C illustrate an example aspiration devices that includes a 

wire wound tube. 

[0056] 	FIG. 19 illustrates insertion of a needle aspiration device into a hip bone. 

[0057] 	FIG. 20A illustrates an aspiration device, including an introducer 

25 cannula, introducer stylet, aspiration cannula, and depth guide, according to an 

example embodiment of the invention. 

[0058] 	FIG. 20B is a detailed view of the distal end of the aspiration cannula of 

FIG. 20A. 

[0059] 	FIG. 20C is a detailed view of the distal end of the introducer stylet of 

30 FIG. 20A. 

[0060] 	FIG. 20D is a detailed view illustrating the distal end of the introducer 

cannula of FIG. 20A. 
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[0061] 	FIG. 21A illustrates the assembled needle including introducer stylet and 

introducer cannula of FIG. 20A. 

[0062] 	FIG. 21B is a detailed view of the distal end of the introducer needle of 

FIG. 21A. 

5 [0063] 	FIG. 22A illustrates the assembled aspiration device of FIG. 20A with 

the aspiration cannula inserted through the introducer cannula. 

[0064] 	FIG. 22B is a detailed view of the distal end of the aspiration device of 

FIG. 22A 

[0065] 	FIG. 22C is a sectional view of the distal end of the aspiration device of 

10 FIG. 22A. 

DETAILED DESCRIPTION OF THE INVENTION 

[0066] 	A description of example embodiments of tbe invention follows. 

[0067] 	In an improved design, one can access the entire cancellous space with 

just one puncture. This maximizes the amount of marrow harvested while 

15 minimizing the number of punctures needed to place through the bone. 

[0068] 	A previously filed patent application (International Application No. 

PCT/US2010/036696, published on December 2, 2010 as W02010/138895, 

incorporated herein by reference in its entirety) addresses limitations of prior bone 

marrow aspiration needles by introducing through an introducer cannula, a second 

20 flexible cannula assembly to access the marrow space. The second cannula is 

flexible, e.g., made from a polymer, to allow it to curve inside the spongy marrow to 

access a broader cross section of the marrow space. 

[0069] 	An aspiration apparatus is provided that allows for different lengths of 

needle assemblies to fit coaxially together by removing the trocar or stylet of the 

25 previous needle assembly. The outer diameter of the cannula of each successive 

needle assembly is smaller and the length is longer than the inner diameter and 

length, respectively, of the cannula of the previous needle assembly. Beyond 

diameter and length, each successive needle assembly can have other characteristics 

such as flex and sharpness. Many different diameters, lengths, and stiffness can be 

30 incorporated into the design and the design can incorporate two or more needle 

assemblies in order to make apparatus designed for certain applications. For 



WO 2014/070804 	 PCT/US2013/067358 

- 12 - 

example, assemblies designed for use in tendon and ligament repair may be different 

in length, stiffness, or some other material property, such as lubricity, than those 

designed to be used in osteonecrosis. Assemblies designed to be used in pediatrics 

may be different in size than those used in an adult, to accommodate a smaller 

5 patient, but may also differ in stiffness to reflect potential differences in developing 

tissue as compared to adult tissue. 

100701 	As shown in FIG. 2, an introducer needle assembly 200 includes an 

introducer cannula 202 having a proximal end 206 and a distal end 210, each end 

including an opening, an introducer handle 204 connected to the proximal end of the 

10 introducer cannula, and a removable trocar 212. The trocar 212 has a proximal end 

and a distal end and fits into the introducer cannula 202. When inserted into the 

introducer cannula 202, the trocar 212 extends through the introducer cannula 202 

from the cannula handle 204. The distal end of the trocar extends beyond the distal 

end of the introducer cannula and includes a sharp tip 216 to penetrate bone. The 

15 trocar may include a trocar handle 214 connected to the proximal end of the trocar. 

The introducer needle assembly 200 can include a luer connector at the distal end 

210 of the cannula to which a syringe or other receptacle can be attached. 

100711 	As shown in FIG. 3, an aspiration needle assembly 300 includes a 

flexible aspiration cannula 302 having a proximal end 310 and a distal end 306, each 

20 end including an opening, an aspiration handle 304 connected to the distal end 310 

of the aspiration cannula, and a flexible stylet 312. The length of the aspiration 

cannula 302 is substantially greater than the length of the introducer cannula 202 

(FIG. 2). The stylet 312 has a proximal end and a distal end and extends through the 

aspiration cannula 302 from the aspiration handle 304, the distal end of the stylet 

25 extending beyond the distal end 306 of the aspiration cannula 302. The aspiration 

needle assembly 300 is receivable in the introducer cannula 202 when the trocar 212 

is removed from the introducer needle assembly 200. 

100721 	FIG. 4 is a close-up view showing the distal end 306 of the aspiration 

cannula 302 and the distal end of the stylet 312 coming out of and extending past the 

30 distal end 206 of the introducer cannula 202. The distal end of stylet 312 can 

include an atraumatic tip 316, such as a round or blunt tip. When fully inserted 

though introducer cannula 202, the stylet 312 and flexible cannula 302 will extend 
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farther past the distal end 206 than shown in FIG. 5. This is so because of the length 

of the aspiration cannula 302 is substantially greater than the length of the introducer 

cannula 202. 

[00731 	FIG. 5 is a perspective view of an embodiment of the aspiration device 

5 inserted into a vertebral body. A vertebral body is shown here but the devices 

described herein can be used for access to other bones, such as the iliac bone, which 

is more commonly used as a source of bone marrow. As shown, introducer needle 

assembly 200 has penetrated pedicle 1006 and cortical bone 1002 of vertebral body 

1000. Trocar 202 has been removed, leaving introducer cannula 202 in place. 

10 Aspiration cannula 302 extends through the introducer cannula 202 and into bone 

marrow 1004. The stylet 312 has been removed from the aspiration needle assembly 

300. With the stylet 312 removed, the aspiration cannula 302 forms a channel for 

aspirating fluid tissue, including bone marrow. A syringe 106 is connected to the 

luer connector at the proximal end 310 of the aspiration cannula 302. The distal end 

15 306 of the aspiration cannula 302 substantially extends beyond the distal end 206 of 

the introducer cannula 202. The distal end 306 of the aspiration cannula is placed in 

bone marrow and a fluid path exists from the marrow through the aspiration cannula 

302 into the syringe 106. 	The flexible aspiration assembly travels straight through 

the bone marrow 1004 until deflecting off the cortical bone 1002 opposite the point 

20 of entry into the vertebral body 1000. Upon hitting the cortical bone 1002, the 

aspiration cannula bends and travels along the inside of cortical bone 1002. Since 

the material of the aspiration needle assembly does not take a permanent shape, both 

the flexible stylet and aspiration cannula can be easily removed to perform the 

aspiration. 

