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(57) ABSTRACT 

Methods, devices and systems facilitate diagnosis, and in 
Some cases treatment, of back pain originating in interver 
tebral discs. Methods generally involve introducing one or 
more Substances into one or more discs using a catheter 
device. In one embodiment, a patient assumes a position that 
causes back pain, and a Substance Such as an anesthetic or 
analgesic is introduced into the disc to determine whether 
the Substance relieves the pain. Injections into multiple discs 
may optionally be performed, to help pinpoint a disc as a 
Source of the patient’s pain. In some embodiments, the 
catheter device is left in place, and possibly coupled with 
another implantable device, to provide treatment of one or 
more discs. A catheter device includes at least one anchoring 
member for maintaining a distal portion of the catheter 
within a disc. 
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SPINAL DIAGNOSTIC METHODS AND 
APPARATUS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a Continuation-in-Part of appli 
cation No. 10/825,961 (Attorney Docket No. 019433 
001600US), filed on Apr. 16, 2004, and is a continuation of 
U.S. application Ser. No. 1 1/597,349. (Attorney Docket No. 
019433-001610US), which claims priority under 35 USC 
371 from PCT/US2005/012981 (Attorney Docket No. 
019433-001610PC), filed on Apr. 15, 2005, the full disclo 
sures of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

0002 The present invention generally relates to medical 
devices and methods. More particularly, the present inven 
tion relates to devices and methods for diagnosing and/or 
treating spinal pain 

0003 Back paintakes an enormous toll on the health and 
productivity of people around the world. According to the 
American Academy of Orthopedic Surgeons, approximately 
80 percent of Americans will experience back pain at Some 
time in their life. In just the year 2000, approximately 26 
million visits were made to physicians offices due to back 
problems in the United States. On any one day, it is 
estimated that 5% of the working population in America is 
disabled by back pain. 
0004 Unfortunately, back pain is not only extremely 
common, but can also be difficult to accurately diagnose and 
effectively treat. Challenges stem from the fact that it is 
often difficult to pinpoint exactly what is causing a patients 
pain or even where the pain originates. Although a number 
of effective treatments exist for various types of back pain, 
a number of them are highly invasive and may actually 
exacerbate pain or cause pain in other parts of the back. 
Therefore, due to the challenges involved in diagnosing and 
treating back pain, and fueled by the large number of 
patients suffering from back pain, improved diagnostic and 
treatment methods and devices and constantly being sought. 
0005 Back pain may be classified into two general 
categories: (1) “axial spinal pain,” which arises from pathol 
ogy or dysfunction in the structural components of the spine, 
such as the vertebrae or the intervertebral discs between the 
vertebrae; and (2) “radicular pain,” which originates from 
pressure on or irritation of nerve roots. Radicular pain is 
often relatively simple to diagnose and pinpoint, because 
pain tends to radiate from irritated nerve roots out into the 
body in predictable patterns, and nerve root compression can 
often be seen on an MRI study or other radiological study of 
the spine. Treatment of radicular pain is also often quite 
straightforward, typically involving injections or Surgical 
procedures to decrease inflammation in or remove the struc 
tures impinging on the effected nerve root. 
0006. In contrast to radicular pain, axial spinal pain is 
typically much more difficult to diagnose and localize. 
“Discogenic pain,” for example, which is a type of spinal 
pain originating in one or more intervertebral discs (soft 
tissue structures between vertebrae of the spine), is particu 
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larly difficult to diagnose and pinpoint to one or more 
specific discs. The physical examination and complaints of 
the patient typically provide only general clues as to the 
actual cause and originating location of the pain, and no 
currently available radiological studies can accurately assess 
which of a patient’s discs (if any) is causing discogenic pain. 
Adding to the difficulty of diagnosis is the fact that many 
different factors may lead to discogenic pain. Furthermore, 
it is often difficult to determine whether treatment of a disc 
(or discs) will actually alleviate the patient’s pain or whether 
there are other underlying causes of the pain that will remain 
even after a disc is treated. Therefore, diagnosing and 
treating discogenic pain can often be incredibly challenging, 
and there is always a risk that surgery will be performed 
unnecessarily or will fail to relieve the patient’s back pain. 
0007. The most commonly performed surgical procedure 
for treating discogenic pain is spinal fusion, in which 
adjacent vertebrae above and below the disc causing pain are 
fused together to prevent motion, thus bypassing the painful 
disc. Spinal fusion can be a very effective treatment, but it 
is relatively costly and invasive, and may be associated with 
a prolonged recovery and a number of potential complica 
tions. For example, fusion may sometimes lead to acceler 
ated degeneration of one or more discs adjacent the treated 
disc due to increased forces placed on the adjacent discs 
from the fusion. Another possible treatment of discogenic 
pain involves replacement of the disc with an artificial 
(prosthetic) disc. This treatment may allow for better patient 
mobility than spinal fusion, but this treatment option is still 
in its infancy. Regardless of the method used to treat 
discogenic pain, an accurate diagnosis is essential for the 
treatment's Success. 

0008. Despite the importance of obtaining a correct and 
specific diagnosis of discogenic pain, currently available 
diagnostic techniques have a number of drawbacks. A diag 
nostic test referred to as "discography' is the most com 
monly used and accepted diagnostic technique. Discography 
involves inserting a needle into an intervertebral disc and 
injecting a contrast dye into the compliant inner core of the 
disc (the nucleus pulposus) under pressure. A radiograph (or 
“X-ray”) of the spine is then taken. Sometimes, anatomical 
defects of the disc, such as tears in the fibrous outer layer of 
the disc (the annulus fibrosis) can been seen on a radiograph, 
which may be indicative of a possible cause of pain. 
Additionally, the injection of contrast into the disc under 
pressure has been shown to sometimes cause the patient to 
feel pain, caused by the chemical composition of the contrast 
and/or by increased pressure within the nucleus pulposus. 
Sometimes this pain mimics the back pain that the patient 
usually feels during daily activities. Through a combination 
of Subjective analysis of radiographs and a subjective 
description of the back pain by the patient, the physician 
attempts to determine whether the particular disc is causing 
the patient’s pain. In some instances, multiple discs on one 
patient are injected during a diagnostic procedure. 

0009. Some clinicians theorize that if a discogram is 
positive according to commonly used criteria, then the tested 
disc is the source of the patient’s pain. However, there is no 
universally accepted definition of the criteria for a positive 
discogram. As a result, interpretation of discograms has been 
a longstanding controversy. Not only does the test rely on 
subjective feedback, but results themselves have been 
shown to have a high rate of false positives and false 
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negatives, with up to 30-40% of patients with no back pain 
having positive discograms. Similarly, Some patients have 
reported feeling a replication of their usual pain during 
discography, even though it is later found that another, 
non-discogenic cause was the actual origin of the pain. 
These facts demonstrate that the traditional discogram is not 
highly specific. 

0010) A number of currently available epidural catheters 
and techniques provide for injecting Substances, typically 
anesthetics, into an epidural space of a spine. Examples of 
such epidural catheters are described in U.S. Pat. Nos.: 
3,885,561; 4,737,146; 4,973,305; 5,004,456; 5,024,655; 
5,084,016; 5,129,889: 5,234,406; 5,344,439; 5,800,407; 
6,676,643 and 6,368,315. Such catheters, however, are not 
adapted for delivery into an intervertebral disc. Furthermore, 
injecting Substances into the epidural space is not helpful for 
diagnosing discogenic pain. 

0011. Due to the prevalence of discogenic pain and other 
types of back pain, the difficulty of accurately diagnosing 
and pinpointing discogenic pain, and the invasive nature of 
typical discogenic pain treatment techniques such as spinal 
fusion, improved methods and apparatus for diagnosing 
and/or treating discogenic pain are needed. Ideally, Such 
methods and apparatus would enhance a physician’s ability 
to pinpoint one or more discs that are causing a patient pain, 
thus enhancing or replacing traditional discography. Also 
ideally, these methods and devices would be no more 
invasive, or perhaps even less invasive, than discography. 
Even more ideally, variations of techniques and devices for 
diagnosing discogenic pain could also be used to treat back 
pain in Some individuals, thus providing less invasive alter 
natives to traditional spinal fusion and other Surgical tech 
niques. At least some of these objectives will be met by the 
present invention. 

