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METHODS AND DEVICES FOR DELIVERING INJECTIONS

RELATED APPLICATIONS

[0001] This is a non-provisional application of U.S. Provisional Application No.
61/123,028 filed April 2, 2008. The contents of which are incorporated herein by reference

in their entirety.

FIELD OF THE INVENTION

[0002] The present invention is drawn to devices and methods for improved injection
systems. Variations of the devices and methods of the injection systems provide atraumatic
injection delivery within a spinal column while minimizing the likelihood of causing

adverse events.

BACKGROUND OF THE INVENTION

[0003] Annually, millions of Americans sufféer from significant spine related pain and
discomfort. Where the cervical, thoracic, and lumbar vertebrae and discs can be the source
of this pain and discomfort. In one estimate, pain perceived in the neck or upper limbs that
is caused by irritation in the nerves that exit the cervical spine through the foramen affects a
population of approximately 1 person per 1000 per year. As a result, every year physicians
in the United States perform an estimated 750,000 transforaminal cervical injections to
treat these patients.

[0004] . While the nerve irritation and resultant inflammation causing this spinal pain has a
varicty of ctiologics that rcsult in contact between the nerve and the adjacent structures in
the spine, transforaminal injections of corticosteroids can relieve this irritation and reduce
the accompanying pain.

[0005] " Injections of corticosteroids and or local anesthetics. into isolated areas of the
epidural space are important treatment and diagnostic modalities- for patients suffering from
spinal pain syndromes. Isolation of the injection to a specific spinal level is accomplished
by using a transforaminal approach. This is distinguishable from the traditional trans-
laminar approach of spinal epidural injections commonly used for anesthesia.

[0006] Presently, physiatrists, anesthesiologists, radiologists, neurologists, and orthopedic
surgeons perform such transforaminal injections undér fluoroscopic guidance using a C-
Arm fluoroscope, a standard spinal needle, and three 3cc syringes. One current technique
in providing thesc injections includes conscious sedation of the patient through the use of

local anesthetic and anxiolytics. The operator performs the procedure using multi-plane
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fluoroscopy to guide the needle into position and to verify correct location of the delivery
device prior to injection of the substance.

[6007] As shown in Fig. 1, existing delivery devices include a 20 — 25 gauge hypodermic
needle 1 that is inserted through the skin, muscle and soft tissues 10. Using fluoroscopy,
the operator positions the distal end of the needle immediately adjacent to a portion of a
vertebral body 12 at the level of the desired injection. Typically when delivering the
injection in a cervical region of the spine, this includes positioning the tip of the needle
immediately adjacent to a posterior inferior aspect of a superior articular process 14 of a
facet joint of the vertebral body 12 at an index foraminal level chosen for the injection.
Care must be taken to avoid puncturing the vertebral arteries or veins 16 extending through
foramens in the vertebral body 12.

[0008] To test the initial placement of the needle it is standard for the operator to initially
inject a contrast media, such as a radio opaque dye. This step is uscful to determine
whether the needle is undesirably located in a blood vessel 16 or in the dural membrane 18.
To verify whether the needle is desirably placed, the operator observes under fluoroscope
for negative indication of veneous, arterial, or cerebrospinal uptake of the dye. Upon
confirming the correct location, the needle is left in position while the syringe containing
the radio opaqﬁe dye is carefully removed from the needle and replaced by a syringe
containing a local anesthetic such as lidocaine. As explained below, the operator must take
great care not to avoid any inadvertent movement or advancement of the needle especially
during exchange of the syringes.

[0009] The operator then injects a small bolus of lidocaine (or a local anesthetic of choice)
and waits a sufficient period (e.g., sixty seconds) to allow for the anesthetic to disperse.
During this time the operator observes the patient for adverse reactions resulting from
accidental vascular uptake or injection into the dural sleeve or thecal sac. Although
placement of the needle was observed using the radiopaque dye, there is still a risk of
accidental vascular ihjections because the needle may have moved during the syringe
exchange process or simply because vasculai’ perforation was not detected during the
radiopaque dye injection.

[0010] Once the operator confirms negative adverse reactions, the operator again carefully
exchanges syringes to connect a syringe containing a corticosteroid.  Finally, the
corticosteroid is injected in an effort to reduce inflammation thereby affording the patient
pain relief. After the three injections i.c. radio-opaque dye, local anesthetic, corticosteroid
are complete, the needle is removed from the patient.

