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DEVICES AND METHODS FOR ACCESSING 
THE EPIDURAL SPACE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. No. 60/872,317 ?led Dec. 1, 2006 
titled “A Device to Access the Epidural Space,” the entirety of 
Which is incorporated herein by reference. 

INCORPORATION BY REFERENCE 

[0002] All publications and patent applications mentioned 
in this speci?cation are herein incorporated by reference to 
the same extent as if each individual publication or patent 
application Was speci?cally and individually indicated to be 
incorporated by reference. 

FIELD OF THE INVENTION 

[0003] This invention relates generally to the ?eld of anes 
thesia and epidural anesthesia devices to provide access to the 
epidural space. 

BACKGROUND OF THE INVENTION 

[0004] Epidural anesthesia blocks pain sensation at nerve 
roots that branch directly from the spinal cord by bathing 
them With local anesthetic agents delivered to the epidural 
space, a small space adjacent to the outer protective covering 
of the spinal cord. This route of anesthetic delivery provides 
an effective method for pain control during childbirth, major 
surgery, and chronic back pain. HoWever, accessing the epi 
dural space to administer anesthetic remains challenging due 
to its small siZe and proximity to the spinal cord. The cur 
rently accepted method of blindly accessing the epidural 
space With a straight needle is often a time consuming process 
of trial and error that carries a complication rate of 2-20%. 
The excessive time demands of placement and threat of com 
plications result in hesitation and underutiliZation of epidural 
anesthesia. Less than half of the 7 million obstetric and sur 
gical patients eligible for epidural anesthesia receive it. 
[0005] Epidural anesthesia is a block on pain sensation at 
the location of the nerve roots Which exit bilaterally from the 
spinal cord at each vertebral level. Once the needle or a small 
catheter is positioned appropriately, local anesthetic such as 
lidocaine is injected into the epidural space to bathe the spinal 
nerve roots, resulting in loss of pain sensation. Epidural anes 
thesia has been demonstrated to reduce stress response to 
surgery, to decrease intraoperative blood loss, to loWer post 
operative incidence of thromboembolic events, and to 
decrease morbidity and mortality in high-risk surgical 
patients. (See Bernards CM “Epidural and Spinal Anesthe 
sia”. Clinical Anesthesia, 5th Edition. Ed. Barash P G, Cullen 
B F, Stoelting R K. Philadelphia: Lippincott Williams & 
Wilkins, 2006). In addition, a catheter can be left in the 
epidural space for up to 5 days to provide continuous pain 
management in the postoperative setting, Where epidural 
anesthesia has been demonstrated to be more effective in 
enabling rapid patient mobiliZation and earlier return of 
digestive function than other pathWays for administering pain 
medications. (See Chandraskhar S and Pian-Smith M C. 
“Spinal, Epidural, and Caudal Anesthesia” Clinical Anesthe 
sia Procedures of the Massachusetts General Hospital, 6th 
Edition. Ed: Hurford W E, Bailin M T, Davison J K, Haspel K 
L, RosoW C, Vassallo S A; Department of Anesthesia and 
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Critical Care, Massachusetts General Hospital. Philadelphia: 
Lippincott Williams & Wilkins, 2002). 
[0006] Accessing the epidural space can be extremely chal 
lenging. The epidural space is a potential space that is gener 
ally collapsed and enlarges When the tissues that bound it are 
separated. FIG. 1B illustrates the tissues that de?ne the epi 
dural space 19 including the dura mater (or dura 5) Which is a 
protective covering that sheaths the spinal cord 4, the liga 
mentum ?avum 6 Which is a ligament adjacent to the dura 5 
that runs longitudinally along the spinal column, and the bony 
sides of the vertebral canal. Other anatomical structures near 
the epidural space 19 illustrated in FIG. 1A include the 
pedicle 11, vertebral body 1, intervertebral disc 2, transverse 
process 10, spinous process 9 and a spinal nerve root 3. To 
access the epidural space 19, the patient is positioned either 
seated or on their side and instructed to ?ex their back out 
Ward to maximiZe spacing betWeen the outer vertebral com 
ponents. The spinous processes are palpated, and the inter 
laminar space is estimated. A needle trajectory is then chosen 