BRIEF SUMMARY OF THE INVENTION 

0012 Methods and devices of the present invention gen 
erally facilitate diagnosis, and in Some cases treatment, of 
discogenic pain. More specifically, methods and devices of 
the invention help determine whether one or more interver 
tebral discs in a patient are actually causing the patients 
back pain, and also help pinpoint which disc or discs are 
causing the pain. In one embodiment, a distal portion of a 
catheter device is positioned transannularly or transos 
seously in an intervertebral disc that is thought to be the 
cause of the patient’s pain. One or more anchoring members 
are then used to maintain the distal portion in the disc. The 
patient is asked to assume a position or perform a task, Such 
as bending over, which typically causes the patient to 
experience back pain. Using the catheter device, one or more 
Substances, such as an anesthetic or analgesic, are injected 
into the disc. The patient then reports whether the anesthetic 
has alleviated the pain. Optionally, additional intervertebral 
discs may be tested, one or more placebo injections may be 
used, a conventional discography may be added to the 
procedure and/or the like. Based on the patient’s response to 
the introduction of Substance(s) into the disc (or discs), a 
determination may be made as to whether one or more 
specific discs are causing the patient’s pain. Diagnostic and 
treatment decisions may be based on Such a determination. 
0013 An “intervertebral disc' is generally referred to 
herein as Soft tissue between any two adjacent vertebrae. An 
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intervertebral disc generally includes a fibrous outer layer 
called the “annulus fibrosis' and a more compliant inner 
core called the “nucleus pulposus.” In various embodiments, 
Substances may be introduced into an annulus fibrosis, 
nucleus pulposus, or both. To the extent that other soft 
tissues between two adjacent vertebrae may also be consid 
ered part of an intervertebral disc, it is contemplated within 
the scope of the invention that one or more Substances may 
be introduced into such soft tissues as well. 

0014. In some cases, devices and methods for diagnosing 
discogenic pain may also be used for treating pain. Catheter 
devices of the invention generally include one or more 
anchoring members for maintaining a distal portion of the 
catheter device in a position within a disc. Such a catheter 
device may be coupled with, for example, an implantable 
pump or injection port, and the pump or port may be used 
to Supply one or more substances, such as anesthetic or 
analgesic, to the disc to treat a patient's back pain. Many 
other Substances may be introduced to the disc, as discussed 
fully below, and other treatment modalities are possible, 
such as transcutaneous electrical nerve stimulation (TENS). 
0015. In one aspect of the present invention, a method for 
introducing one or more Substances into an intervertebral 
disc involves positioning a distal portion of a catheter device 
in the disc, anchoring the distal portion of the catheter device 
to maintain the distal portion in the disc, and introducing at 
least one substance into the disc through the catheter device. 
A number of different methods for positioning the distal 
portion may be employed in various embodiments of the 
invention. In one embodiment, for example, the catheter 
device is passed through a lumen of an introducer device. In 
one such embodiment, positioning the distal portion of the 
catheter involves passing the catheter device through the 
lumen of the introducer device over a pointed stylet, piercing 
through an annulus fibrosis of the disc using the stylet, and 
withdrawing the stylet from the catheter device. In an 
alternative embodiment, positioning the distal portion 
involves piercing through an annulus fibrosis of the disc into 
the disc with a tapered distal end of the catheter device. In 
Some embodiments, the catheter device is passed over a 
guidewire. 

0016. In various embodiments in which an introducer 
device is used, the introducer device may either be advanced 
to a position within the disc or to a position just outside the 
disc. In either case, the catheter device may have a distal end 
or portion configured to facilitate advancement of the distal 
end through the annulus fibrosis. In some embodiments, the 
catheter device is passed over a guidewire. In some cases, 
the catheter is passed over the guidewire within the needle, 
while in alternative embodiments the introducer is removed 
over the guidewire before the catheter device is passed over 
the guidewire. In some embodiments, positioning the distal 
portion is facilitated by visualizing at least one radioopaque 
marker or material at or near the distal portion to assess its 
location. 

0017. In some embodiments, anchoring the catheter 
device involves deploying one or more anchoring members 
disposed along the catheter body. In some cases. Such 
anchoring members may be disposed at or near the distal 
portion of the catheter, while in other embodiments anchor 
ing may occur at locations farther from the distal portion. In 
Some embodiments, anchoring may be achieved by using a 
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separate anchoring device. Such as by applying adhesive, 
suture or the like to anchor the catheter to the patient in a 
desired position. In one embodiment, anchoring involves 
inflating at least a first expandable member in the disc. 
Optionally, this technique may further involve inflating at 
least a second expandable member adjacent an outer Surface 
of the disc, such that there is one inflatable member in the 
disc and another inflatable member just outside the annulus 
fibrosis. 

0018. In an alternative embodiment, anchoring comprises 
deploying at least one mechanism along the distal portion of 
the catheter device to increase the effective cross-sectional 
diameter of the catheter at one or more locations. For 
example, in one embodiment the cross-sectional diameter is 
increased by releasing one or more shape memory or spring 
loaded members from constraint. In other embodiments, the 
cross-sectional diameter may be increased by actuating one 
or more mechanical members or moving an inner catheter 
shaft of the catheter device relative to an outer catheter shaft 
of the catheter device to cause one or more anchoring 
members to buckle outwards. In another embodiment, 
anchoring comprises causing at least part of the distal 
portion to change from a Substantially straight shape to a 
Substantially curved or geometric shape. And in yet another 
embodiment, anchoring comprises attaching part of the 
distal portion to an annulus fibrosis of the disc. For example, 
the attachment member may be screwed, twisted or pierced 
into the annulus fibrosis in various embodiments. 

0019. In addition to the anchor mechanisms described 
above, the access and treatment catheters of the present 
invention can be modified to promote tissue growth on or 
into at least selected portions of the catheter. Such tissue 
growth promotion could be accomplished by modifying the 
exterior texture or shape of the catheter exterior, or by 
providing additional physical structure which would pro 
mote tissue ingrowth and attachment. Alternatively or in 
addition, the catheter could be provided with an osteogenic 
Substance, drug, or chemical to promote the desired tissue 
attachment. Such tissue attachment can be promoted in 
bone, muscle, fibrotic tissue, scar tissue, chondrocytes, or 
other tissue which occurs in or around the disc space of 
vertebral bodies. Anchoring by promoting tissue ingrowth is 
particularly useful when the catheter will be implanted for 
an extended length of time, as will often be the case for 
therapeutic treatment protocols. 

0020. The substance (or substances) introduced into the 
disc may be any suitable Substance, typically introduced for 
diagnosis and/or treatment of discogenic pain, but in alter 
native embodiments for any other Suitable purpose. Any 
Suitable combination of Substances may be introduced, 
either simultaneously or sequentially, for diagnosis, treat 
ment or other purposes. In some embodiments, one or more 
placebo Substances may be introduced into one or more 
discs, typically to assist in diagnosis but in other embodi 
ments for study or experimental purposes or the like. In 
Some embodiments, for example, introduced substance(s) 
may include, but are not limited to, an anesthetic; an 
analgesic; an antibiotic; a hydrating agent such as hypotonic 
saline, isotonic saline or hypertonic saline; a Supportive 
agent such as a hydrogel, ethylene-vinyl alcohol copolymer, 
Dimethyl Sulfoxide or Tantalum; a prolotherapy agent such 
as Sodium morrhuate, cod oil, phenol, minerals or ethyl 
alcohol; and other agents such as collagen, stem cells, 
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Osteogenic Protein-1, ethanol, alcohol, Steroids, radio 
opaque contrast agents, ultrasound contrast agent, Bone 
Morphogenetic Protein (BMP), BMP-2, BMP-4, BMP-6, 
BMP-7, BMP-12, Serotonin 5-HT2A receptor inhibitors, 
LMP-1, TIMP-1, TGF-1, TGF-2, Rofecoxib, Ketorolac, 
Glucosamine, Chondroitin Sulfate, Dextrose, DMSO, non 
steroidal antiinflammatory drugs, ibuprofen, naprosyn, Bex 
tra, Vioxx, Celebrex, indomethacin, botulinum toxin, cap 
saicin, Vanilloid agonists, Vanilloid antagonists, VR1, VRL 
1, Steroids, methylprednisolone or chymopapain. Substances 
may be delivered in a biodegradable or time release vehicle 
to provide long-term administration of the Substances. 
0021 Examples of anesthetics and analgesics include, 
but are not limited to lidocaine, chloroprocaine, mepiv 
acaine, ropivacaine, Xylocaine, prilocaine, morphine, bupiv 
ocaine, marcaine, 2-chloroprocain, fentanyl, diamorphine, 
meperidine, methadone, alfentanil, hydromorphone, lofen 
tanil, Sufentanil, buprenorphine, other opiates, adrenergic 
agonists, somatostatin analogs, calcium channel blockers, 
N-methyl-D-aspartate receptor antagonists, ketamine, ben 
Zodiazepines, klonidine, tizanidine, midazolam, levorpha 
nol, heterocyclic antidepressants, nonheterocyclic, seroto 
nin-enhancning antidepressants, GABA analogues, 
psychogenic amines, somatostatin, octreotide, SNX-111, 
midazolam, methylprednisolone acetate, Aristospan, ethyl 
chloride, etidocaine, linocaine, triamcinolone diacatate, 
Astramorph, Duramorph, Dilaudid, Sensorcaine MPF, 
Baclofen (Lioresal), Clonidine, baclofen, codeine, neurontin 
and Demerol. Examples of antibiotics include, but are not 
limited to, Penicillins, Cephalosporins, Tetracycline, Eryth 
romycin, Clindamycin, Vancomycin, Bacitracin, Doxycy 
cline, Ampicillin, Levacquin, Metronidazole, Azithromycin, 
Ciprofloxacin, Augmentin, Bactrim, TMP-SMX, Rocephin, 
Gentamycin, Keflex and Macrobid. 