25 [0074] 	The introduction of a flexible aspiration cannula however introduces a 

new problem. 	FIG. 6A is a diagram illustrating a flexible aspiration cannula 302 

inserted through skin 116 into bone (cortical bone 112, bone marrow 114) through 

an introducer cannula 202. The flexible cannula bends inside the marrow space 114 

as designed and does permit access to more of the marrow. However, as marrow is 

30 being drawn through the flexible cannula, the cannula is typically pulled back out of 

the bone so as to suction the marrow in different locations. When this is done, the 

bent flexible cannula 302 can catch on the sharp leading edge 206 of the introducer 
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cannula 202. This can lock up the cannulae or lead to skiving of the flexible 

aspiration cannula 302, potentially leaving pieces of the cannula in the patient. 

[0075] 	To avoid this interference of introducer cannula with the flexible cannula, 

embodiments of the invention include features to lock the flexible aspiration cannula 

5 to the rigid introducer cannula as the aspiration cannula is introduced through the 

introducer cannula. As described below, embodiments can include a locking 

mechanism, such as a ratchet-like mechanism, a lead screw mechanism, or a 

combination thereof. In this way, the flexible cannula may be pushed into the bone 

marrow through the introducer cannula. When pulled back out of the bone, the 

10 flexible aspiration cannula and the rigid introducer cannula are locked together and 

will therefore retract together. Since the assembly is retracted, e.g., pulled back, 

together, the flexible aspiration cannula cannot skive on the rigid cannula, yet the 

marrow can be suctioned from the cancellous bone as the aspiration cannula is 

retracted. Since the length of aspiration cannula that is introduced into the bone 

15 marrow space is variable, embodiment of the invention include a locking 

mechanism, e.g., a screw mechanism or ratchet at the handles of the two cannulae, 

which can accommodate differences in penetration length of the flexible cannula. 

[0076] 	Various ratcheting mechanisms between the inner cannula, i.e., aspiration 

cannula and the outer cannula, i.e., introducer cannula, are described such that the 

20 aspiration cannula may enter the bone marrow, but when pulled out, both cannulae 

travel together. 

25 

[0077] 	FIG. 6B and 6C are respective side and sectional views of an introducer 

needle 602 including a locking mechanism 640. The flexible aspiration cannula, 

such as cannula 302 of FIG. 6A, can be made of a polymer, preferably polyimide, 

which can be quite strong and tough. One or more metal teeth 642 are located at the 

introducer cannula 602, e.g., near the introducer handle 604. As shown, the teeth are 

extending into an inside of the cannula 602, where the aspiration cannula is received, 

and are biased in the distal direction (as indicated by the arrow in FIG. 6B), so that 

the flexible aspiration cannula can advance but when pulled back, the teeth 642 dig 

30 into the aspiration cannula to prevent movement in a proximal direction relative to 

the insertion cannula 602. The teeth 642 and the aspiration cannula 302 function as 
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a ratchet mechanism. When the flexible aspiration cannula is pulled out, the 

introducer cannula will pull with it. 

[0078] 	FIG. 7A is a diagram illustrating of an example locking mechanism 

740A that includes a ratchet 742A. In this embodiment, rather than using the 

5 flexible aspiration cannula itself as a ratchet, such as illustrated in FIG. 6B, a 

hypodermic tube 744 is placed over the proximal portion of the aspiration cannula 

722. The hypo tube 744, which need not be flexible, is more robust than the 

aspiration cannula. Either teeth or holes may be cut into the hypo tube 744 to 

permit engagement with a pin at the handle 704 of introducer cannula 702. The pin 

10 may be part of an adaptor 746 that mounts to introducer handle 704. 

[0079] 	FIG. 7B is a diagram illustrating another example locking mechanism 

740B that includes a ratchet mechanism 742B, including a spring loaded pin. As 

shown A release button 748 may be provided to separate the aspiration cannula 722 

from the introducer cannula 702 once the cannulae are removed from the body for 

15 re-use. 

[0080] 	FIG. 8 is a diagram of yet another example locking mechanism 840 that 

includes a ratchet 842 to lock an aspiration cannula 822 to an introducer cannula 

802. In this embodiment, the ratchet mechanism 842 includes an extension 844 that 

extends distally from the aspiration handle 824 and that is configured to mate with 

20 the introducer handle 804. The extension 844 and the introducer handle 802 have 

respective mating ratchet teeth 846, 848. When the aspiration cannula 822 is 

advanced into the introducer cannula 802, the extension 844 locks to the introducer 

handle 804. 

[0081] 	FIGs. 9A-9B illustrate an example aspiration device including an 

25 aspiration needle, including aspiration cannula 922, blunt stylet 924, and introducer 

stylet 912. The aspiration cannula 922 can be made of flexible material, such as 

Nitinol or PEEK, as elsewhere described herein. The introducer stylet 912 includes 

handle 914. Stylet 912 can be made of steel, lending it sufficient stiffness to 

penetrate cortical bone, and typical includes a sharp tip at its distal end 916. The 

30 blunt stylet 924 includes a handle 934 and can be made of flexible material, e.g., 

plastic or Nitinol, as described herein. FIG. 9A shows the introducer stylet 912 

extending through the aspiration cannula 922. The aspiration device also includes a 
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depth guide 950 including a screw mechanism. In this embodiment, the screw 

mechanism includes a lead screw 952 receivable in a threaded receptor 954 at the 

aspiration handle 924. 	The lead screw 952 has a proximal end 951 and a distal end 

953, the proximal end including a handle 958. The distal end 953 is receivable in a 

5 dead-end receptor 956 of the depth guide 950. 

10 

[0082] 	FIG. 9B illustrates the aspiration device of FIG. 9B in an assembled state 

with the introducer stylet 912 removed. The lead screw is configured to turn in 

place in the dead-end receptor 956. By turning the lead screw handle 958, a user can 

cause the handle 924 of the aspiration cannula 922 to advance down the lead screw, 

thereby advancing the aspiration cannula into the marrow space. As shown, the 

depth guide 950 can include a handle 957 which includes a through-hole 959 for 

receiving the cannula 922. The handle 957 can be a snap-on handle that snaps on to 

the cannula 922. The handle 957 may be flatter as illustrated in FIGs. 9A-9B, and 

may be broad, so as to spread force out against the patient (e.g., when a clinician 

15 firmly presses the handle against the patent to advance the cannula 922). A flat 

handle also reduces the possibility of interferences with the aspiration handle 924 as 

the aspiration cannula advances into bone. 