by the anesthesiologist and a Tuohy needle is inserted in the 
midline This needle has both (1) a cutting tip Which is offset 
in order to reduce inadvertent injury to adjacent structures and 
(2) a holloW lumen to alloW for placement of a small catheter 
through Which pain medication can be administered. As the 
needle is advanced, it passes through (in order from the skin 
8): soft tissue 14, interspinous ligament 7, and ligamentum 
?avum 6 then ideally stops in the epidural space 19. 
[0007] FIGS. 1A and 1B illustrate conventional placement 
of the needle 15 into the epidural space 19. FIG. 1A is a 
perspective vieW of the needle 15 in position With the sur 
rounding anatomy. FIG. 1B is a section vieW the epidural 
space 19 shoWing a properly placed needle 15 and the cre 
ation of the epidural space by injecting a ?uid 12 from the 
syringe 20 that is rigidly connected to the needle 15. 
[0008] Prior to encountering the ligamentum ?avum, a spe 
cially designed glass or plastic loW-resistance syringe 20 
?lled With air or saline 12 is attached to the Tuohy needle 15. 
The needle 15 then is advanced sloWly and gentle pressure is 
maintained on the syringe plunger 18 to assess the resistance 
to ?oW at the tip 16 of the needle 15. A loss of resistance to 
?oW, as assessed through subjective feel When the air or ?uid 
12 is ejected from the syringe 20, indicates that the needle 15 
has passed through the ligamentum ?avum 6 into the epidural 
space 19. The needle 15 is held in position carefully to alloW 
placement of the epidural catheter 25 then WithdraWn from 
the epidural space over the catheter 25. Conditions such as 
degenerative joint disease of the spine and morbid obesity add 
to the di?iculty of epidural access. 
[0009] The challenges of accessing the epidural space can 
lead to complications in 2-20% of patients. The most com 
monly reported complications in the literature are headaches 
due to puncture of the dura, failure of pain blockade, back 
ache, and epidural vein puncture. FIG. 1C illustrates a section 
vieW of the epidural space 19 With a puncture 22 in the dura 5 
produced by the needle distal tip 16. FIG. 1D illustrates a 
section vieW of the epidural space 19 With an epidural vein 24 
ruptured by the needle distal tip 16. FIG. IE is a section vieW 
of the epidural space 19 With a catheter 25 improperly 
deployed outside the epidural space 6. 
[0010] Postdural puncture headache (PDPH) is estimated 
to occur in l-5% of all epidural procedures. The headache 
results from leakage of cerebrospinal ?uid (CSF) 13 through 
an accidental dural puncture by the epidural needle. Initial 
treatment is bed rest requiring hospitaliZation, and in a sig 
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ni?cant number of patients With PDPH, an injection of blood 
into the epidural space, known as a blood patch, is required to 
close the inadvertent puncture site. Failure of effective pain 
control occurs in 5-20% of patients With 10-15% of these 
failures attributed to incorrect epidural catheter placement, 
Which then results in epidural replacement or reliance on less 
effective means of pain control. Postoperative backache 
occurs in up to 30% of patients and can lead to temporary 
disability. Inadvertent puncture of a vein adjacent to the dura 
occurs in 1-1 1% of epidural procedures. If recognized, this is 
a minor complication requiring a neW puncture; hoWever, if 
unrecognized, catheter placement in an epidural vein can 
result in toxic systemic administration of anesthetic. Addi 
tional complications including signi?cant nerve damage, 
meningitis, paraplegia, and death are rare (1 in 10,000 to 1 in 
100,000). 
[0011] The current technique of epidural access involves 
advancement of a Tuohy needle into the epidural space. This 
method relies heavily on a steady hand and the ability to 
immediately halt needle advancement once loss of resistance 
is detected to avoid damaging critical structures including the 
dura. Despite proven patient bene?ts, many practitioners are 
reluctant to use epidural anesthesia because of the challenges 
and risks described above. A survey of local practitioners 
revealed that excess time and fear of complications are factors 
that signi?cantly limit the utiliZation of epidural anesthesia. 
What is needed are improved devices and methods for access 
ing the epidural space. 