0022. In some embodiments, the method further 
involves, before introducing the Substance, causing the 
patient to assume a position in which substantial spinal pain 
is experienced. In Such embodiments, the Substance intro 
duced is often an anesthetic or analgesic, and determining 
whether the patient feels the spinal pain after introduction of 
the substance helps determine whether pain is caused by that 
particular disc. Such a method may optionally further 
include positioning a distal portion of a second catheter 
device in a second intervertebral disc, anchoring the distal 
portion of the second catheter device to maintain the distal 
portion in the second disc, and introducing at least one 
Substance into the second disc through the second catheter 
device. The method may also involve, before introducing the 
at least one Substance into the second disc, causing the 
patient to assume a position in which substantial spinal pain 
is experienced, wherein the at least one Substance includes 
at least one anesthetic or analgesic. In some embodiments, 
the method involves determining which of the discs into 
which the at least one substance was introduced is causing 
the patient's spinal pain. Such methods may optionally 
further include performing a discography procedure on the 
intervertebral disc before positioning the distal portion of the 
catheter device in the disc. Alternatively, in other embodi 
ments the discography procedure may be performed on the 
intervertebral disc after introducing the at least one anes 
thetic. 

0023. In one embodiment of this method, the at least one 
Substance is introduced into the disc (or into multiple discs) 
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automatically over a period of time. This may involve, for 
example, coupling the catheter device with an automated 
injection device, which will allow the patient to rest alone in 
a clinic or hospital room, assume various back-pain-gener 
ating positions or the like, while various Substances are 
being introduced into one or more discs. In some embodi 
ments, such a method may also include recording one or 
more patient inputs describing back pain experienced by the 
patient. 

0024. Some embodiments of the method further include 
leaving the catheter device in position with the distal portion 
in the disc and administering the at least one Substance over 
time to provide treatment of spinal pain. As mentioned 
previously, in Some embodiments the Substance(s) may be 
administered over time via a subcutaneous injection port or 
implanted pump, the method further comprising coupling 
the catheter device to the Subcutaneous injection port or 
implanted pump. In alternative embodiments, the Sub 
stance(s) may be administered over time via any other 
suitable combination of devices or other means. 

0025. In another aspect of the present invention, a 
method for identifying an intervertebral disc that is causing 
pain involves positioning a distal portion of a catheter device 
in a disc of a patient, anchoring the distal portion of the 
catheter device to maintain the distal portion in the disc, 
causing the patient to assume a position in which substantial 
spinal pain is experienced, and introducing at least one 
substance into the disc through the catheter. In this aspect, 
the method may include any of the features, steps or 
variations described above. 

0026. In yet another aspect of the present invention, a 
catheter device for introducing one or more Substances into 
an intervertebral disc comprises an elongate flexible catheter 
body and at least one anchoring member disposed along the 
catheter body for anchoring at least part of the distal portion 
of the catheter in the intervertebral disc. The catheter body 
itself has a proximal portion, a self-introducing distal por 
tion for facilitating penetration of an annulus fibrosis of the 
disc, and at least one lumen for introducing one or more 
substances into the intervertebral disc. By “self-introduc 
ing, it is meant that the distal portion of the catheter body 
has at least one feature that facilitates penetration of an 
annulus fibrosis by the distal portion. 

0027. In some embodiments, the anchoring member is 
disposed on or near the distal portion of the catheter, while 
in other embodiments it may be located farther from the 
distal portion or may even be a separate device used to 
anchor the catheter. In various embodiments, the anchoring 
member (or multiple anchoring members) of the catheter 
device may take any of a number of various forms. For 
example, in one embodiment the anchoring member com 
prises at least one expandable member coupled with an 
inflation lumen. In an alternative embodiment, the anchoring 
member comprises at least one shape memory, spring loaded 
or mechanically activated member for increasing the effec 
tive cross-sectional diameter of the catheter body at or near 
the distal portion. Alternatively, the anchoring member may 
comprise at least one outwardly buckling member coupled 
with an inner catheter shaft and an outer catheter shaft of the 
catheter body so as to outwardly buckle when the inner shaft 
is moved axially relative to the outer shaft. In yet another 
embodiment, the anchoring member comprises at least one 
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attachment member for attaching to an annulus fibrosis of 
the disc. Such an attachment member, for example, may 
include at least one threaded surface, spiral needle or the 
like. In another embodiment, the anchoring member com 
prises at least one deformable member to change at least part 
of the distal portion from a Substantially straight shape to a 
Substantially curved or geometric shape. 

0028. In various embodiments, the catheter body may 
have any Suitable configuration, dimensions, features or the 
like. For example, in one embodiment the self-introducing 
distal portion of the catheter body comprises at least one 
pushable portion, the pushable portion having a stiffness 
greater than adjacent portions of the catheter body. Option 
ally, the self-introducing portion may further comprise a 
tapered distal end of the catheter device. In some embodi 
ments, the device may include a pointed Stylet removably 
disposed within a lumen of the catheter device for piercing 
through the annulus fibrosis of the disc. 

0029. A number of features may facilitate passage of the 
catheter body through an introducer device. For example, in 
one embodiment the catheter body includes a friction resis 
tant outer Surface. In some embodiments, the outer diameter 
of the catheter body is less than 2 mm. Also in some 
embodiments, a cross-sectional diameter of the catheter 
body is larger near a proximal end of the body than near a 
distal end of the body. Optionally, the catheter body may 
also include an outer Surface having one or more markings 
for indicating depth of insertion of the catheter device into 
a patient’s body. In alternative embodiments, the catheter 
body may include an outer Surface having two or more 
different colors for indicating depth of insertion of the 
catheter device into a patient’s body. The catheter body may 
further include at least one radioopaque marker or material 
for facilitating visualization of the catheter device in a 
patient. 

0030. In one embodiment, the catheter device includes an 
injection tube extending through at least part of the lumen of 
the catheter body for introducing one or more substances 
into the disc and an inflation tube extending through at least 
part of the lumen for expanding the deployable anchoring 
member. The injection tube may be made of any suitable 
material or combination of materials, such as but not limited 
to stainless steel, tempered stainless steel, annealed stainless 
steel, polymers, and Superelastic alloys. In some embodi 
ments, the injection and inflation tubes exit a proximal end 
of the catheter body and are removably coupled with at least 
one adapter to provide for injection and inflation. In some 
embodiments, the injection and inflation tubes extend 
through at least part of the catheter body lumen coaxially. 
Alternatively, the injection and inflation tubes may extend 
through at least part of the catheter body lumen side-by-side. 
In other embodiments, the injection and inflation tubes may 
extend through part of the catheter body lumen coaxially and 
through another part of the lumen side-by-side. In an alter 
native embodiment of the catheter device, the catheter body 
does not include injection and inflation tubes but instead 
comprises a single extrusion having an injection lumen for 
introducing one or more substances into the disc and an 
inflation lumen for expanding the at least one anchoring 
member. 

0031. In various embodiments, the catheter device may 
have any suitable proximal end configurations for providing 
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connection to one or more injection, inflation, Suction, 
irrigation or other devices, for providing guidewire access 
and/or the like. In one embodiment, for example, a proximal 
end of the proximal portion of the catheter body is bifurcated 
into two separate catheter body proximal ends. In some 
embodiments, each of the two proximal ends is removably 
coupled with an adapter for facilitating injection or inflation 
via either end. Some embodiments of the device also include 
a guidewire having a distal end shaped to maintain the distal 
end within the disc. Such a distal end may include, for 
example, a double guidewire, a coil or a pigtail. Such 
guidewires can be made from any conventional guidewire 
material, including stainless steels and Superelastic materials 
Such as nickel-titanium alloys. Generally, the use of Super 
elastic guidewires is preferred since other materials, such as 
stainless steel, may inadvertently kink in a location distal to 
the tip of the catheter as it is being advanced. If the 
guidewire kinks, it can be difficult to remove the guidewire 
from the catheter, interfering with the remainder of the 
procedure. 

0032. It will also be preferred in some instances to 
provide a guidewire with radioopaque markers. The 
guidewire will have a small diameter, and Superelastic 
materials, such as nitinol, have low visibility under fluoro 
scopic imaging. The radioopacity of the guidewire can be 
improved by adding a radiopaque material in a variety of 
conventional ways. For example, the guidewire can be 
coated with the radioopaque material, a radioopaque core 
may be provided within the guidewire, a radioopaque mate 
rial may be braided over the guidewire, or the material 
provided as ring-like markers. Such coated guidewires hav 
ing improved radioopacity can be manufactured in a variety 
of ways, including sputtering, electroplating, electroless 
plating, and the like. 

0033. In another aspect of the invention, a system for 
introducing one or more Substances into an intervertebral 
disc includes an introducer device and a catheter device 
passable through the introducer device. The catheter device 
includes an elongate flexible catheter body and at least one 
deployable anchoring member disposed along the catheter 
body for anchoring at least part of the distal portion of the 
catheter in the disc. The catheter body includes a proximal 
portion, a self-introducing distal portion for facilitating 
penetration of an annulus fibrosis of the disc, and at least one 
lumen for introducing one or more Substances into the 
intervertebral disc. In various embodiments, the catheter 
device may include any of the features, configurations or 
combinations described above. 