[0083] 	FIG. 10 illustrates an example aspiration device including a flexible 

aspiration cannula 1022, a blunt stylet 1032, a sharp introducer stylet 1012, and a 

20 depth guide 1050. The depth guide is adjustable and coupled to the aspiration 

handle 1024 that is attached to a proximal end of the aspiration cannula 1022. The 

depth guide 1050 is configured to control depth of entry of the aspiration cannula 

1022 into bone, e.g., bone marrow. 

[0084] 	FIG. 11 illustrates the aspiration device of FIG. 10 with the blunt stylet 

25 1032 extending through the aspiration cannula 1022. The distal end 1036 of the 

blunt stylet extends past the distal end 1026 of the aspiration cannula. As shown, 

the depth guide 1050 includes a lead screw 1052 and a threaded tube 1054. A length 

of the introducer cannula that extends beyond a distal end of the depth guide 1050 is 

adjustable by advancing the lead screw 1052 into the threaded tube 1054 or 

30 reversing the lead screw out of the threaded tube. The lead screw 1052 can be 

attached to the introducer handle 1024, as shown. As shown, the lead screw 1052 is 

hollow and the introducer cannula 1022 extends through the hollow lead screw. 
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[0085] 	FIG. 12 is a detailed view of the tapered, distal end 1026 of the 

aspiration cannula 1022, and the distal end 1036 of the blunt stylet 1032 of FIG. 11. 

The aspiration cannula includes multiple holes 1028 along a length of the cannula 

near the distal end 1026. Bone marrow can be aspirated through holes 1028 and 

5 through open distal end 1026, once the blunt stylet 1032 is removed. The aspiration 

cannula can be flexible or include a flexible portion. As described herein, suitable 

materials for a flexible aspiration cannula include PEEK, Nitinol, or other materials. 

FIG. 13 is a detailed view of the sharp tip at the distal end 1016 of the introducer 

stylet 1012 of FIG. 11. 

10 [0086] 	The depth guides described herein, such as depth guide 1050 of FIGs. 10- 

11, which includes a screw mechanism, can serve multiple purposes. The depth 

guide can act as a safety stop when using a mallet for advancing the aspiration 

needle and can provide leverage for advancement. Further, the depth guide can 

provide for controlled aspiration during retrieval of the aspiration cannula from the 

15 bone marrow. 

[0087] 	It will be understood, that devices and methods for aspirating tissue 

described herein may include other ratcheting mechanisms, screw mechanisms, or 

combinations thereof, to advance a flexible cannula or needle into patient (e.g., into 

the marrow space) and/or to lock the flexible needle to an introducer needle (trocar) 

20 for withdrawal of the flexible cannula from the patient, e.g., during aspiration of 

bone marrow. 

[0088] 	For example, one or more ribbon ratchets can be attached to the flexible 

aspiration needle handle. The ribbon(s) can be similar to a tie wrap in that each 

ribbon has teeth to permit unidirectional movement. One or more mating slots in the 

25 introducer needle handle accept the ribbon(s). As the flexible aspiration needle is 

advanced, the ribbon ratchets forward. When a user pulls back (distally) on the 

flexible aspiration needle handle, the introducer cannula moves comes back with the 

aspiration cannula. In another example, the ribbon can be reversed such that the 

ribbon(s) pass through the flexible aspiration cannula handle. For example, the 

30 ribbon ratchet(s) can be pre-attached to the aspiration handle and include a locking 

ring. When the aspiration cannula is advanced through the introducer cannula, the 

locking ring locks the ribbon(s) to the introducer cannula handle. 
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[0089] 	In one embodiment, the screw mechanism includes a lead screw in a 

threaded receptor at the aspiration handle, the lead screw having a proximal end and 

a distal end, the proximal end including a handle, the distal end receivable in a dead-

end receptor at the introducer handle. 

5 [0090] 	Some embodiments include two aspiration needles (also referred to 

herein as double needle design(s)), a flexible needle or cannula (inner needle) that is 

inserted through a stiff introducer needle or trocar (outer needle). The flexible 

needle can be advanced, for example, into bone marrow space, through the stiff 

needle to a variable distance using a ratchet or screw mechanism. Both needles can 

10 be locked together and pulled out together, e.g., pulled out of the bone marrow 

space. Aspiration of tissue, e.g., bone marrow, is through the flexible needle (inner 

needle) and preferably while the needles are being pulled out. 

[0091] 	Some embodiments include one aspiration needle (also referred to herein 

as single needle design(s)), which preferably is a flexible needle or cannula. The 

15 flexible needle can be advanced, for example, into bone marrow space, to a variable 

distance using a ratchet or screw mechanism. The flexible needle is advanced 

relative to a plate or handle that is positioned against body of the patient, the flexible 

needle being advanced through a hole in the plate or handle. The plate or handle 

may be pre-assembled with the flexible needle and can couple, for example, to the 

20 handle of the flexible needle via a snap-on fit. 

[0092] 	Described herein are improvements to the double needle device to 

harvest bone marrow previously described in International Application No. 

PCT/US2010/036696. The previously described aspiration device included a stiff 

sharp first needle that is used to penetrate the hard outer bone (cortical bone) and a 

25 second blunt, flexible needle is used to travel through the spongy trabecular bone. 

Hand force would be used to advance the second flexible aspiration needle through 

the cannula of the first needle and into the trabecular bone space. Upon testing, it 

was observed that while the trabecular bone is not as hard as the cortical bone, it can 

still be too hard to allow advancement of the aspiration needle by hand. In fact, a 

30 hammer may often be required to drive the second needle through the trabecular 

bone space. Hammering the aspiration needle can lead to problems such as the 

needle becoming lodged (stuck) inside the bone, or advancing too far, through the 



WO 2014/070804 	 PCT/U82013/067358 

- 19 - 

back side of the cortical bone potentially hitting soft tissue. An improved aspiration 

system is described below that allows the second, flexible needle to advance through 

the trabecular bone without hammering. 

[0093] 	FIG. 14A illustrates another example aspiration device including an 

5 aspiration needle 1420, a locking mechanism 1440 including a screw mechanism, 

and an introducer needle 1400, including a depth guide 1450. 