[0011] Although the current procedure provides benefits to patients having spinal related

pain, significant risk rcmains with the current procedurc. One inherent risk includes



WO 2009/124192 PCT/US2009/039305

breaching a blood vessel and the inadvertent injection of dye, anesthetic, -and/or
corticosteroids into an artery or vein. Currently, it is believed that breaching a blood vessel
occurs in a considerable number of injections performed (a recent clinical study had venous
uptake in over 19% of injections performed). Additional risks include contact between the
injection needle and the nerve root, which may cause pain along with damage to the dura.
Finally, there are risks associated to the operator via exposure to the X-Ray radiation of the
fluoroscope, particularly in view of the cumulative exposure as the operator must position
the needle as well as exchange syringes a number of times.

[0012] The actual breaching of the blood vessel may occur during the initial insertion of
the needle into the site, subsequent manipulation of the needle during syringe exchanges, or
cven movement of the needle as a result of the force applied by the operator during
actuation of the syringe. In some cases, injection into a blood vessel may occur even if the
needle has not penetrated the vessel wall as the force of the injectant flowing out of the
distal tip of the needle can be sufficient cause the injectant to breach the blood vessel wall
and enter into the vessel.

[0013] Complications from accidental injection of the anesthetic into the vessel can
include transient paralysis of the spinal cord. Complications resulting from accidental
injections of corticosteroids into blood vessels can include permanent paralysis, permanent
blindness (if injected into a vertebral artery), seizures, permanent cognitive dysfunction,
physical impairment, and/or death.

[0014] Another complication associated with transforaminal injections is inadvertent
contact between the ncedle and nerve root which may cause pain or tingling emanating
through the upper extremities. If the needle perforates the dural sleeve, spinal fluid may
leak resulting in a transient headache lasting from several hours to several days. If local
anesthetic is injected into the thecal sac, temporary paralysis may occur that could result in
a cessation of breathing, necessitating emergency intubation of the patient.

[0015] In view of the above risks, to ensure patient safety the operator must reposition the
needle if he or she suspects that patient harm could occur. In addition, if arterial uptake is
su.épected, a common recommendation is that the procedure should be abandoned to allow
the arterial perforation to heal and to obviate the risk of injury to the spinal cord resulting
from inadvertent injection of corticosteroid into the radicular artery or vertebral artery.

[0016] Each time the needle is repositioned, a new X-Ray image must be captured to
verify the needle position and additional real time fluoroscopy images must be captured
with an additional injection of contrast media. The additional fluoroscopy and- associated
radiation exposure presents an increased risk to the operator performing the procedure. To

minimize exposurc the operator must step toward and away from the radiation field to
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alternately maneuver or manipulate the hypodermic syringe and allow fluoroscopic images
to be taken. This exertion combined with the repeated connecting and disconnecting of
syringes contributes to operator fatigue, which is not a trivial consideration for operators
performing multiple procedures in a particular day.

[0017] In addition to cervical injections, patients typically require treatment of more than
one vertebral level. One procedure for performing injections at adjacent vertebral levels is
to position multiple ncedles simultancously. This enables the physician to adjust the
position of both needles with a single fluoroscopic image, thus saving time and reducing
the number of fluoroscopic images required as compared to doing each level individually.
Alternatively, the physician may perform the injection at each vertebral level sequentially
by positioning the needle at the injection site of one vertebral level and withdrawing the
needle before commencing placement of a needle at the second vertebral level.

[0018] " The design of the current devices presents an additional problem that contributes to
undesired device 'placement. Current devices include rigid and straight hypodermic
needles. Such a configuration limits the operator to only work within the “line of sight”
from the surface of the skin along an axis of the needle. In many cases, it is desirable to
perform the injection in a position that is not directly accessible by a straight, rigid needle,
e.g., it is frequently desirable to inject medicine in a position “behind” portions of the
vertebra, nerves, or blood vessels, (i.e. around the corner from the line of sight position).