0034. In some embodiments, the system further includes 
a pointed stylet removably disposed within a lumen of the 
catheter device for piercing through the annulus fibrosis. In 
Some embodiments, the system includes a guidewire over 
which the catheter device may be passed within the intro 
ducer device. The catheter device and introducer device may 
have any suitable dimensions, but in one embodiment the 
outer diameter of the catheter body is less than 2 mm. An 
inner diameter of the needle, in Some embodiments, is 
between about 0.1 mm and about 0.01 mm larger than the 
outer diameter of the catheter body. 

0035) In some embodiments, the system may further 
include an automatic injection device removably coupled 
with the catheter device for automatically introducing the at 
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least one substance into the disc. These or other embodi 
ments may optionally further include a recording device for 
recording patient inputs describing pain felt by a patient. 

0036). In another aspect of the present invention, a kit for 
introducing one or more Substances into an intervertebral 
disc includes a catheter device, at least one implantable 
device removably couplable with the catheter device for 
introducing the one or more Substances into a disc over time, 
and instructions for using the catheter device and implant 
able device. The catheter device includes: an elongate flex 
ible catheter body having a proximal portion, a self-intro 
ducing distal portion for facilitating penetration of an 
annulus fibrosis of the disc, and at least one lumen for 
introducing one or more Substances into the intervertebral 
disc; and at least one anchoring member disposed along the 
catheter body for anchoring at least part of the distal portion 
of the catheter within the disc. This catheter device may have 
any of the features described above. 
0037. The implantable device may include any of a 
number of suitable devices in various embodiments. For 
example, in some embodiments the implantable device 
comprises a pump. In other embodiments, the implantable 
device comprises an injection port. 

0038. In various embodiments, the kit may also include 
one or more additional devices, such as but not limited to an 
introducer device for facilitating positioning of the catheter 
device in the disc, a pointed stylet removably disposed 
within a lumen of the catheter device for piercing through 
the annulus fibrosis and/or a guidewire passable through the 
needle. 

0039 These and other aspects and embodiments of the 
present invention are described more fully below with 
reference to the attached drawing figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040 FIGS. 1A-1K illustrate a method for positioning a 
catheter device to introduce a Substance into an interverte 
bral disc, shown from a transverse cross-section of the spinal 
column, according to one embodiment of the present inven 
tion. 

0041 FIGS. 1L and 1M illustrate catheter introduction 
needles having sharpened tips (FIG. 1L) and atraumatic tips 
(FIG. 1M). 
0042 FIG. 1N illustrates a catheter-introducing needle 
having an axial slot and frangible cover to facilitate removal 
of the needle from over the catheter after the catheter has 
been implanted. 

0.043 FIGS. 2A and 2B illustrate part of a method for 
positioning a catheter device to introduce a substance into an 
intervertebral disc using a pointed stylet, according to one 
embodiment of the present invention. 

0044 FIG. 2C illustrates a catheter device in place for 
introducing a Substance into an intervertebral disc and an 
introducer device being split, according to another embodi 
ment of the present invention. 

004.5 FIGS. 2D and 2E illustrate catheters and stylets 
having modified distal ends to enhance coupling during 
introduction of the catheter and stylet assemblies. 



US 2008/0021435 A1 

0046 FIGS. 3A and 3B are perspective and cross-sec 
tional views, respectively, of a distal end of a catheter 
device, according to one embodiment of the present inven 
tion. 

0047 FIGS. 4A and 4B are cross-sectional views of a 
distal end of a catheter device with an anchoring member in 
an undeployed and deployed State, respectively, according to 
one embodiment of the present invention. 
0048 FIGS. 5A and 5B are cross-sectional views of a 
distal end of an alternative catheter device with an anchoring 
member in an undeployed and deployed State, respectively, 
according to another embodiment of the present invention. 
0049 FIGS. 6A and 6B are cross-sectional views of a 
distal end of an alternative catheter device with an anchoring 
member in an undeployed and deployed State, respectively, 
according to another embodiment of the present invention. 
0050 FIGS. 7A and 7B are perspective views of a distal 
end of an alternative catheter device with an anchoring 
member in an undeployed and deployed State, respectively, 
according to another embodiment of the present invention. 
0051 FIG. 8 illustrates a catheter device having a 
deforming, anchoring distal portion, according to one 
embodiment of the present invention. 
0.052 FIG. 9 illustrates a catheter device having a 
deforming, anchoring distal portion, according to another 
embodiment of the present invention. 
0053 FIG. 10A illustrates a longitudinal cross-section of 
a spinal column with a catheter device with a radially 
symmetric anchor, according to one embodiment of the 
present invention. 
0054 FIG. 10B illustrates a longitudinal cross-section of 
a spinal column with a catheter device with a radially 
asymmetric anchor, according to another embodiment of the 
present invention. 
0.055 FIG. 10C illustrates a longitudinal cross-section of 
a spinal column with a catheter device with an elliptical 
shaped anchor, according to another embodiment of the 
present invention. 
0056 FIG. 10D illustrates a longitudinal cross-section of 
a spinal column with a catheter device with a non-spheri 
cally shaped anchor, according to another embodiment of 
the present invention. 
0057 FIG. 11 illustrates a spiral anchor for attaching to 
the annulus fibrosis of an intervertebral disc, according to 
one embodiment of the present invention. 
0.058 FIG. 12 illustrates a distal end of a catheter device 
having a threaded portion for attaching to an annulus fibrosis 
of an intervertebral disc, according to one embodiment of 
the present invention. 
0059 FIG. 13 illustrates a catheter device having two 
anchoring members for anchoring inside and outside an 
annulus fibrosis of an intervertebral disc, according to one 
embodiment of the present invention. 
0060 FIG. 14 illustrates a catheter device coupled with 
an implanted device for facilitating delivery of substances to 
the intervertebral disc, according to one embodiment of the 
present invention. 
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0061 FIGS. 14A and 14B illustrate introduction of a 
treatment or other access catheter into a disc space using a 
transosseous approach. 
0062 FIG. 15A illustrates a catheter device passed over 
a guidewire having a spiral-shaped distal end, according to 
one embodiment of the present invention. 
0063 FIG. 15B illustrates a catheter device passed over 
a guidewire having a ZigZag-shaped distal end, according to 
another embodiment of the present invention. 
0064 FIGS. 16A and 16B illustrate a double-wire 
guidewire in undeployed and deployed states, respectively, 
according to one embodiment of the present invention. 
0065 FIGS. 17A and 17B are perspective and cross 
sectional views, respectively, of a proximal adapter for use 
with a catheter device, according to one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0066 Methods, devices and systems of the present inven 
tion generally provide for introduction of one or more 
Substances into an intervertebral disc to facilitate diagnosis 
and/or treatment of discogenic pain (i.e., back pain origi 
nating in one or more intervertebral discs). Methods, devices 
and systems may be used alone or in conjunction with other 
methods or devices that are currently known or hereafter 
developed, such as discography, radiological studies, physi 
cal examination and/or the like. In alternative embodiments, 
methods and devices of the invention may be used for 
purposes other than diagnosis or treatment, such as for study 
or experimental purposes or the like. Therefore, although the 
following description focuses on diagnostic and therapeutic 
applications, various embodiments may be used for any 
other Suitable application. 
0067 Referring now to FIGS. 1A-1K, a method for 
introducing a Substance into an intervertebral disc is illus 
trated schematically. As seen in FIG. 1A, an intervertebral 
disc D includes an annulus fibrosis AF Surrounding a 
nucleus pulposus NP, and is positioned adjacent a spinous 
process of a vertebra V. Anatomically, the disc D is sand 
wiched between two vertebrae of the spine (not shown), 
which lie on top of and beneath the disc D. 
0068. In one embodiment, an introducer device 2 and a 
pointed obturator 4 are introduced together through the skin 
S of a patient’s back to position their distal ends near the 
intervertebral disc D. Introducer device 2 and obturator 4 
may have any Suitable dimensions, but in one embodiment 
introducer device 2 is about 18-22 gauge and obturator 4 is 
about 20-25 gauge. 
0069. As shown in FIG. 1B, obturator 4 is then removed, 
leaving introducer device 2 in place. As shown in FIG. 1C, 
an injection needle 6 is then passed through introducer 
device 2 and through the annulus fibrosis AF to position its 
distal tip in the nucleus pulposus NP. Position of introducer 
device 2 and/or injection needle 6 may be confirmed using 
X-ray, fluoroscopy, or other Suitable means. In some embodi 
ments, when injection needle 6 is positioned in the nucleus 
pulposus NP. contrast dye may be injected through injection 
needle 6, and the appearance of the contrast dye in the disc 
as well as the patient's response to the injection may be 
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monitored. This part of the procedure generally describes a 
known discography procedure. In alternative embodiments, 
discography may be performed at a later time or no discog 
raphy may be performed. 