[0094] 	FIG. 14B illustrates the aspiration needle 1420 and introducer needle 

1400 of FIG. 14A with the blunt stylet inserted into the aspiration cannula and the 

introducer stylet inserted into the introducer cannula. 

10 [0095] 	Locking mechanism 1440 includes a lead screw 1442 in an outer tube 

1444 forming a screw advance mechanism to advance the flexible aspiration cannula 

1422 into the bone marrow under controlled means. The outer tube 1444 attaches at 

its distal end to the handle 1404 of the bone marrow needle 1400 via a luer lock 

connector 1446. Outer tube 1444 is threaded. The threaded tube engages with the 

15 threaded guide or lead screw 1442. The flexible aspiration cannula 1422 passes 

through the outer tube 1444 and through the threaded guide (lead screw) 1442 which 

is hollow. 

[0096] 	In operation, the flexible aspiration needle 1420 is passed into the 

marrow needle 1400 (rigid cannula) and the outer tube 1444 is locked to the marrow 

20 needle via the luer connector 1446. The handle 1424 of the aspiration needle is then 

turned, e.g., clockwise, to advance the flexible aspiration cannula 1422 into the 

marrow space. When advanced tot the desired depth, an aspiration syringe is 

attached to the handle luer fitting 1430. The syringe is aspirated while the entire 

assembly is slowly withdrawn from the patient by pulling on the handle 1424. The 

25 flexible aspiration needle 1420 and marrow needle 1400 thereby withdraw from the 

patient together. 

[0097] 	The advantage of the screw mechanism 1440 is that the flexible 

aspiration needle 1420 is slowly advanced in the bone marrow in a controlled 

fashion as compared to advancement with a hammer or pushing motions. 

30 [0098] 	The outer tube 1444 may be made of ABS, polycarbonate (PC) or other 

rigid polymers. The threaded guide (lead screw) 1442 may be made of stainless 
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steel, polycarbonate (PC) or other rigid polymers. The flexible aspiration cannula 

1422 made be made of PEEK, or other suitable materials described herein. 

[0099] 	As described, the outer tube 1444 includes a luer lock connector or fitting 

1446 at its distal end for coupling to luer lock connector 1410 at the handle of the 

5 marrow needle 1400 (rigid cannula). Luer lock connectors or fittings can be 

securely joined by means of a tabbed hub on the female fitting, e.g., the rigid 

cannula, which screws into threads in a sleeve on the male fitting, e.g., the outer 

tube. In addition, luer connectors or fittings feature a taper for making a leak-free 

connection between a male-taper fitting and its mating female part. Other suitable 

10 connectors or fittings may be used to couple and lock the outer tube to the marrow 

needle (rigid cannula). 

[00100] 	An example double needle aspiration system includes the following 

elements: 

1001011 	An 11 gauge (or 8 gauge) bone marrow aspiration cannula with sharp 

15 stylet (introducer needle) and a depth guide; 

[00102] 	A 13 gauge (or 11 gauge) bone marrow aspiration cannula with blunt 

stylet (flexible aspiration needle) and a depth guide; and 

[00103] 	A 30 ml vacuum lok syringe. 

20 

[00104] 	FIG. 14C is a detailed view of the depth guide 1450 of FIG. 14A, 

including the lead screw 1452 and threaded tube 1452. 

[00105] 	FIG. 14D illustrates the introducer cannula 1402 of FIG. 14A with the 

depth guide 1450 in an extended position exposing a short length of the introducer 

cannula. 

[00106] 	FIG. 14E illustrates the introducer cannula of FIG. 14D with the depth 

25 guide in a retracted position exposing a greater length of the introducer cannula. 

[00107] 	The first or introducer cannula 1402 with sharp stylet 1412 is typically 

short so as to only penetrate the cortical bone and not to penetrate very deep into the 

trabecular bone. The cannula 1402 can be approximately 3.5-8.0 inches in length 

preferably about 5 inches in length. The cannula can be 11 gauge in diameter (0.12 

30 inches outer diameter), and can have an adjustable depth guard 1450 (also referred 

to as a guide, depth guide or depth gauge) that helps control the depth of entry into 

the bone from, for example, 1 to 8 inches. The needle and stylet fit through a center 
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hole or channel of the depth guard 1450 with the sharp end of the stylet protruding 

from the distal end. The proximal end of the depth guard 1450 is attached to the 

handle. The depth guard includes a lead screw 1452 that mates with a threaded tube 

1454. Advancing or reversing the lead screw 1452 into the threaded tube 1454 

5 adjusts the amount of exposed cannula 1402 beyond the distal end of the guard 

1450. The distance the cannula can travel into the bone space is thus adjusted by the 

length of the exposed cannual beyond the distal end of the guard. The distal end 

1416 of the sharp stylet 1412 is exposed at the distal end of the cannula. Using a 

twisting motion, the user advances the cannula 1402 through the cortical bone and 

10 into the marrow space. 

[00108] 	In an example embodiment, the introducer needle 1400 is comprised of a 

stainless steel cannula 1402 with a molded plastic handle 1404, and a stainless steel 

stylet 1412 with a molded plastic handle 1414 which mates with the cannula handle 

1404 when the stylet 1412 is inserted through the cannula 1402. The introducer 

15 needle has a sharpened cannula and stylet that are used to penetrate the outer cortical 

bone. The adjustable depth guide 1450 coupled to the introducer needle allows the 

user to adjust the depth to which the needle will advance into the bone space. The 

length of introducer cannula that extends beyond the distal end of the depth guide 

represents the furthest distance that the needle can penetrate before being stopped by 

20 the depth guide. 

[00109] 	FIG. 14F illustrates the aspiration device of FIG. 14A with the aspiration 

needle 1420 extending through the introducer needle 1400 and the screw mechanism 

1440 in an extended position. As shown, the aspiration cannula does not extend 

beyond the distal end 1406 of introducer cannula 1402. 

25 [00110] 	FIG. 14G is a detailed view of the aspiration device of FIG. 14F 

illustrating the attachment of the screw mechanism 1440 of the aspiration needle to 

handle 1404 of the introducer needle via luer connector 1446. 

[00111] 	FIG. 14H illustrates the aspiration device of FIG. 14A with the aspiration 

cannula 1422 extending through the introducer cannula 1402 and the screw 

30 mechanism 1440 in a retracted position. 
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[00112] 	FIG. 141 is a detailed view of the aspiration device of FIG. 14H 

illustrating the aspiration cannula 1422 extending beyond the distal end of the 

introducer cannula 1402. 