[0019] In some cases, a physician will want to access a treatment location for a lumbar
transforaminal epidural injection that is along the nerve root in a lateral recess within the
vertebral body. The nerve resides in the lateral recess and typically is impacted by either
stenosis or disc herniation. In such cases, the impinged nerve cannot be accessed with
straight needle based techniques. This site of neuropathology is ideal for the treatment of
pain resulting from an inflamed nerve root; however it is inaccessible when using a straight
needle. Therefore, conventional procedures force the physician to position the distal ﬁp of
the straight needle outside the foramen adjacent to the pedicle and exiting nerve root.
Knowing that the conventional needle is spaced from the desired location, the physician
performs the injection presuming flow in the superior lateral recess, (i.c. a transforaminal
injection at the L5-S1 foramen will place medication around the exiting L5 nerve root and
to a degree into the lateral recess where LS nerve traverses through prior to exiting). In
most cases, only a small amount of medication injected flows into the site of pathology.

[0020] In many cases, the physician causes nerve trauma by contacting the nerve with the
tip of the necdle when entering the foramen. This is especially common in cases of spinal
stenosis, collapsing degencrative scoliosis, and deep scated L5-S1 segments with high

pelvic brims. Such nerve trauma leads to acute patient discomfort, often leading to vaso-
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vagal type hypotensive reactions, and at the minimum requires the operator to-re-position
the ncedle to gain acceptable injection access without causing undue nerve pain. Overly
sedating the patient to control this problem often only leads to increased nerve root trauma
and a high likelihood of a neuropathic pain following the procedure.

[0021] Accidental vascular intrusion is believed to occur in >15% of lumbar cases. While
intra-vascular injection in the lumbar spine is not associated with catastrophic
complications as in the cervical arca, it will cause transient hypotension leading to vaso-
vagal attacks, and the necessity to reposition needle to avoid the vascular elements. This
phenomenon leads to increased work time for the physician, and increased patient
discomfort and morbidity.

[0022] Devices and methods are provided herein for a transforaminal epidural injection
ncedle system that minimizes the above risks to improve patient safety. In addition, the
benefits of such devices reduce operator fatigue and decrease the operator’s potential
radiation exposure.

[0023] The methods and devices may be used for transforaminal selective epidural
injections to the cervical, thoracic, or lumbar spine. Fluoroscopically guided, contrast-
enhanced transforaminal epidural injection procedures help to specifically evaluate and
treat the precise spinal nerve involved as a source of spinal and referred extremity pain.
Although thcrapeuticv and diagnostic transforaminal epidural injections have been
performed for decades, the equipment used for these injections has been relatively

unchanged during that time.

SUMMARY OF THE INVENTION

[0024] The present invention incorporates features that address each of thc_ risks listed
above. The devices and methods described herein include a catheter with a blunt distal tip
and an injection port that allow drugs or other substances to disperse at a target site while
minimizing safety concerns. The construction of the catheter decreases the chances of
inadvertently injecting substances into a blood vessel as well as inadvertently damaging
structures because of incorrect placement of a needle.

[0025] The invention includes an injection system comprising a needle cannula having a sharp
tip at a far end of the needle cannula, where the sharp tip is adapted to penetrate tissue, and a
needle lumen extending through needle cannula. The device includes a sliding member slidably
affixed within the needle lumen to move between a retracted position and a deployed position
within the needle lumen. This sliding member may be a plunger, a stop surface, or any such

structure. In additional variations, the sliding member can be non-rotational (e.g., such as having
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a groove or keyway) so that the injection tube injection port is always oriented relative to the
cannula. Alternatively, the sliding member can rely on keys, indents, detents, etc. so that the
sliding member is rotatable to less than 360 degrees allowing for rotation of the injection tubing.
In yet another variation, the sliding member can provide information relating to the
orientation of the catheter tﬁbing to the physician via markings, etc. An injection tubing
having a distal portion having a distal end, a proximal portion, and an injection- lumen
cxtending between the distal portion and the proximal portion, where the injection lumen
exits the injection tubing at an injection port located in a sidewall in the distal portion;
where the injection tubing is affixed to the sliding member such that when the sliding
‘member is in the proximal position, the distal portion is within the needle cannula and
when the sliding member advances to the deployed position, the distal portion of the
injection tubing extends out of the far end of the needle cannula. Given that the sliding
member is affixed to the injection tubing, the injection tubing can be moved a limited

" distance by advancement or retraction of the sliding assembly. The benefits of such a
feature are described below. An embodiment of the system also includes a plurality of
independent extension tube lumens where a manifold fluidly couples each of the extension
tube luméns to the injection lumen.

[0026] The invention further includes methods of delivering substancés into an epidural
space using one of the variations of the devices described. In one variation the invention
includes methods of delivering substances into a spine, epidural space, spinal canal or
similar region of the body.