SUMMARY OF THE INVENTION 

[0012] In one embodiment of the present invention, there is 
provided an apparatus for accessing the epidural space in a 
mammal having a cutting sheath having an open proximal end 
and a distal end adapted to transition from a closed cutting 
con?guration to an open con?guration. There is a holloW 
portion Within the sheath extending from the open proximal 
end along the longitudinal axis of the sheath. There is a tissue 
engagement device disposed Within the holloW portion of the 
cutting sheath, the tissue engagement device having an elon 
gate body With a proximal end and a blunt distal end. There is 
an engagement feature on the surface of the elongate body, an 
aperture formed in the distal end of the elongate body; and a 
conduit Within the elongate body in communication With the 
aperture and the elongate body proximal end. 
[0013] In one aspect, the engagement feature on the surface 
of the elongate body is a screW thread. In another aspect, the 
screW thread comprises an asymmetric thread form or, alter 
natively, a reverse buttress thread form. In one alternative 
embodiment, the engagement feature on the surface of the 
elongate body comprises a plurality of ridges. In one aspect, 
there is also a balloon positioned Within the distal end of the 
tissue engagement device. 
[0014] In another embodiment, the cutting sheath distal end 
transitions from a closed cutting con?guration to an open 
con?guration by moving the elongate body Within the holloW 
portion of the cutting sheath. In one aspect of this embodi 
ment, moving the elongate body Within the holloW portion of 
the cutting sheath comprises sliding the elongate body Within 
the holloW portion of the cutting sheath. In another aspect of 
this embodiment, moving the elongate body Within the hol 
loW portion of the cutting sheath comprises rotating the elon 
gate body Within the holloW portion of the cutting sheath. 
[0015] In one alternative embodiment, the cutting sheath 
includes at least one prede?ned movable section. In one 
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aspect of this embodiment, the cutting sheath has a hinge that 
joins the at least one prede?ned movable section to the distal 
end of the cutting sheath. In another aspect, the at least one 
prede?ned movable section is de?ned by a scoring pattern in 
a sideWall of the cutting sheath. In still another aspect, the at 
least one prede?ned movable section is cut into the distal end 
of the sheath. In one alternative embodiment, the aperture is 
formed in the sideWall of the elongate body proximal to the 
blunt distal end. In another alternative embodiment, the aper 
ture is formed in the blunt distal end. 