[00113] 	FIG. 14 J illustrates the aspiration device of FIG. 14A with the aspiration 

5 needle 1420 coupled to the introducer needle1400, the stylets 1412 and 1432 

removed, and a syringe 106 connected to the handle 1424 of the aspiration needle. 

[00114] 	The flexible aspiration cannula 1422 is typically longer than the 

introducer cannula 1402, for example by about 1-8 inches, preferably by about 4 

inches. In the example shown, the cannula 1422 is 13 gauge in diameter and fits 

10 coaxially through the cannula 1402 of the introducer needle, which is a 11 gauge 

cannula. The flexible aspiration needle also has an adjustable depth guard or guide 

(screw mechanism 1440) that helps control the depth of entry into the bone. As 

shown, the aspiration cannula 1422 is closed at the distal (insertion) end and has a 

blunt tip (see also FIG. 17A). The aspiration cannula and stylet fit through the 

15 center hole or channel of the depth guard (screw mechanism 1440) with the distal 

end of the aspiration cannula protruding from the distal end of the guard (screw 

mechanism). The proximal end of the depth guard (screw mechanism 1440) is 

attached to the handle 1424. The depth guard includes a screw mechanism having a 

lead screw 1442 that mates with a threaded tube 1444. The distal end of the 

20 threaded tube has a luer connection. The initial amount of exposed needle beyond 

the distal end of the depth guard for the second (flexible aspiration) needle is equal 

to the length of the cannula of the first (introducer) needle. When the stylet of the 

first needle is removed, the second needle is inserted coaxially into the cannula of 

the first needle, and the tip of the second needle ends approximately at the distal end 

25 of the cannula for the first needle. The depth guard of the second needle attaches to 

the luer fitting of the handle of the first needle. This is accomplished by connecting 

the threaded luer connections on the handle of the first needle to the luer connection 

on the bottom of the threaded tube of the second needle. Twisting the handle in a 

clockwise direction advances the lead screw into the threaded tube, which in turn 

30 adjusts the amount of exposed flexible aspiration needle beyond the distal end of the 

first 11 gauge needle cannula. The distance the aspiration needle can travel into the 

bone space, beyond the distance traveled by the introducer cannula, is thus adjusted 
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by the depth guard (screw mechanism 1440) of the aspiration needle. This may be 

varied, for example, from 0 up to 8 inches. 

[00115] 	FIG. 15A and 15B are respective front and side views of an example 

introducer needle 1500 including introducer cannula 1502 attached to handle 1504 

5 and introducer stylet 1512 attached to stylet handle 1514. The stylet 1512 extends 

through introducer handle 1504 and cannula 1502. The stylet 1512 includes a sharp 

distal tip 1516 that extends beyond the distal end 1506 of introducer cannula 1502. 

FIG. 15C is a detailed view of the tip 1516 of the introducer stylet 1512 of FIG. 

15B. 

10 [00116] 	FIG. 15D is a view of the introducer needle 1500 including a depth guide 

1540, which is similar to depth guide 1450 described above in reference to FIG. 14. 

FIG. 15E is a side view of the introducer cannula of FIG. 15D including a protective 

sheath 1580 placed over introducer cannula 1502 for packing purposes. 

[00117] 	FIGs. I6A-16C are respective side, sectional and perspective views of an 

15 example aspiration needle 1600 including a screw mechanism or depth guard 1640. 

In the example shown, the flexible aspiration needle 1600 includes a stainless steel, 

blunt closed-end cannula 1622, a molded plastic handle 1624, and a stainless steel 

stylet with a molded plastic handle 1634 which mates with the cannula handle 1624 

when the stylet is inserted through the cannula 1622, as shown. The aspiration 

20 needle has a cannula 1622, e.g., a 13 gauge cannula, that has a fenestrated hole 

pattern (e.g., see FIG. 17A) a closed blunt tip 1626. Aspiration needle can be used 

to aspirate marrow from the spongy trabecular bone space. Flexibility of the flexible 

cannula 1622 may be achieved in various ways. For example, the flexible cannula 

may include reliefs cut into the cannula to adjust flexibility, alternatively, the 

25 cannula may be formed from PEEK (polyether ether ketone). 

[00118] 	FIGs. 17A-17B are respective front and side views of a distal end of 

aspiration cannula 1622 including a blunt tip 1626 at the distal end and plural side 

holes 1628. The aspiration cannula extends through the distal end 1506 of 

introducer cannula 1502. The aspiration cannula 1622 can contain holes at its distal 

30 end, as shown, or along some portion or all of its length. The holes are where 

marrow is suctioned from. In the example shown, the holes 1628 are arranged in 

two rows on opposite sides of the aspiration cannula. The holes are evenly spaced in 
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each row by a distance L4, but holes in one row are offset from those of the other 

row by the difference in lengths L2 and L3. It is contemplated that the hole size can 

vary so that the pressure created for each hole is approximately the same. Thus 

holes at the distal end (furthest from the handle) can be larger than holes on the 

5 proximal end (closest to the handle). The intent of this is to enable suctioning of 

marrow evenly along the length of the cannula. Alternatively, the holes may be the 

same size, as illustrated in FIG. 17B. Alternatively, holes may be only at the distal 

end of the cannula and marrow is suctioned as the cannula is withdrawn from the 

patient. 

10 100119] 	FIG. 18A-18C illustrate an example aspiration devices that includes a 

wire wound tube 1821 as an aspiration cannula1822. The entire length of the 

cannula 1822 may be formed of wire wound tube 1821 or only a portion thereof. 

For example, a portion of the aspiration cannula 1822, e.g., a proximal portion, may 

be a solid wall cannula to which a wire wound portion is welded or attached by other 

15 suitable means. The aspiration device of FIG. 18A includes an introducer needle 

including an introducer cannula 1802 attached at its proximal end to an introducer 

handle 1804. A depth guide 1850, similar to the depth guide described in reference 

to FIG. 14, is coupled to the handle 1804. The depth guide includes a lead screw 

1852 and a threaded tube 1854. As shown, an aspiraction needle including 

20 aspiration cannula 1822 and handle 1824 is connected to the introducer needle 1804 

via luer connector 1846 of screw mechanism 1840. Screw mechanism 1840 

includes a threaded receptor 1844 , e.g., a threaded tube, and a lead screw 1842, 

similar to the locking mechanism described in reference to FIG. 14 above. As 

shown, a syringe 106 can be connected to a luner connector of handle 1824. The 

25 device includes air-tight seals at the connection of the lead screw 1842 to the handle 

1824, the coupling (threads) of the lead screw to the threaded tube 1844, and at luer 

connection 1846 to the introducer handle 1804. FIG. 18C illustrates the use of 

sealing tape 1843 to make the coupling of lead screw 1842 to tube 1844 airtight. 