[0027] The methods, systems and devices permit the physician to access lateral recesses in
vertebral bodies directly. This allows the delivery of medication directly at the source of
pathology. The present methods, systems and devices enable the physician to position a tip
of a needle safely away from the exiting nerve root prior to advancing a flexible, curved,
clastic catheter into the foramen and lateral recess to inject the medication directly into the
site of pathology. The injection tube described herein (tybically a small caliber catheter)
traverscs the foramen, thercby eliminating or dramatically reducing the incidence of nerve
root contact and thc associated scquclac as discusscd above. In addition, the physician can
determine the path of travel from outside of the body either by visual indicators or tactile
indicators.

[0028] In one variation, the system includes a needle cannula having a needle lumen
extending therethrough, the needle cannula has an axis; an injection tubing having a distal
portion, a distal end, a proximal portion, and an injection lumen extending through at least
the distal portion, an injection port in fluid communication with the injection lumen and

located on a section of the distal portion that is spaced proximally from the distal end such
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that the fluid medium exits laterally to the section, where at least the distal portion is
flexible and curves when advanced from the needle cannula: such that upon advancement
out of the needle cannula the distal end of the injection tubing moves away from an axis of
the needle cannula, where the injection tubing is non-rotational but axially moveable within
the ncedle lumen; a sliding member affixed to the injection tube such that a sliding
movement of the injection tubing limits a stroke of the injection tubing to the fixed distance
such that when fhe injection tubing is in the proximal position, the distal portion is within
the needle cannula and when the injection tubing advances to the deployed position, the
distal portion of the injection tubing extends out of the far end of the needle cannula; and a
connector on the proximal portion of the injection tube for coupling the injection tube to a
fluid source.

[0029] In an additional variation, the system includes a needle cannula having a needle
lumen extending therethrough, the needle cannula having an axis; a injection tubing having
a diétal‘portion, a distal end, a proximal portion, and an injection lumen extending through
at least the distal portion, where at least the distal portion is flexible and curved such that
upon advancement out of the needle cannula the distal end of the injection tubing assumes
the curved shape such that the distal end moves away from an axis of the needle cannula,
where the injection lumen is in fluid communication with an injection port that is spaced
proximally from the distal end such that the medium exits in a lateral direction, where the
injection tubing is rotationally and axially moveable within the needle lumen and limited to
extend out of the needle lumen by a fixed distance; a sliding member affixed to the
injection tube such that a sliding movement of the injection tubing limits the injection
tubing to the fixed distance such that when the injection tubing is in the proximal position,
the distal portion is within the needle cannula and when the injection tubing advances to the
deployed position, the distal portion of the injection tubing extends out of the far end of the
needle cannula; a directional indicator located on the sliding member, where the directional
indicator indicates the direction in which the distal end of the injection tubing moves away
from the axis of the necedle; and a connector on the prdximal portion of the injection tube
for coupling the injection tube to a fluid source.

[0030] The variations of the injection systems described herein can include one or more
directional indicators located on the necedle cannula, .where the directional indicator
indicates the direction in which the distal end of the injection tubing moves away from the
axis of the needle. In additional variations, directional indicator(s) can be located on the

injection tubing rather than the needle lumen or hub.
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[0031] The directional indicators can further include a visual mark and/or a tactile
. protrusion extending in a direction relative to the curve such that an operator can track
direction of the curve by feeling the tactile protrusion.

[0032] The injection ports used in the present systems can be located on any portion of the
injection tube. However, in many variations, one or more injection ports shall be located
on an interior and/or exterior of the curve.

[0033] The systems can include additional safety features to minimize inadvertent
shearing of the injection tube by the needle. For example, the needle tip can include a
bevel tissue picrcing shape having a heel at a proximal end. In some variations, the heel
can include a recessed section that minimizes engagement between the heel and the
injection tubing. Additional features include at least one wire located within the injection
lumen. Where one or more wires can be a radiopaque Wire, a shape memory alloy or a
super elastic alloy (or a combination thereof).