0070. After placing injection needle 6, a guidewire 8 may 
be passed through injection needle 6 into the disc, as shown 
in FIG. 1D. Injection needle 6 may then be removed, as 
shown in FIG. 1E, and a catheter device 10 may be passed 
over guidewire 8 through introducer device 2, as shown in 
FIG. 1F. Catheter device 10 is described in further detail 
below, but in one embodiment it may include two or more 
tubes, such as a guidewire tube 11 and an injection or 
inflation tube 12, which may separate proximally to attach to 
multiple adapters or the like. Once catheter device 10 is in 
place, introducer device 2 may be removed, as shown in 
FIG. 1G, and adapters 13 and 14 may be coupled with the 
proximal ends of tubes 11 and 12. Adapters 13, 14 may 
facilitate guidewire passage, inflation of an expandable 
member, injection of one or more substances into the disc 
and/or the like. 

0071 Referring to FIG. 11, one or more anchoring mem 
bers 16 disposed along catheter 10 are deployed to maintain 
a distal portion of catheter 10 in the disc. In one embodi 
ment, anchoring member 16 comprises an expandable bal 
loon, but as is described in more detail below, many other 
types of anchoring members may be used in various alter 
native embodiments. As shown in FIG. 1J, once anchoring 
member 16 is deployed, guidewire 8 may be removed. In 
Some embodiments, as in FIG. 1 K, a marker expandable 
member 17 may be deployed outside the patient’s body. 
With anchoring member 16 and thus the distal portion of 
catheter 10 in place in the disc, one or more Substances are 
introduced into the disc through catheter 10. 

0072. It may sometimes be desired to leave the needle 6 
which introduced the catheter into the disc space in place to 
facilitate advancing and retracting the catheter. Use of a 
conventional needle having a sharpened tip as illustrated in 
FIG. 1L, however, presents a risk of damaging the catheter, 
particularly as the catheter may be retracted proximally 
through the needle. Thus, it may be preferred to employ an 
introducer “needle' having a blunt, rounded, or other atrau 
matic tip, as illustrated in FIG. 1M. In one embodiment, the 
atraumatic tip can be square-cut and the edges rounded to 
form a Smooth surface which will not damage the catheter as 
it is advanced or retracted through the lumen of the needle. 
The tip could also be made of a softer material, a more 
flexible material, be coated with a lubricious material or 
otherwise modified to reduce the risk of damaging the 
catheter. When using a needle having an atraumatic tip, the 
needle may be introduced using a stylet having a sharpened 

0073. When the catheter is delivered through a needle, 
either a sharpened needle as illustrated in FIG. 1L or 
atraumatic needle as illustrated in FIG. 1M, it will often be 
desirable to remove the needle. If the catheter has a proximal 
hub or other enlarged features, it may not be possible to draw 
the needle proximally over the enlarged structure. In Such 
cases, it will often be desirable to use a needle 6 having an 
axial slot 6A, optionally covered by a frangible outer sheath, 
cover, or tube 7. The width of the slot 6A will be sufficient 
to permit the catheter to pass, and the outer tube or sheath 
7 prevents accidental passage of the catheter through the slot 
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6A while the catheter is being introduced. Thus, the material 
of the tube 7 should be strong enough to contain the catheter 
during delivery, but still provide for easy longitudinal tear 
ing when it is desired to withdraw the needle over the 
catheter. Suitable materials include polyester, PET FEP. 
PTFE, polyolefins, nylons, PVCs, neoprenes, and other 
materials. Many of the materials may be heat-shrunk over 
the needle shaft. The needle shaft will typically be a metal, 
Such as stainless steel or nitinol, but could also be composed 
of a polymer having Sufficient strength Such as a polycar 
bonate, a polyethylene, PEEK, a nylon, a polypropylene, or 
the like. The axial slot 6A may be formed in the needle by 
cutting or machining the opening, typically for metal needle 
shafts, or by extruding the material that has a C-shaped 
cross-section, typically for polymers. Although usually 
being straight, the longitudinal opening 6A could have other 
geometries, such as spiral, ZigZag, or other arbitrary shape. 
The outer tube 7 may be opened by tearing, shearing, and the 
like, and may be pre-scored, perforated, or otherwise weak 
ened to assist in separation. In addition to heat-shrinking, the 
outer tube could be attached to the shaft of the needle by 
melting, adhesives, or the like. 

0074 The method just described is but one embodiment 
of a technique for placing and anchoring a distal portion of 
a catheter within a disc and introducing a Substance therein. 
In various alternative embodiments, any number of suitable 
changes to the technique. Such as additions or deletions of 
various steps, use of varied devices and the like, may be 
made without departing from the scope of the present 
invention. 

0075 FIGS. 2A and 2B illustrate part of an alternative 
embodiment of a method for passing a catheter device 20 
into a disc for introducing one or more substances. In this 
embodiment, rather than employing a guidewire passed 
through an injection needle, catheter device 20 is passed 
through an introducer device 22 with a pointed stylet 24 
extending through a lumen of catheter 20 and out its distal 
tip. Stylet 24 enables catheter 20 to be passed through the 
tough annulus fibrosis AF without the help of a guidewire 
and injection needle. Stylet 24 is then removed, as shown in 
FIG. 2B, to leave catheter 20 in position for anchor deploy 
ment and Substance introduction. 

0.076 Stylets such as illustrated in FIGS. 2A and 2B are 
usually much more rigid in both the axial and bending 
directions than the catheter which is being advanced. The 
catheter can freely slide relative to the stylet. There is a risk 
that the catheter will differentially deflect and separate from 
the stylet. In order to prevent such separation, the tips of the 
stylet and the catheter can be modified to hold them together. 
For example, the stylet 24 may have a step or other geometry 
at its distal end which mates with a complementary shape 
formed inside the distal tip of the catheter 20, as illustrated 
in FIG. 2D. Alternatively, the stylet 24 may have a tapered 
or cone-shaped distal end which mates with a similar shape 
in the distal end of the catheter 20, as illustrated in FIG. 2E. 
The distal ends of the catheter and the stylet could also be 
modified to have mating threaded ends for a more secure but 
still releasable attachment. 

0077 Optionally, the distal tips of the stylets may be 
made to be radioopaque in order to enhance fluoroscopic 
imaging. For example, at least the distal portions of the 
stylets 24 could be composed at least partly, or plated with, 
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a radioopaque material Such as platinum, iridium, or gold. 
The remaining portions of the stylet may be made from 
stainless steel, nitinol, or other materials having the desired 
column strength and flexibility to provide for “pushability” 
of the combination of stylet 24 and catheter 20. By providing 
a stylet tip which is inherently radioopaque, the number of 
components and the profile or cross-section of the combined 
device (including both the stylet 24 and catheter 20) may be 
reduced. Reducing profile is advantageous, since it facili 
tates entry into the disc space through the annulus fibrosis. 
0078 Referring now to FIG. 2C, a method for introduc 
ing a catheter device 21 into a disc to inject one or more 
Substances may be facilitated in one embodiment through 
use of a split-away introducer device 23. Split-away intro 
ducer device 23 may be used just as the introducer devices 
have been described above. Rather than removing split 
away introducer device 23 by sliding it off the proximal end 
of catheter device 21, however, split-away introducer device 
23 is split along its length to be removed from catheter 
device 21. Split-away introducer device 23 may be con 
structed from any suitable material or materials so as to 
readily tear, crack, fissure, rip or separate along the length of 
needle 23. Splitting may be accomplished by including a 
perforation, thin section or other weakness along the length 
of needle 23. 

0079 Typically, once a catheter device is in place, with a 
distal portion residing in a disc and one or more anchoring 
members deployed to maintain the catheter's position, the 
patient is instructed to assume a position or perform a task 
that typically causes the patient pain, such as bending over 
to pick up an object or the like. A Substance is then 
introduced into the disc, and the patient is asked to relate 
whether pain is lessened, eliminated, remains the same or 
the like. In various embodiments, the patient is asked to rate 
the experienced pain on a scale of 1 to 10 before and after 
introduction of Substances into the disc. In one embodiment, 
the Substance introduced is an anesthetic or analgesic, and 
thus may alleviate the patient’s pain if injected into the disc 
that is actually causing the pain. In some instances multiple 
injections are performed, and one or more injected Sub 
stances may be placebos, to test the accuracy of the test 
results. Again, Such testing may be performed either alone or 
before or after traditional discography. In some embodi 
ments, multiple discs of one patient may be accessed and 
tested. Also in Some embodiments, testing may be per 
formed over a prolonged period of time, to test multiple 
discs and/or to enhance the accuracy or certainty of test 
results. 