FIG. 18B illustrates a detailed view of the wire wound tube of cannula 1822. For 

30 example, the outer diameter of the tube can be 0.087 inches, the inner diameter 

0.060 inches and the lenth of the tube can be 13.5 inches. The wire 1823 can be 

wire part # 305V steel, and can be wound in a left hand lay. 
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[00120] 	The wire wound tube 1821 can have a winding in one direction and the 

locking mechanism (screw mechanism 1840) can be configured to allow the 

aspiration cannula 1822 to be withdrawn from the bone marrow by turning the 

aspiration handle in a direction opposite to direction of the winding, whereby the 

5 wire wound tube is tightened as the aspiration cannula is withdrawn. 

[001211 	Embodiments of the bone marrow aspiration device described herein 

allow for the controlled penetration and aspiration of bone marrow. The bone 

marrow can be mixed with autograft, synthetic bone and/or allograft bone of the 

surgeon's choosing prior to the application to a bony defect. 

10 [001221 	In one example, the bone marrow aspiration device comprises a 

procedure pack including the following components: two sterile needles with 

attached guides, and a vacuum syringe 106. Each of the needles are single use and 

comprised of a stainless steel cannula with a molded plastic handle, and a stainless 

steel stylet with a molded plastic handle which mates with the cannula handle when 

15 the stylet is inserted through the cannula. 

[001231 	FIG. 19 illustrates insertion of the aspiration device of FIG. 14J into a hip 

bone 1902. Starting with the introducer needle 1400, the user adjusts the height of 

the depth guard 1450 to determine the desired depth which they want the needle to 

advance. As described above, the introducer needle includes a cannula with a sharp 

20 tip and a stylet with a sharp point. After determining the appropriate depth, and 

while holding the mated handles, the user rotates the introducer needle using a 

screw-like motion while applying pressure on the bone. The needle bores into the 

marrow cavity until the guide is against the skin. Once through the bone, the 

introducer stylet is removed, which exposes a standard luer connection attached to 

25 the hollow cannula. The user may at this point attach a syringe to the introducer 

needle and, applying negative pressure, may aspirate the marrow. Typically, the 

user then inserts the flexible aspiration needle through the cannula of the introducer 

needle. The distal end of the depth guide (screw mechanism) on the flexible 

aspiration needle 1420 has a luer connector that secures the depth guide to the luer 

30 hub of the handle of the introducer needle, as described above. At this point the tip 

of the flexible aspiration needle is inside the cannula of the introducer needle and the 

depth guard of the flexible aspiration needle is attached to the luer hub of the 
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introducer needle. While holding the mated handles of the flexible aspiration needle 

with one hand and the bottom end of the depth gauge closest to the handle of the 

introducer needle, the user twists the needle clockwise while applying downward 

pressure on the bone. This forces the lead screw of the depth gauge on the flexible 

5 aspiration needle 1420 to advance causing its distal end to advance through the 

trabecular bone. After the flexible aspiration needle 1420 has advanced a sufficient 

distance as determined by the clinician, the user then removes the blunt stylet, 

attaches a syringe 106 to the flexible cannula luer hub, and applying negative 

pressure, aspirates the marrow. 

10 [00124] 	In one example, the entire length of the cannula of the flexible aspiration 

needle that can penetrate the bone space has a fenestrated hole pattern, as for 

example describe above in reference to FIG. 16. The negative pressure applied by 

the clinician allows marrow aspirate to flow through each of these holes. This 

allows for a broader sampling of marrow. The clinician can rotate the flexible 

15 cannula (e.g., by 90° or 180°) to increase the sampling area or region. The clinician 

can also retract the depth guide while aspirating the marrow by turning the handle of 

the flexible aspiration needle counter clockwise, to gain an even more diverse 

sample of marrow aspirate. 

[00125] 	Embodiments of double-needle aspiration systems described herein have 

20 many advantages. The depth-guard of depth guide of flexible aspiration needle 

connects to the handle of the inroducer needle via a luer connection. The screw 

mechanism of the depth guard in combination with the luer connection provide for 

an air-tight fit. This allows the flexible aspiration needle to have holes along its 

length without risking aspiration of air, something that cannot be done with a 

25 traditional aspiration needle. Here, if any holes are not located in bone marrow, 

those holes are located within the air-tight space of the depth guard. Furthermore, 

having holes run along a length of the flexible cannula removes the need to 

withdraw the flexible cannula during aspiration in order to collect bone marrow 

from a larger area. Advantageously, this can result in a higher count of target cell 

30 (e.g., stem cells). One reason for a higher cell count is that there is less dilution of 

the aspirate with peripheral blood when the aspiration needle (i.e., flexible needle) is 

not withdrawn during aspiration. With the improved aspiration system described 
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here, one can achieve a higher target cell yield (e.g., cells/ml of aspirate) than using 

tradition aspiration approaches. The target cell yield with the present system may be 

comparable to what otherwise can only be achieved through additional cell 

concentration. 

5 [00126] 	One prototype flexible aspiration needle system was evaluated on the 

bench in a fresh pig thigh bone. The introducer needle included a depth guide that 

can adjust the length of introducer needle exposed during the initial entry through 

the cortical bone. The flexible aspiration needle was inserted through the introducer 

needle and advanced by threading the handle of the aspiration needle clockwise. 

10 The two needles connect by a luer fitting at the introducer handle. 

[00127] 	The pig thigh has a very tough cortical bone, a spongy cancellous bone 

layer and then fat in the middle. In use, the introducer needle was first passed 

through the cortical bone by manually pushing the needle into the bone or with 

tapping of a hammer. The depth guide was set so that once the introducer needle 

15 passed through the cortical bone, it did not continue further. The introducer cannula 

was placed at an angle so that the flexible aspiration needle could then be advanced 

into the bone core. 

[00128] 	Once the introducer needle was in place, the flexible aspiration needle 

was then threaded through it. The aspiration cannula was coupled to the introducer 

20 cananula using a screw mechanism, such as the screw mechanism described above 

in reference to FIGs. 14A-14J. It was easy to feel when the flexible aspiration 

needle was passing through the cancellous bone, and when it then hit the other side 

of the bone. It was then possible to continue to advance the flexible aspiration 

needle by screwing it in until it hit the other side of the bone. Then, one could feel 

25 the flexible aspiration needle scraping the bone. The example flexible aspiration 

needle used was stainless steel and had no aspiration holes drilled into it so it was 

quite stiff. Even so, during use, it bent so that it followed the bone pathway. When 

removed, the flexible aspiration needle had taken a permanent set. However, it was 

still possible to unscrew the flexible aspiration needle and withdraw it through the 

30 introducer cannula. 