[0016] Another embodiment of the present invention pro 
vides a method of accessing an epidural space in a mammal. 
One step of the method is forming an opening in the mammal 
to a position at or near the ligamentum ?avum using a cutting 
sheath having an open proximal end and a distal end adapted 
to transition from a closed cutting con?guration to an open 
con?guration and a holloW portion Within the sheath extend 
ing from the open proximal end. Another step of the method 
is positioning Within the holloW portion of the cutting sheath 
a tissue engagement device having an elongate body With a 
proximal end, a blunt distal end and an engagement feature on 
the exterior surface of the elongate body. Another step of the 
method is transitioning the distal end of the cutting sheath 
from the closed cutting con?guration to the open con?gura 
tion. Another step of the method is manipulating the engage 
ment feature on the exterior surface of the elongate body to 
controllably advance the blunt distal end of the elongate body 
at least partially through the ligamentum ?avum. 
[0017] In one aspect, the transitioning step includes moving 
the tissue engagement device relative to the cutting sheath. In 
one alternative aspect, moving the tissue engagement device 
relative to the cutting sheath comprises pulling the cutting 
sheath proximally relative to the tissue engagement device. In 
another alternative aspect, moving the tissue engagement 
device relative to the cutting sheath comprises rotating the 
tissue engagement device Within the holloW central portion of 
the cutting sheath. In another alternative embodiment, the 
transitioning step includes moving a portion of the distal end 
of the cutting sheath about a hinge. In one aspect, at least one 
of the transitioning step or the manipulating step is performed 
by rotating the tissue engagement device. In another aspect, at 
least one of the transitioning step or the manipulating step is 
performed by longitudinal movement betWeen the tissue 
engagement device and the cutting sheath. In still another 
aspect, there is a step of ceasing the manipulating step When 
a pressure drop Within the tissue engagement device is 
detected. In yet another aspect, at least one section on the 
distal end of the cutting sheath moves in a predetermined 
manner during the opening step. In another alternative, the 
method also includes a step of advancing a substance, thera 
peutic instrument or diagnostic instrument completely 
through a conduit Within the tissue engagement device. In 
another alternative, the manipulating step includes the step of 
in?ating a balloon Within the distal end of the elongate body 
to at least partially dissect the ligamentum ?avum. In another 
aspect, the transitioning step exposes the blunt distal end of 
the tissue engagement device to the ligamentum ?avum. In an 
alternative embodiment, the transitioning step includes 
removing a stylet from Within the holloW portion prior to the 
positioning step. 
[0018] In still another alternative embodiment, there is pro 
vided apparatus for accessing the epidural space in a mammal 
having a cutting sheath that has an open proximal end and a 
distal end adapted to transition from a closed cutting con?gu 
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ration to an open con?guration. There is a hollow portion 
Within the sheath extending from the open proximal end to the 
distal end. When the cutting sheath is in the closed cutting 
con?guration, there is a stylet placed Within the holloW por 
tion. When the cutting sheath is in the open con?guration, 
there is a tissue engagement device disposed Within the hol 
loW portion. The tissue engagement device has an elongate 
body With a proximal end and a blunt distal end, an engage 
ment feature on the surface of the elongate body, an aperture 
formed in the distal end of the elongate body and a conduit 
Within the elongate body in communication With the aperture 
and the elongate body proximal end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The novel features of the invention are set forth With 
particularity in the claims that folloW. A better understanding 
of the features and advantages of the present invention Will be 
obtained by reference to the folloWing detailed description 
that sets forth illustrative embodiments, in Which the prin 
ciples of the invention are utiliZed, and the accompanying 
draWings of Which: 
[0020] FIG. 1A is a perspective vieW of the epidural space 
and surrounding anatomical structures With a needle inserted 
into the epidural space; 
[0021] FIG. 1B is an enlarged vieW the epidural space of 
FIG. 1A shoWing the position of a properly placed needle tip 
Within the epidural space; 
[0022] FIG. 1C is an enlarged vieW the epidural space of 
FIG. 1B showing a needle puncturing the dura; 
[0023] FIG. 1D is an enlarged vieW the epidural space of 
FIG. 1B shoWing a needle puncturing an epidural vein; 
[0024] FIG. IE is an enlarged vieW the epidural space of 
FIG. 1B shoWing a catheter improperly placed outside of the 
epidural space; 
[0025] FIG. 2 is a How chart 100 describing a method of 
accessing the epidural space; 
[0026] FIG. 3A is a perspective vieW of the ligamentum 
?avum and surrounding anatomical structures With a cutting 
sheath in a closed cutting con?guration positioned at the 
ligamentum ?avum; 
[0027] FIG. 3B is an enlarged vieW of FIG. 3A illustrating 
the position of the cutting sheath in relation to the ligamentum 
?avum and the surrounding anatomy; 
[0028] FIG. 4A is a perspective vieW of the cutting sheath 
as positioned in FIG. 3A including a tissue engagement 
device Within the cutting sheath and a ?exible line connecting 
a syringe to the tissue engagement device; 
[0029] FIG. 4B is an enlarged vieW of the cutting sheath and 
tissue engagement device illustrated in FIG. 4A; 
[0030] FIG. 4C is an enlarged vieW of the cutting sheath in 
FIG. 3B in a closed cutting con?guration in position relative 
to the ligamentum ?avum; 
[0031] FIG. 4D is a perspective vieW of the cutting sheath 
and tissue engaging device of FIG. 4A indicating the rotation 
of the tissue engagement device and the transition of the 
cutting sheath from a closed cutting con?guration to an open 
con?guration; 
[0032] FIG. 4E is an enlarged vieW of the cutting sheath and 
tissue engagement device as positioned in FIG. 4D and the 
blunt end of the tissue engagement device Within the ligamen 
tum ?avum; 
[0033] FIG. 4F is an enlarged vieW of FIG. 4E shoWing the 
tissue engagement device Within and cutting sheath against 
the ligamentum ?avum; 
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[0034] FIG. 4G is an enlarged vieW of the cutting sheath 
and tissue engagement device When the blunt end and aper 
ture of the tissue engagement device pass through the liga 
mentum ?avum and enter the epidural space; 