0080. In various embodiments, any of a number of dif 
ferent substances may be introduced into a disc. For different 
purposes, such as diagnosis or treatment of discogenic pain, 
study purposes or experimentation or the like, introduction 
of different substances may be warranted. Examples of 
possible Substances that may be introduced into a disc 
include, but are not limited to anesthetics; analgesics; anti 
biotics; hydrating agents such as hypotonic saline, isotonic 
saline or hypertonic saline; Supportive agents such as a 
hydrogel, ethylene-vinyl alcohol copolymer, Dimethyl Sul 
foxide or Tantalum; prolotherapy agents such as sodium 
morrhuate, cod oil, phenol, minerals or ethyl alcohol; and/or 
other agents such as collagen, stem cells, Osteogenic Pro 
tein-1, ethanol, alcohol, Steroids, radio-opaque contrast 
agents, ultrasound contrast agent, Bone Morphogenetic Pro 
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tein (BMP), BMP-2, BMP-4, BMP-6, BMP-7, BMP-12, 
Serotonin 5-HT2A receptor inhibitors, LMP-1, TIMP-1, 
TGF-1, TGF-2, Rofecoxib, Ketorolac, Glucosamine, Chon 
droitin Sulfate, Dextrose, DMSO, non-steroidal antiinflam 
matory drugs, ibuprofen, naprosyn, Bextra, Vioxx, Celebrex, 
indomethacin, botulinum toxin, capsaicin, Vanilloid ago 
nists, vanilloid antagonists, VR1, VRL-1, steroids, methyl 
prednisolone or chymopapain. Substances may be delivered 
in a biodegradable or time release vehicle to provide long 
term administration of the Substances. 

0081 Examples of anesthetics and analgesics include, 
but are not limited to lidocaine, chloroprocaine, mepiv 
acaine, ropivacaine, Xylocaine, prilocaine, morphine, bupiv 
ocaine, marcaine, 2-chloroprocain, fentanyl, diamorphine, 
meperidine, methadone, alfentanil, hydromorphone, lofen 
tanil, Sufentanil, buprenorphine, other opoids, adrenergic 
agonists, somatostatin analogs, calcium channel blockers, 
N-methyl-D-aspartate receptor antagonists, ketamine, ben 
Zodiazepines, klonidine, tizanidine, midazolam, levorpha 
nol, heterocyclic antidepressants, nonheterocyclic, seroto 
nin-enhancning antidepressants, GABA analogues, 
psychogenic amines, somatostatin, octreotide, SNX-111, 
midazolam, methylprednisolone acetate, Aristospan, ethyl 
chloride, etidocaine, linocaine, triamcinolone diacatate, 
Astramorph, Duramorph, Dilaudid, Sensorcaine MPF, 
Baclofen (Lioresal), Clonidine, baclofen, codeine, neurontin 
and Demerol. Examples of antibiotics include, but are not 
limited to, Penicillins, Cephalosporins, Tetracycline, Eryth 
romycin, Clindamycin, Vancomycin, Bacitracin, Doxycy 
cline, Ampicillin, Levacquin, Metronidazole, Azithromycin, 
Ciprofloxacin, Augmentin, Bactrim, TMP-SMX, Rocephin, 
Gentamycin, Keflex and Macrobid. 

0082. As already mentioned, in some embodiments the 
method further includes leaving the catheter device in place 
to provide treatment of a patient’s back pain, Such as with 
anesthetic or analgesic agent(s) or other Substances. In some 
embodiments, the catheter device may be coupled with an 
implantable pump, injection port or other device to provide 
Such treatment. 

0083) Referring now to FIGS. 3A and 3B, a distal portion 
of a catheter device 30 according to one embodiment is 
shown in perspective view and cross-sectional view, respec 
tively. Catheter device 30 suitably includes a catheter body 
32, which includes an expandable anchoring member 36, 
houses an inflation tube 34 and an injection tube 38, and has 
several radioopaque markers 33 disposed along its distal 
portion. Anchoring member 36 enables a distal portion of 
catheter device 30 to be maintained in a position within a 
disc. Inflation tube 34 is used to expand anchoring member 
36, which in the embodiment shown comprises an expand 
able balloon. Injection tube 38 is used to introduce one or 
more fluids into the nucleus pulposus of the disc. 
Radioopaque markers 33 facilitate visualization of the distal 
portion of catheter device 30 so that its location may be 
assessed before, during or after a diagnostic or therapeutic 
procedure. 

0084. In various embodiments, the distal portion of cath 
eter device 30 may have one or more features that facilitate 
advancement of the distal portion through an annulus fibro 
sis of an intervertebral disc. A distal portion having one or 
more such features is generally referred to as “self-intro 
ducing.” Therefore, by “self-introducing it is meant simply 
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that the distal portion has one or more features for facilitat 
ing its passage through annulus fibrosis tissue. Such features 
may include, for example, one or more sections on a catheter 
shaft that are stiffer than adjacent sections to help make the 
shaft pushable. Another feature may comprise a tapered or 
pointed distal tip for piercing through annulus fibrosis. In 
some embodiments, catheter device 30 may be coupled with 
a removable, pointed stylet. These or any other suitable 
features may be included in a distal portion of catheter 
device 30 for facilitating passage through an annulus fibro 
S1S. 

0085. The various components of catheter device 30 may 
be constructed from any suitable materials and may have 
any Suitable shapes, sizes, dimensions or the like in various 
embodiments. In one embodiment, for example, the cross 
sectional diameter of catheter body 32 decreases along its 
length from its proximal end to its distal end. Such a tapered 
configuration may allow catheter device 30 to be easily 
introduced through an introducer device. The outer diameter 
of catheter body 32 will also generally be slightly smaller 
than an inner diameter of an introducer device. In one 
embodiment, for example, catheter body 32 has an outer 
diameter of about 2 mm or less along at least part of its 
length. 

0086. In various embodiments, catheter body 32 may 
comprise a rigid single polymer or a composite consisting of 
reinforced metallic or polymeric components. Metallic com 
ponents may include, for example, stainless steel, nitinol or 
other Superelastic alloys. Polymers may include, but are not 
limited to Polyetheretherketone (PEEK), Polyether Block 
Amide (PEBAX), Nylon, Polyester, Polyolefin, polyamide, 
Polyimide, Polycarbonate, Polypropylene, Fluorinated Eth 
ylene Polymer (FEP), Perfluoroalkoxy (PFA), Polytetrafluo 
roethylene-Perfluoromethylvinylether (MFA), Polyurethane 
or Low density polyethylene (LDPE). Such materials may 
be reinforced with coils or braids in some embodiments. The 
materials may also be coated internally or externally with 
materials the resist friction such as Teflon (Poly-Tetra 
Flouro-Ethylene), hydrophilic materials, parylene or the 
like. 

0087. In various embodiments, catheter shaft may 
include one or more radiopaque markers 33 and/or may be 
made from one or more radiopaque materials to facilitate 
visualization. Such radiopaque markers/materials may 
include, but are not limited to, gold, Platinum, Iridium, 
Tungsten, Tantulum, resins containing Barium Sulfate, Bis 
muth trioxide or Tungsten and/or the like. 

0088 Anchoring member 36 may also be made of any 
suitable materials now known or discovered in the future, 
according to various embodiments. For example, expand 
able anchoring member 36 may comprise flexible polyvinyl 
chloride (PVC), Polyethylene, Polyether Block Amide 
(PEBAX), Polyethylene Terepthalate (PET), Polyester, 
Nylon, Polyurethanes, Polyether Block Amide (PEBAX), 
Polyolefins or any suitable combination thereof. Various 
adhesives may be used to attach anchoring member 36 to 
catheter shaft 32 or for any other suitable purpose. Any 
Suitable adhesive(s) may be used, such as but not limited to, 
light activated acrylics, light activated cyanoacrylates, light 
activated silicones, heat activated adhesives, ambient curing 
adhesives, cyanoacrylates, epoxy adhesives, and/or polyure 
thane adhesives. Various parts of catheter device 30 may 
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also be attached using alternative means, such as friction 
fitting, Snap fitting, Screw fitting, application of energy Such 
as thermal or radiofrequency energy, and/or the like. 
0089 Referring now to FIGS. 4A and 4B, in another 
embodiment a catheter device 40 comprises an outer shaft 
42, an inner shaft 44, and an anchoring member 46 coupled 
with both outer shaft 42 and inner shaft 44. Shafts 42, 44 are 
axially slidable relative to one another, such that when inner 
shaft 44 is moved proximally relative to outer shaft 42, 
anchoring member 46 buckles outward to perform its 
anchoring function, as shown in FIG. 4B. In this embodi 
ment, inner shaft 44 acts as an injection lumen and also 
possibly as a guidewire lumen, and no inflation lumen is 
needed. In one embodiment, anchoring member 46 may be 
constructed as a cylinder with slots or other shapes cut out 
of it to form column-like buckling structures. Components 
of this embodiment may be made of the same or different 
materials as just described. 
0090. An alternative embodiment of a catheter device 50 
is shown in FIGS. 5A and 5B. Here, catheter device 50 
includes an outer shaft 52, an inner shaft 54, an anchoring 
member 56 coupled to outer shaft 52 and inner shaft 54, and 
a sheath 58 slidably disposed over outer shaft 52. When 
sheath 58 is disposed over anchoring member 56, as in FIG. 
5A, anchoring member 56 remains in an undeployed state 
suitable for delivery into the disc. When sheath 58 is 
retracted and/or outer shaft 52 is advanced, as in FIG. 5B, 
anchoring member 56 may be deployed. In some embodi 
ments, anchoring member 56 may be deployed via buckling 
or via inflation, as described above. In other embodiments, 
anchoring member 56 may self-expand, for example if it is 
comprised of shape-memory or spring-loaded materials that 
expand when released from sheath 58. 
0.091 Referring now to FIGS. 6A and 6B, in another 
embodiment a catheter device 60 includes an outer shaft 62 
having an expandable anchoring portion 66 and an inner 
shaft 64. Expandable anchoring portion 66 generally com 
prises a buckling portion of outer shaft 62 and may include 
multiple features such as Small cut-outs 68 and larger 
openings 67. When a proximal portion of outer shaft 62a is 
moved toward a distal portion of outer shaft 62b, anchoring 
member 66 buckles, due to features 67, 68, thus providing 
the anchoring function. 