[00129] 	The depth guide allows for controlled entry through the cortical bone. 

Advancing the flexible aspiration needle with the screwing motion was controlled 
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and allowed the user to feel when the aspiration needle was in cancellous bone or 

when it is hitting cortical bone. When advancing the flexible aspiration needle, the 

user needs to hold the depth guide against the bone or the needle assembly may back 

out. The stainless steel flexible aspiration needle did not include holes in the 

5 cannula and tended to be stiff. Including holes in the stainless steel cannula can 

allow the cannula to bend more. Alternatively, an aspiration cannula made from 

another material, such as nitinol tubing, may be used. 

[00130] 	The bench testing demonstrated that the flexible aspiration needle can be 

advanced into the trabecular bone space by engaging the screw mechanism (upper 

10 depth guide) and screwing the aspiration needle into the bone. The bottom depth 

guide can serve as a stop to keep the introducer needle from advancing even though 

there is downward pressure due to the aspiration needle being screwed in downward. 

This controlled manner of causing the aspiration needle to advance into bone 

marrow eliminates the need for hammering. 

15 [00131] 	FIG. 20A illustrates an aspiration device, including an introducer cannula 

2002, introducer stylet 2012, aspiration cannula 2022, and depth guide 2040, 

according to an example embodiment of the invention. The depth guide 2040 

includes a lead screw 2042 and a threaded tube 2044, similar to the depth guides 

1050 and 1450 described in reference to FIGs. 10, 11 and 14. FIG. 20D is a detailed 

20 view illustrating the distal end of the introducer cannula 2002 of FIG. 20A. The 

introducer cannula 2002 includes plural holes 2070. The holes can be near the distal 

end 2006 of the introducer cannula 2002, for example along one ore more sides of 

the introducer cannula, as shown. FIG. 20B is a detailed view of the distal end of 

the aspiration cannula 2022 of FIG. 20A. The aspiration cannula 2022 can include a 

25 cutout 2072 alignable with at least one of the plural holes of the introducer cannula 

(see also FIG. 22C). In one example, the distal end of the aspiration cannula is 

configured to close the opening of the distal end of the introducer cannula (see FIG. 

22B). The aspiration needle can include a connector 2046, e.g., a luer connector, to 

couple to the introducer needle 2004 in an air-tight manner. FIG. 20C is a detailed 

30 view of the distal end 2016 of the introducer stylet 2012 of FIG. 20A illustrating the 

sharp tip to penetrate bone. 
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[00132] 	FIG. 21A illustrates the assembled needle including introducer stylet 

2012 and introducer cannula 2002 of FIG. 20A, including depth guide 2040. FIG. 

21B is a detailed view of the distal end 2006 of the introducer needle of FIG. 21A 

illustrating the sharp tip at the distal end 2016 of introducer stylet. 

5 [00133] 	FIG. 22A illustrates the assembled aspiration device of FIG. 20A with 

the aspiration cannula inserted through the introducer cannula. FIG. 22B is a 

detailed view of the distal end of the aspiration device of FIG. 22A illustrating the 

distal end 2026 of the blunt aspiration cannula closing the distal end of the 

introducer cannula 2002. 	FIG. 22C is a sectional view of the distal end of the 

10 aspiration device of FIG. 22A illustrating cutout 2072 aligning with at least one of 

the holes 2070 in cannula 2002. 

[00134] 	In the case of marrow aspiration from the iliac crest, if the general 

procedure performed from a posterior approach such as in spinal fusion (i.e. with the 

patient lying on side or stomach), accessing the iliac crest is generally not 

15 problematic. However, if the surgery is performed from an anterior position such as 

hip replacement (i.e., patient lying on back), then accessing the iliac crest is more 

problematic as the bone tends to curve from front to back. Surgeons often flip the 

patient to gain better access to the bone. The bone marrow aspiration apparatus 

disclosed herein will allow safe access to the spongy bone from the front, because 

20 the shorter introducer needle assembly, such as introducer assembly 200, is not long 

enough to puncture the other side of the iliac bone. The longer aspiration needle 

assembly, such as assembly 300, does not have the strength to puncture cortical bone 

but will travel through marrow. Thus, iliac bone marrow aspirations can be 

performed when the patient is on his or her back, saving the inconvenience, cost, and 

25 additional safety and sterility complications of flipping the sedated patient. 

[00135] 	Embodiments of the current invention can be used for bone marrow 

aspiration to allow a surgeon the ability to 1) access the iliac bone from an anterior 

position, 2) draw larger volumes of marrow from along the narrow long cavity of the 

iliac bone, 3) reduce the risk of pushing the needle assembly through the other side 

30 of the bone and causing unnecessary trauma, and 4) reduce the number of punctures 

needed to get a volume of marrow. 
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[00136] 	A feature of the aspiration needle assembly 300 is that its persistence of 

length is such that it will not take a sharp turn when initially deployed through the 

introducer cannula. For example, the stiffness of the combined aspiration needle 

assembly 300 may be such that for the first quarter inch of travel beyond the distal 

5 end of the introducer cannula 202, the aspiration needle assembly will not bend 

more than 10 degrees with manual force and it will not penetrate cortical bone. The 

persistence in length of the aspiration cannula may be such that the maximum angle 

of deflection for the first 0.5 inch segment of the aspiration cannula that extends 

beyond the distal end of the introducer cannula is between 0 and 30 degrees. The 

10 persistence in length prevents the edge of the distal end of the introducer cannula 

202, through which the flexible needle assembly 300 is deployed, from shaving off a 

portion of the outer surface of the flexible aspiration cannula 302 when the 

aspiration cannula is being pulled back out of the marrow space. 

[00137] 	In one embodiment, the stiffness of the stylet, such as stylet 312 of FIG. 

15 3, varies along the length of the stylet. In addition, the diameter of the stylet 312 

may vary along the length of the stylet to vary the stiffness of the stylet. For 

example, the stylet may have a larger diameter near its distal end as compared to 

mid section of the proximal end of the stylet. The diameter of the stylet, however, 

may not be larger than the smallest inner diameter of the aspiration cannula 302. 