[0035] FIG. 4H is an enlarged vieW of FIG. 4G When the 
blunt end and aperture of the tissue engagement device pass 
through the ligamentum ?avum and enter the epidural space; 
[0036] FIG. 5A is a perspective vieW of the cutting sheath 
and tissue engaging device positioned as in FIGS. 4G and 4H 
indicating the loss of resistance and the ?uid passing into and 
enlarging the epidural space; 
[0037] FIG. 5B is an enlarged vieW of the cutting sheath, 
tissue engagement device and epidural space of FIG. 5A; 
[0038] FIG. 6A illustrates a catheter being inserted into the 
epidural space using the tissue engagement device positioned 
as shoWn in FIGS. 5A and 5B; 

[0039] FIG. 6B is an enlarged vieW of FIG. 6A illustrating 
the catheter inserted into the epidural space; 

[0040] FIGS. 7A and 7B are, respectively, perspective and 
enlarged vieWs of a catheter remaining in the epidural space 
after the removal of the cutting sheath and the tissue engage 
ment device; 
[0041] FIGS. 8A and 8B illustrate, respectively, a section 
vieW of an apparatus for accessing the epidural space and the 
tissue engagement device of FIG. 8A; 

[0042] FIG. 8C is an enlarged vieW of an engagement fea 
ture in FIGS. 8A and 8B; 

[0043] FIGS. 9A and 9B illustrate an apparatus for access 
ing the epidural space. FIG. 9A illustrates a perspective vieW 
of a cutting sheath having a closed cutting con?guration that 
is completely closed shoWn in position against the ligamen 
tum ?avum. FIG. 9B illustrates the cutting sheath transitioned 
into an open con?guration against the ligamentum ?avum and 
the blunt tip and aperture of the tissue engagement device 
Within the epidural space; 
[0044] FIGS. 10A and 10B illustrate an apparatus for 
accessing the epidural space. FIG. 10A illustrates a perspec 
tive vieW of a cutting sheath having a closed cutting con?gu 
ration that is completely closed shoWn in position against the 
ligamentum ?avum. FIG. 10B illustrates the cutting sheath 
transitioned into and open con?guration against the ligamen 
tum ?avum and the blunt tip and aperture of the tissue engage 
ment device Within the epidural space; 

[0045] FIGS. 11A and 11B illustrate an apparatus for 
accessing the epidural space. FIG. 11A illustrates a perspec 
tive vieW of a cutting sheath having a hinge used to transition 
the distal end from a closed cutting con?guration to an open 
con?guration. The sheath is closed and shoWn in position 
against the ligamentum ?avum. FIG. 11B illustrates the cut 
ting sheath Where the sheath has transitioned into an open 
con?guration against the ligamentum ?avum and the blunt tip 
and aperture of the tissue engagement device Within the epi 
dural space; 

[0046] FIGS. 12A and 12B illustrate a section vieW of a 
hinged tissue engagement device. FIG. 12A illustrates the 
tissue engagement device in a closed con?guration. FIG. 12B 
illustrates the tissue engagement device in an open con?gu 
ration; 
[0047] FIG. 13 is a How chart of a method of using the tissue 
engagement device of FIG. 12A and 12B; and 
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[0048] FIG. 14 is a section vieW ofan apparatus for access 
ing the epidural space that has a cutting sheath and a tissue 
engagement device Within the cutting sheath. 