0092. With reference now to FIGS. 7A and 7B, another 
embodiment of a catheter device 70 is illustrated having a 
catheter shaft 72 and retractable tine anchors 76. Tine 
anchors 76 may be deployed from a retracted state, as in 
FIG. 7A, to a deployed state, as in FIG. 7B. Tine anchors 76 
may be pre-bent so that they readily take on a pre-deter 
mined shape when deployed out of catheter body 72, and 
anchors 76 may be made of metal. Such as stainless steel or 
shape-memory metal such as Nitinol, polymers, or any other 
suitable material. In various embodiments, tine anchors 76 
may be deployed either by pushing them out of their housing 
lumens or by releasing them from constraint to allow them 
to self-deploy. 

0093. In other embodiments, and with reference now to 
FIGS. 8 and 9, a distal portion of a catheter device may 
deform to anchor the distal portion in the disc D. In one 
embodiment, as in FIG. 8, a catheter device 80 may have a 
distal portion 82 that deforms to a spiral configuration. In 
another embodiment, as in FIG. 9, a catheter device may 
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have a distal portion 86 that deforms to a Zig-Zag configu 
ration. Any other Suitable shape for a distal portion may be 
used in various embodiments. Deformation of a distal por 
tion may be achieved by any Suitable means, such as by 
using a shape-memory or spring-loaded material, by using a 
pull cord, tendon, stylet or other actuator to deform the distal 
portion or the like. 
0094 FIGS. 10A-10D illustrate that an anchoring mem 
ber of a catheter device may have any suitable shape, size, 
configuration, orientation to the catheter shaft or the like, in 
various embodiments. In the embodiment shown in FIG. 
10A, for example, an anchoring member 100 of a catheter 
device is shown in cross-section within a disc D between 
two vertebrae V. In this embodiment, anchoring member 100 
has a circular cross-sectional shape and is disposed concen 
trically over a catheter shaft 102 of the catheter device. In the 
embodiment shown in FIG. 10B, an anchoring member 104 
is asymmetrically attached to a catheter shaft 106 and has a 
non-circular, asymmetric shape. In the embodiment shown 
in FIG. 10C, an anchoring member 108 is concentrically 
disposed over a catheter shaft 110 and has an elliptical 
cross-sectional shape. FIG. 10D shows a longitudinal view 
of a catheter device 112 having an approximately conical 
shaped anchoring member 114. This embodiment demon 
strates that anchoring member 114 may have not only 
various cross-sectional shapes but also various longitudinal 
shapes in various embodiments. 
0.095 Referring now to FIG. 11, yet another embodiment 
of a catheter device 116 advanced over a guidewire 120 
includes an anchoring member 118 that attaches to annulus 
fibrosis AF of a disc to maintain the distal portion of device 
116 in the disc D. Here, anchoring member 118 comprises a 
spiral needle that may be screwed, twisted or otherwise 
driven into the annulus fibrosis AF. 

0096 FIG. 12 shows another embodiment of a catheter 
device 122, in this case comprising a catheter shaft having 
threads 126 for anchoring in an annulus fibrosis. In various 
embodiments, any other Suitable means for anchoring into 
the annulus fibrosis may be used. Such as hooks, anchors, 
barbs, T-tags or the like. 
0097. With reference now to FIG. 13, in another embodi 
ment a catheter device 128 includes two an outer anchoring 
member 130 for anchoring outside the annulus fibrosis AF 
and an inner anchoring member 132 for anchoring inside the 
disc D, typically in the nucleus pulposus NP. As shown here, 
anchoring members 130, 132 may comprise expandable 
members, such as inflatable balloons. In other embodiments, 
alternative anchoring members may be used, more than two 
anchoring members may be used and/or the like. Using two 
anchoring members 130, 132 may further ensure that a distal 
portion of catheter device 128 remains in position within the 
disc. 

0.098 As discussed above, and referring now to FIG. 14, 
in Some embodiments a catheter device 134 having an 
anchoring member 136 may be used for treating discogenic 
pain. In some embodiments, catheter device 134 may be 
coupled with an implantable device 138 for providing treat 
ment, implantable device 138 being positioned under a 
patient’s skin S or in any other suitable location in the 
patient’s body. Implantable device 138 may comprise, for 
example, an implantable pump with or without a drug 
reservoir, an implantable drug infusion/injection port, tran 
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scutaneous electrical nerve stimulation (TENS) device or 
any other suitable device in various embodiments. Sub 
stances introduced into the disc DS via catheter device 134 
and implantable device 138 may include any of the sub 
stances listed above, Such as an anesthetic or analgesic to 
relieve pain. Implantable device 138 may be left in the 
patient for any Suitable length of time to provide treatment. 

0099. In one embodiment, implantable device 138 may 
comprise an implantable pump 139. In some embodiments 
the pump may be programmed to deliver drug from an 
attached reservoir into the nucleus pulposus at a constant 
rate, at programmed intervals, upon triggering by the patient 
or physician through the use of an external device capable of 
communicating with the pump, such as but not limited to 
magnetic reed Switches, electromagnetic wave communica 
tion devices such as visible light, radio-wave, microwave, or 
short-wave, or wireless communication protocols such as 
Bluetooth. In some embodiments, the patient may control 
pump-mediated drug delivery by physically manipulating 
Switches, toggles, or other similar devices coupled with the 
pump. Optionally, the implantable pump may be configured 
to store data related to the usage pattern of the drug by the 
patient. This information could be downloaded for review 
through wireless communication with an external device 
Such as those listed above. In embodiments having a drug 
reservoir, the implantable device may also include an injec 
tion port to allow the reservoir to be refilled transcutane 
ously. 

0.100 The distance between the disc D and the surface of 
the skin can change as the patient moves. To prevent the 
distal end of catheter device 134 and anchoring member 136 
from pulling out of the nucleus, a mechanism for providing 
strain relief in the attachment between catheter device 134 
and implantable device 138 may be provided. In one 
embodiment, for example, catheter device 134 may extend 
between implantable device 138 and the disc D in a circular, 
spiral, curved, serpentine, or otherwise nonlinear path, thus 
providing an amount of slack (as shown in broken line) in 
catheter device to allow for movement between the disc D 
and the implantable device 138 with patient movement. 

0101 Implantable catheter devices, such as catheter 
device 134, will be provided with anchoring members 136, 
which typically may be inflatable balloons or other struc 
tures. Preferably, the catheter devices 134 will have an 
integral balloon inflation lumen, or will be provided with 
separate balloon inflation tubes to permit inflation of the 
balloon anchor 136 after proper positioning of the catheter. 
Rather than using a stopcock or other valve structure for 
providing balloon inflation, the catheter devices 134 may be 
provided with self-sealing septum structures at an end of the 
inflation lumen. Optionally, the catheter devices 134 could 
also include Substance delivery lumens which also terminate 
at a proximal end in a self-sealing septum to allow for drug 
and substance delivery after the device has been implanted. 
Suitable septum materials include silicone, rubber, latex 
rubber, isoprene rubber, polyisoprene rubber, and numerous 
other known materials. 

0102 Alternatively, a balloon inflation lumen on the 
catheter device 134 or separate balloon inflation tube could 
be sealed using a Suture, clip, filament loop, or any of a 
variety of other external closure elements. Such clips or 
crimps could be formed from a spring-like material. Such 
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that they can be pre-shaped to collapse the inflating lumen. 
Alternatively, the clips or crimps could be deformable so 
that they could be tightened over the balloon inflation lumen 
to effect closure. In both cases, multiple closure members 
could be placed at different points along the balloon inflation 
lumen in order to enhance the seal. Moreover, the closure 
elements could be removable to permit deflation and rein 
flation of the balloon, should it be desired during or after 
implantation. The closure elements could also be removed to 
permit deflation of the balloon for explantation of the 
catheter. 