20 [00138] 	Embodiments of the invention have been described for use in bone 

marrow aspiration. However, embodiments can be used to aspirate as well as 

deliver medicine, biologics or other therapy in various tissues. The aspiration device 

features a double needle assembly. The first or introducer needle assembly, such as 

assembly 200 of FIG. 2, is stiff enough to make an initial penetration of outer tissue 

25 to reach certain targeted subcutaneous tissue. The second, flexible needle assembly, 

such as assembly 300 of FIG. 3, fits coaxially through the cannula of the first needle 

assembly. As for example described above in reference to FIG. 5, the aspiration 

needle assembly can have a stiffness sufficient to pass through certain less stiff 

target tissue but does not have the stiffness to penetrate other, stiff tissue 

30 surrounding the target tissue. With respect to the aspiration needle assembly 300, it 

has enough flex and the aspiration cannula is sufficiently lubricious that the stylet 

312 can be removed from the cannula 302 even when both are significantly bent. 
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[00139] 	Besides bone tissue, various other tissues have different stiffness. For 

example, tendons and ligaments are stiffer than adipose tissue. Clinicians have a 

need to both deliver and aspirate various fluids. Embodiments of the present 

invention can be adapted for specific uses. For example the introducer needle 

5 assembly 200 can have a stiffness that will penetrate the intra-articular space in a 

joint. The flexible aspiration needle assembly 300, when deployed through the first 

needle, can have stiffness such that it will penetrate synovial fluid but not other 

tissue, such as a ligament tissue. The longer, flexible aspiration needle assembly 

300 will not take a set so that it can be easily retrieved through the introducer 

10 cannula. Thus the aspiration needle assembly 300 can be used to gain access to a 

substantial cross section of underlying tissue to deliver therapy through the hollow 

aspiration cannula with only one external puncture that is made by the introducer 

needle assembly 200. Another example could be to use the introducer needle 

assembly to gain access to the femur and use the aspiration needle assembly to travel 

15 up the length of the femur to the femoral head. Medication or cells could be 

delivered through the cannula of the aspiration needle assembly under the femoral 

head for example, in the treatment of osteonecrosis. 

[00140] 	Various materials can be used to make the aspiration needle assembly 

300, including the long stylet 312 and aspiration cannula 302. In the case of marrow 

20 aspiration, the aspiration needle assembly is preferable be stiff enough to penetrate 

trabecular bone, including bone marrow, but flexible enough to bend without taking 

a set, i.e., without kinking or permanently deforming, when it comes into contact 

with cortical bone. The longer flexible aspiration cannula also needs to be able to 

bend without taking a set while traveling back along the path created during 

25 insertion. If the aspiration cannula collapses, kinks, etc. while being retracted along 

the path created during insertion, aspiration will not be possible or will be greatly 

reduced. 

[00141] 	The stylet and cannula of the aspiration needle assembly, such as stylet 

314 and cannula 302 of FIG. 3, can be made from various materials including 

30 plastics, polytetrafluoroethylene (PTFE), polyetheretherketon (PEEK), or metal, 

including spring steel or shape memory metal. Various prototypes have been made 

from these different materials. The materials in combination and individually can be 
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selected to have a desired flex and elasticity specific to the particular application. 

The purpose of the description is not to limit the choice of materials but to give an 

example of types of material that work. The introducer cannula, such as cannula 

5 

202 of FIG. 2, may include any combination of stainless steel, titanium, spring steel, 

and nickel titanium. 

[00142] 	The teachings of all patents, published applications and references cited 

herein are incorporated by reference in their entirety. 

[00143] 	While this invention has been particularly shown and described with 

references to example embodiments thereof, it will be understood by those skilled in 

10 the art that various changes in form and details may be made therein without 

departing from the scope of the invention encompassed by the appended claims. It 

should also be appreciated that the various technical features of the embodiments 

that have been described may be combined in various ways to produce numerous 

additional embodiments. 

15 
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CLAIMS 

What is claimed is: 

1.  A bone marrow aspiration device comprising: 

an introducer needle including 

an introducer cannula having a proximal end and a distal end, each 

end including an opening, 

an introducer handle connected to the proximal end of the introducer 

cannula, and 

a removable introducer stylet having a proximal end and a distal end, 

the stylet extending through the introducer cannula from the 

cannula handle, the distal end of the stylet extending beyond 

the distal end of the introducer cannula and including a sharp 

tip to penetrate bone; 

an aspiration needle receivable in the introducer cannula when the introducer 

stylet is removed from the introducer needle, the aspiration needle including 

an aspiration cannula having a proximal end and a distal end, the 

proximal end including an opening and the distal end being 

closed, the aspiration cannula forming a channel for aspirating 

bone marrow, and 

an aspiration handle connected to the proximal end of the aspiration 

cannula; and 

an adjustable depth guide coupled to the introducer handle, the depth guide 

configured to control depth of entry of the introducer cannula into bone. 

2. The aspiration device of claim 1, wherein the introducer cannula includes 

plural holes. 

3. The aspiration device of claim 2, wherein the holes are near the distal end of 

the introducer cannula. 
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4.  The aspiration device of claim 2, wherein the aspiration cannula includes a 

cutout alignable with at least one of the plural holes of the introducer 

cannula. 

5.  The aspiration device of claim 4, wherein the distal end of the aspiration 

cannula is configured to close the opening of the distal end of the introducer 

cannula. 

6.  The aspiration device of claim 1, wherein the aspiration needle includes a 

introducer connector to couple to the 	needle in an air-tight manner. 

7.  The aspiration device of claim 1, wherein the depth guide includes a lead 

screw and a threaded tube, whereby a length of the introducer cannula that 

extends beyond a distal end of the depth guide is adjustable by advancing the 

lead screw into the threaded tube or reversing the lead screw out of the 

threaded tube. 

8.  The aspiration device of claim 7, wherein lead screw is attached to the 

introducer handle. 

9.  The aspiration device of claim 7, wherein the lead screw is hollow and the 

introducer cannula extends through the hollow lead screw. 

10.  The aspiration device of claim 1, wherein the depth guide is configured to 

provide controlled aspiration during retrieval of the aspiration cannula from 

the bone. 

11.  The aspiration device of claim 1, wherein the aspiration cannula includes a 

port in fluid communication with the channel for aspirating bone marrow, the 

port being near the distal end of the aspiration cannula. 
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12. The aspiration 

along a length 

device of claim 

of the aspiration 

11, wherein 

cannula. 

the port includes pluml side ports 