DETAILED DESCRIPTION OF THE INVENTION 

[0049] Embodiments of the present invention relate to 
devices that provide access to the epidural space and use the 
familiar “loss-of-resistance” technique to detect entry into the 
space. HoWever, embodiments of the inventive devices have 
one or more advantages over existing, conventional epidural 
access devices and techniques. These advantages include but 
are not limited to (1) controlled dissection through the liga 
mentum ?avum to safely enter the epidural space, (2) protec 
tion of the critical structures adjacent to the epidural space 
including the dura, spinal cord, and epidural veins, and (3) 
needle advancement and epidural space detection With a 
handpiece via a ?exible cable to minimiZe the torque encoun 
tered With the current rigid one-piece system. These and other 
advantages are provided While maintaining the familiar and 
reliable loss-of-resistance method to detect entry into the 
epidural space. 
[0050] Moreover, embodiments of the present invention are 
directed to methods and devices for providing controlled 
access to the epidural space. The characteristics, advantages, 
and techniques of controllably engaging and dissecting the 
ligamentum ?avum during epidural space access are more 
fully explained in the description that folloWs. 
[0051] One embodiment of a method for accessing the epi 
dural space of the mammal Will be described through refer 
ence to the ?oW chart 100 in FIG. 2. An exemplary method of 
epidural access Will be described using an apparatus 200 for 
accessing the epidural space. During the discussion of an 
exemplary epidural access method, reference Will be made to 
FIGS. 3A-7B that illustrate the apparatus 200 during the 
various steps of epidural access. The exemplary apparatus 
200 includes an embodiment of a cutting sheath 210 and a 
tissue engagement device 220. As shoWn in FIGS. 3A, 3B, 
4A-4H, the cutting sheath 210 has an open proximal end 212 
and a distal end 216 adapted to transition from a closed 
cutting con?guration (FIGS. 3A, 3B, 4A, 4B, 4C) to an open 
con?guration (FIG. 4D-4H and 5A-5B). FIGS. 4E and 4E 
illustrate a holloW portion 214 Within the sheath 210 that 
extends from the open proximal end 212 along the longitudi 
nal axis of the sheath. In the illustrated embodiments, the 
cutting sheath 210 terminates distally in a sharp conical apex. 
The shape of the cutting sheath distal end may be conical as 
depicted or have other shapes. An alternative shape is a 
rounded or bullet-shaped con?guration. Embodiments of the 
cutting sheath of the present invention may be used to pierce, 
dissect, transect, and/or displace skin, soft tissue, ligaments 
and other structures to provide access to the ligamentum 
?avum. 
[0052] FIGS. 4A, 4B, 4D, 4E, 4F, 4G, 4H, 5A and 5B 
illustrate an exemplary tissue engagement device 220 dis 
posed Within the holloW portion 214 of the cutting sheath 210. 
As shoWn in FIG. 4F, the tissue engagement device 220 has an 
elongate body 222 With a proximal end 224 and a blunt distal 
end 226. There is an engagement feature 228 on the surface of 
the elongate body 222. An aperture 230 is formed in the distal 
end of the elongate body. A conduit 232 Within the elongate 
body 222 is in communication With the aperture 230 and the 
elongate body proximal end 224. 
[0053] Returning to FIG. 2. First, there is the step of form 
ing an opening to a position at or near the ligamentum ?avum 
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using a cutting sheath (step 110). FIG. 3A is a generally 
posterior vieW of a cutting sheath 210 inserted through the 
back, passing through skin 8 and underlying soft tissues 14 up 
to the ligamentum ?avum 6. The sharp distal end 216 of the 
sheath 210 is con?gured to easily penetrate through skin 8 and 
soft tissues 14 above the ligamentum ?avum 6 similar to a 
conventional epidural needle 15. 
[0054] FIG. 3B depicts a cross-sectional vieW of the pen 
etration of the sheath 210 to the ligamentum ?avum 6. FIG. 
3B also illustrates the cutting sheath 210 in position With 
respect to the surrounding anatomical structures including the 
skin 8, underlying soft tissue 14, interspinous ligament 7, 
ligamentum ?avum 6, epidural space 19, the dura 5, the 
cerebrospinal ?uid 13, the spinal cord 4 and the spinous 
process 9. The cutting sheath 210 may or may not partially 
penetrate the outer surface of the ligamentum ?avum 6. Po si 
tioning the cutting sheath 210 up to or partially into the 
ligamentum ?avum 6 is achieved by stopping advancement 
once an increased resistance to penetration is detected When 
pushing to advance the cutting sheath 210 through the tissue. 
This increased resistance is common and relates typically to 
the stiffer nature of the ligamentum ?avum 6 relative to sur 
rounding soft tissues 14. At this point, the step of forming an 
opening to a position at or near the ligamentum ?avum using 
a cutting sheath is completed. 
[0055] Returning to FIG. 2. The next step is positioning a 
blunt-tipped tissue engagement device Within a holloW por 
tion of the cutting sheath (step 120). During the forming step, 
the cutting sheath 210 may be used With or Without the tissue 
engagement device inside the holloW portion 214. As such, 
the step of positioning the tissue engagement device may be 
performed before or after the step of forming an opening to 
the ligamentum ?avum With the cutting sheath. In one aspect, 
the tissue engagement device is disposed Within the holloW 
portion 214 of the cutting sheath 210 While the cutting sheath 
is being advanced toWards and into contact With the ligamen 
tum ?avum 6. Referring to FIG. 4B, the sheath 210 is con?g 
ured With a holloW interior 214 and open proximal end 212 to 
receive a tissue engagement device 220. FIGS. 4A-4B depict 
the tissue engagement device 220 Within the cutting sheath in 
a position just outside the exterior surface of the ligamentum 
?avum 6. Alternatively, the cutting sheath tip 216 may be 
partially inserted into the ligamentum ?avum 6. 
[0056] Once the tissue engagement device is in position, 
the next step is transitioning the distal end of the cutting 
sheath from a closed cutting con?guration to an open con 
?guration (step 125). This step relates to conversion of the 
cutting sheath 210 from a closed cutting con?guration to an 
open con?guration. Once in the open con?guration, the tissue 
engagement device inside the cutting sheath is exposed to 
surrounding tissue. FIGS. 4C-4E shoW in detail the sheath 
210 after transitioning from a closed cutting con?guration to 
an open con?guration to alloW controlled advancement of the 
tissue engagement device 220 through the ligamentum ?a 
vum 6. 