0103 As a further alternative, the balloon inflation lumen 
could be sealed using heat, adhesives, or ultrasonic energy, 
resulting in melting or fusing of the lumen. Heat can come 
from a variety of Sources, including electrical resistance 
heaters, electrical inductive heaters, or the like. 
0104. To facilitate delivery of a distal portion of a cath 
eter device into a disc D, and with reference now to FIG. 
15A, some systems include a shaped guidewire 146 config 
ured to maintain a distal portion of guidewire 146 within the 
disc during delivery of the catheter device. As shown in FIG. 
15A, guidewire 146 is delivered through an injection needle 
142, which has been delivered through an introducer device 
140. When a distal portion of guidewire 146a is advanced 
out of the distal end of injection needle 142, it assumes a 
shape, in this case a spiral shape, which secures distal 
portion 146a in the disc. Guidewire 146 may be formed of 
any Suitable material to provide for Such a shape change, 
Such as but not limited to shape-memory materials such as 
Nitinol, spring stainless steel or the like. In some embodi 
ments, a distal tip of the guidewire includes one or more 
radiopaque markers, coils or the like, or is made of one or 
more radiopaque materials. 
0105. As shown in FIG. 15B, in another embodiment a 
guidewire 148 has a distal portion 148a that assumes a 
Zig-Zag shape upon being advanced beyond the distal end of 
injection needle. In various embodiments, guidewires may 
have distal portions with any Suitable shapes for anchoring 
in the disc D. 

0106 Referring now to FIGS. 16A and 16B, in one 
embodiment a guidewire 150 has a double-wire configura 
tion for enhancing its ability to maintain its position within 
a disc D. Double-wire guidewire 150 includes two wires 
joined at their distal ends, the attachment being achieved by 
welding, Soldering, bonding, gluing, folding a single wire, or 
any other suitable technique. As shown in FIG.16A, a distal 
end of guidewire 150a may be delivered into the disc D in 
a relatively straight, undeployed configuration. Double-wire 
guidewire 150 is then deployed, as shown in FIG. 16B, by 
differentially pushing or pulling on one of the wires of the 
double wire guidewire causing distal portion 150a to 
deform. In its deployed state, double-wire guidewire 150 is 
less likely to dislodge or pull out of the disc D than a 
single-wire guidewire. 

0107 As described thus far, the disc space has been 
accessed using a transannular approach. As illustrated in 
FIGS. 14A and 14B, however, in some cases it may be 
preferable to approach the nucleus pulposus NP through the 
adjacent vertebral body V in a transosseous approach, i.e., 
across the bone. Use of a transosseous approach avoids the 
necessity of performing an annulotomy, thus avoiding punc 
turing and potentially damaging the annulus fibrosis AF. In 
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the transosseous approach, the catheter 134 passes through 
the vertebral body V and into the disc space. As shown in 
FIG. 14A, the catheter 134 may pass through a single 
vertebral body into the adjacent disc space. In some cases, 
however, it may be desirable to pass the catheter 134 through 
multiple disc spaces, as shown in FIG. 14B, deploying the 
anchoring member 136 in the distal-most disc space, or 
alternatively in one of the vertebral bodies. Such an 
approach is advantageous since it permits treatment of 
multiple disc spaces simultaneously. The disc space or 
spaces could be accessed from the Superior or inferior 
vertebral body. The transosseous approach could be per 
formed by drilling or chiseling an access path through the 
vertebral body using a twist drill bit, a abrasive burr, sharp 
chisel, or other tools known in the art of surgery. The tool 
utilized to make the access path in the bone can be intro 
duced alone or through the introducer needle. In some cases 
it may be necessary to pre-bend the introducer needle or tool 
to achieve the correct angle for the access hole in the 
vertebral body. 

0108). With reference to FIGS. 17A and 17B, one embodi 
ment includes one or more adapters 160 for removably 
coupling with one or more proximal ends of a catheter 
device 162. Adapter 160 is typically coupled with catheter 
device 162 after the distal end of catheter device 162 is in 
place within the disc and after the introducer device, stylet 
or the like has been removed, although in alternative 
embodiments adapter 160 may be coupled with catheter 
device 162 at any other suitable time. Adapter 160 may 
comprise or resemble a Touhy Bourst adapter, compression 
fitting, instant tube fitting, or other similar adapter or con 
nector. In one embodiment, adapter includes a distal sealed 
connector 164, a proximal sealed connector 166 having an 
injection port 167, an anchoring member inflation port 168, 
and a stopcock 169 for controlling fluid flow through 
inflation port 168. Injection port 167 is in fluid communi 
cation with a lumen of catheter device 162 and may be used 
for injection of Substance(s) into the disc and/or for passage 
of a guidewire. Injection port 167 and inflation port 168 may 
include leur fittings, press fits, barbs or any other suitable 
tube connection methods. Proximal sealed connector 166 
and distal sealed connector 164 may be activated by rotating 
the sealed connectors on threads, automatic press activation, 
spring actuation or any other Suitable method. 

0.109. In addition to implantable devices and proximal 
adapters, a catheter device in some embodiments may be 
coupled with one or more automated injection devices. Such 
injection devices may facilitate testing of one disc or mul 
tiple discs over an extended period of time, with only 
periodic Supervision by a physician, nurse or other clinician. 
For example, the patient could remain in clinic or hospital 
room while a series of Substances are introduced into a disc, 
while the patient assumes different positions to test the pain 
response, while Substances are injected into multiple discs 
through multiple catheter devices and/or the like. Such an 
automated System may facilitate and enhance diagnosis of 
discogenic pain by allowing for more extensive testing. In 
Some embodiments, such a system may also include a device 
for recording patient pain responses, such as an instrument 
that allows a patient to record pain felt before and after an 
injection on a scale from 1 to 10 and/or to relate the pain felt 
to the patient's usual back pain. 
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0110 Although the foregoing is a complete and accurate 
description of the invention, a number of changes, additions, 
variations and the like may be made to various embodiments 
without departing from the scope of the invention. There 
fore, the description is provided primarily for exemplary 
purposes and should not be interpreted to limit the scope of 
the invention as set forth in the claims. 

What is claimed is: 
1. A method comprising: 
delivering a Substance from a device implanted in a 

patient’s body through a catheter into an intervertebral 
disc, wherein the distal portion of the catheter is 
anchored in the intervertebral disc. 

2. The method according to claim 1, wherein the device 
comprises an implantable pump. 

3. The method according to claim 1, further comprising: 
identifying the intervertebral disc as a source of the 

patient’s pain. 
4. The method according to claim 3, wherein the sub 

stance is an anesthetic and identifying comprises having the 
patient reposition his or her spine in a manner which would 
be expected to cause pain in the intervertebral disc. 

5. The method according to claim 1, wherein the sub 
stance is a treatment agent. 

6. The method according to claim 1, further comprising: 
increasing a cross-sectional diameter of the catheter at one 

or more locations on the catheter to anchor the catheter 
in the intervertebral disc prior to delivering the sub 
Stance. 

7. The method according to claim 1, further comprises: 
expanding an anchoring member on the catheter to anchor 

the catheter in the intervertebral disc prior to delivering 
the Substance. 

8. The method according to claim 1, wherein the catheter 
is anchored in the intervertebral disc via an inflatable 
balloon. 

9. A system comprising: 
an elongated body, wherein a distal portion of the elon 

gated body includes an anchoring member configured 
to anchor the distal portion of the elongated body in an 
intervertebral disc; and 

an implantable devices coupled with the elongated body. 
10. The system according to claim 9, wherein the implant 

able device is configured to deliver a medical treatment. 
11. The system according to claim 10, wherein the 

implantable device is further configured to treat discogenic 
pa1n. 

12. The system according to claim 9, wherein the implant 
able device is configured to deliver a substance through the 
elongated body into the intervertebral disc. 

13. The system according to claim 9, wherein the elon 
gated body comprises a catheter. 
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14. The system according to claim 9, wherein the implant 
able device comprises an injection port which delivers drug 
to the elongate body. 

15. The system according to claim 9, wherein the implant 
able device comprises a pump. 

16. The system according to claim 9, further comprising: 

an external device configured to communicate with the 
implantable device. 

17. The system according to claim 9, wherein the implant 
able device is configured to store data related to a usage 
pattern of the implantable device. 

18. The system according to claim 9, wherein the implant 
able device is further configured to deliver an electrical 
stimulation. 

19. The system according to claim 9, wherein the anchor 
ing member comprises an expandable member. 

20. The system according to claim 9, wherein the anchor 
ing member comprises an inflatable balloon. 

21. The system according to claim 9, wherein the anchor 
ing member is configured to increase a cross-sectional 
diameter of the catheter at one or more locations on the 
catheter. 

22. A device comprises: 

a catheter wherein the distal portion of the catheter is 
configured for placement within an intervertebral disc; 

an anchor configured to secured the distal portion of the 
catheter in the intervertebral disc; and 

an implantable device configured to deliver a treatment to 
the intervertebral disc through the catheter. 

23. The device according to claim 22, further comprising: 

a mechanism for providing strain relief, wherein a distal 
end of the mechanism is connected to the catheter, and 
a proximal end of the mechanism is connected to the 
implantable device. 

24. The device according to claim 22, wherein the anchor 
comprises an expandable member. 

25. The device according to claim 24, wherein the anchor 
comprises an inflatable balloon. 

26. The device according to claim 22, wherein the anchor 
is configured to increase a cross-sectional diameter of the 
elongated body at one or more locations on the elongated 
body. 

27. The device according to claim 22, wherein the 
implantable device comprises an electrical nervestimulation 
device. 

28. The device according to claim 22, wherein the 
implantable device comprises a pump. 

29. The device according to claim 28, wherein the 
implantable device comprises a drug infusion pump. 