[0057] As depicted in FIG. 4C, the cutting sheath distal end 
216 consists oftWo ?aps 217, 219 separated by a small gap or 
separation area 207. FIG. 4E illustrates the transition of the 
sheath 210 from a closed cutting con?guration to an open 
con?guration When the tissue engagement device distal end 
226 is advanced. As the tissue engagement device distal end 
226 advances, the ?aps 217, 219 de?ect and separate along 
the prede?ned separation line 207. In one aspect, relative 
movement betWeen the tissue engagement device and the 
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cutting sheath is facilitated by retraction of the sheath 210 
relative to the tissue engagement device 220. The sheath 
distal end 216 may transition betWeen closed and open states 
via a number of mechanisms. One mechanism includes built 
in preferential separation planes similar to those formed using 
separation area 207. Flaps on these preferential separation 
planes are biased closed and remained closed Without exter 
nal forces acting on them. The area 213 near the proximal end 
of the separation area 207 may also be modi?ed to aid in 
prede?ned movement of the distal tip. The area 213 may 
contain different materials, structures or be formed differ 
ently from the remainder of the sheath 210 in order to facili 
tate the movement of the ?aps 217, 219. The area 213 may be 
modi?ed so as to behave as a hinge betWeen the ?aps 217, 219 
and the body of the sheath. Transition of the cutting sheath 
from a closed cutting con?guration to an open con?guration 
may be facilitated in a number of Ways. The transition may be 
facilitated by retracting the sheath relative to the tissue 
engagement device, distal advancement of the tissue engage 
ment device relative to the sheath distal end via rotation or 
direct linear translation of the tissue engagement device. 

[0058] Returning to FIG. 2, the next step is manipulating an 
engagement feature on the tissue engagement device to con 
trollably advance into the ligamentum ?avum (step 130). 
After exposure of the tissue engagement device to the sur 
rounding tissue, the tissue engagement device is manipulated 
to engage the ligamentum ?avum. One embodiment of an 
engagement feature includes the use of threads 228 on the 
outer aspect of the distal end of the tissue engagement device 
to engage the ligamentum ?avum and facilitate controlled 
advancement of the blunt tip via rotational action as depicted 
in FIGS. 4D, 4E. Manipulation may include any form of 
relative movement betWeen the engagement features on the 
tissue engagement device and the ligamentum ?avum. 
Manipulation includes, for example, rotational movement 
such as With a threaded form of engagement feature 228 in the 
tissue engagement device 220 (FIGS. 4D, 4E and 4E). The 
sheath is con?gured such that the tissue engagement device is 
able to rotate and/or translate Within the sheath to advance 
through the ligamentum ?avum Without appreciably advanc 
ing the sheath into the ligamentum ?avum. Rotation of the 
tissue engagement device When engaged With the ligamen 
tum ?avum facilitates translation of the threaded device 
through the tissue. In contrast to the purely push-to-advance 
method of the prior art using cutting-tipped Tuohy needles to 
access the epidural space, this step illustrates the transition 
from a push-to-advance mode to a controlled advancement 
mode. In this case, the advancement is controlled by control 
ling the rotation of the tissue engagement device. The use of 
one or more engagement features enables the tissue engage 
ment device to controllably advance the blunt tip 226 through 
the ligamentum ?avum 6. Converting the action required to 
advance the tissue engagement device from a push-to-ad 
vance to a threaded rotate-to-advance mode reduces the pos 
sibility of inadvertent uncontrolled forWard advancement of 
the device that can lead to damage of critical structures (FIGS. 
1C-1E). The external threads 228 secure the tissue engage 
ment device 220 Within the ligamentum ?avum to provide 
additional protection against uncontrolled motion by increas 
ing the linear force required to push the tissue engagement 
device 220 through the ligamentum ?avum 6. Thread char 
acteristics including shape and spacing may be varied to 
enable desired engagement and advancement characteristics. 
For example, a variable pitch thread may be con?gured to 
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enable more coarse and rapid then ?ner and sloWer advance 
ment of the tissue engagement device through the ligamen 
tum ?avum. 

[0059] Returning to FIG. 2, the next step is to employ 
positive pressure on a ?uid reservoir in ?uid communication 
With an aperture on the distal end of the tissue engagement 
device (step 135). During controlled advancement of the tis 
sue engagement device, the aperture 230 is Within the liga 
mentum ?avum 6 as shoWn in FIGS. 4D, 4E and 4E. As shoWn 
in FIG. 4D, an operator uses the Well knoWn technique of 
applying positive pressure to a loW resistance syringe (indi 
cated by the arroW directed to plunger 18) connected to the 
proximal end of the tissue engagement apparatus. As long as 
the aperture 230 remains in the ligamentum ?avum, the 
operator detects a high resistance to the ?oW of ?uid or gas 12. 
Embodiments of the tissue engagement devices of the present 
invention are adapted to alloW passage of substances and 
devices from their proximal to distal ends using the conduit 
232 and the aperture 230. 

[0060] One embodiment enabling this passage involves an 
open proximal end of the tissue engagement device, an inter 
nal lumen enabling the air-tight passage of ?uids, gases, and 
devices betWeen the proximal and distal ends of the entire 
device and an aperture in proximity to the tip as seen in FIGS. 
4A-4H. The connection betWeen the tissue engagement 
device 220 and the loW resistance syringe 20 may be a con 
ventional rigid connection (FIG. 1A). Alternatively, the 
proximal end of the tissue engagement device terminates in a 
hub that alloWs connection to and relative rotation With a 
?exible tubular member 295. The hub may be a connector 296 
that provides a ?uid tight seal betWeen the ?exible tubing 295 
and the conduit 232. The connector 296 is modi?ed accord 
ingly to maintain a seal depending upon the technique used to 
manipulate the tissue engagement device. In some embodi 
ments, the connector 296 Will be adapted to maintain a seal 
during longitudinal manipulation (FIGS. 12A and 12B) and 
in other embodiments, the connector 296 Will be adapted to 
maintain a seal during rotational manipulation (FIGS. 4A, 
4D). The hub or connector 296 may be any of a variety of 
conventional ?uid connectors that provide the desired ?uid 
seal. Advantageously, use of the connector 296 alloWs 
manipulation of the tissue engagement device to occur inde 
pendent of the ?exible tubing 295 and the syringe 20. The 
?exible tubular member 295 enables the operator to reduce 
forces that could dislodge the tissue engagement device tip, 
forces that Would otherWise be transmitted to the tissue 
engagement device via a rigid connection With the syringe 
(FIG. 1A). 
[0061] A loW resistance syringe may also be incorporated 
into a handheld device that actuates the sheath and tissue 
engagement device via a ?exible housing. The ?exible tubu 
lar member 295 alloWs a operator to lie doWn or otherWise 
move the syringe or handpiece relative to the tissue engage 
ment device Without compromising the internal position of 
the sheath and/or the tissue engagement device. During 
advancement of the tissue engagement device, the remote 
handpiece (depicted as a syringe 20 in FIG. 4D) may include 
a mechanism to transmit force to the tissue engagement 
device for controlled advancement of the distal end of the 
tissue engagement device. A conventional loW resistance 
syringe 20 or other similar device in the handpiece Would 
ideally transmit ?uid through the ?exible tubing member 295 
to the aperture 230 thereby providing the needed pressure 
feedback to con?rm entry into the epidural space. 