[0034] The disclosure further includes methods of delivering one or more substances at an '
injection site near a vertebral body in a patient, where the method includes providing an
injection system including a needle cannula having a needle lumen extending therethrough
and an injection tubing having a curved shape at a distal portion, where the injection tube is
slidably located in the needle lumen to move between a retracted position and a deployed
position, where in the retracted position the injection tubing remains within the within the
needle lumen and in the deployed position the injection tubing extends out of a far end of
the needle cannula such that the curved shape causes an end of the injection tubing to move
away from an axis of the needle cannula, where an rotational indicator on the needle
cannula correlates to the direction of movement of the end of the injection tubing; inserting
a tip of the needle cannula into the patient so that the tip is positioned adjacent to the
vertebral body; advancing the distal end of the injection tube around a feature of the
vertebral body into a vertebral foramen by advancing the injection tube within the ncedle
cannula such that the distal portion exits the injection tube and assumes the curved shape to
advance into a first lateral recess within the vertebral body; delivering at least a first
substance at the first lateral recess; retracting the injection tube within the needle
cannula without withdrawing the cannula from the body; rotating the needle cannula using
the rotational indicator to rotationally position the needle cannula; and  advancing the
injection tubc within the necdle cannula such that the distal portion exits the injection tube
and assumes the curved shape to advance into a second lateral recess within the vertebral
body, where the second lateral recess is directionally opposite or adjacent to the first lateral

r¢ccss.
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[0035] In an additional variation, a method of delivering injections to multiple lumbar
sites with a'single needle insertion can include providing an injection system including a
needle cannula having a needle lumen extending therethrough and an injection tubing
having a curved shape at a distal portion, where the injection tube is slidably located in the
needle lumen to move between a retracted position and a deployed position, where in the
retracted position the injection tubing remains within the needle lumen and in the deployed
position the injection tubing extends out of a far end of the needle cannula such that the
curved shape causes an end of the injection tubing to move away from an axis of the needle
cannula, where an rotational indicator on the needle cannula correlates to the direction of
movement of the end of the injection tubing; inserting a tip of the needle cannula into the
patient so that the tip is positioned adjacent to the vertebral body; advancing the distal end
of the injection tube around a feature of the vertebral body into a vertebral foramen by
advancing the injection tube within the needle cannula such that the distal portion exits the
injection tube and assumes the curved shape to advance into a first lateral recess within the
vertebral body; retracting the injection tube within the needle cannula without withdrawing
the cannula from the body; rotating the injection tubing using the rotational indicator to
rotationally position the needle cannula; and advancing the injection tube within the needle
cannula such that the distal portion exits the injection tube and assumes the curved shape to
advance into a second lateral recess within the vertebral body, where the second lateral
recess is anatomically superior or inferior to the first lateral recess.

[0036] ~ Inany of the methods described herein, the injection tubing can have a flexible or
floppy distal portion so that as the device advances out of the needle cannula, the distal
portion assumes a curve when encountering structures or tissues in the body.

[0037] Variations of the methods include retracting the injection tube then repositioning
the needle cannula without removing the needle cannula from the body.

[0038] In additional variations, using the rotational indicator to rotationally position the
needle cannula can include feeling a tactile feature on the rotational indicator to align the
needle cannula with a desired orientation.

[0039] The injection system may deliver injectants, injectable substances, and/or
injectable fluids. Such substances are intended to include any medication or diagnostic
fluid the physician (or opecrator) may choose to administer with the system.

[0040] It is noted that the invention includes combinations of embodiments or aspects of
the embodiments themselves. The following illustrations are intended to convey an overall

concept of the inventive methods and devices.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The invention is best understood from the detailed description when read in
conjunction with the accompanying drawings. It is emphasized that, according to common
practice, the various features of the drawings are not to-scale. On the contrary, the
dimensions of the various features are arbitrarily expanded or reduced for clarity. Included
in the drawings are the following figures:

(0042] FIG. 1 illustrates a previously known procedure for injecting a substance within a
spinal canal of a patient.

[0043] FIG. 2A shows a cross sectional view of an example an injection system
incorporating the concepts discussed herein.

[0044] FIG. 2B shows a cross sectional view of the injection system of Fig. 2A where the
catheter or injection tube is withdrawn into the needle cannula.

[0045] . FIG. 2C shows a cross sectional view of another variation of an injection system
without a plunger mechanism.

[0046] FIG. 2D shows a cross scctional view of the injection system of Fig. 2C where the
catheter or injection tube is advanced out of the needle cannula.

- [0047] FIGS. 3A to 3C illustrate an additional variation of an injection system.
[0048] FIGS. 4A to 4C illustrate additional variations of injection tubing having one or
.more wires within an injection lumen.

[0049] FIG. § illustrate an example of a directional indicator with a tactile protrusion that
allows a physician to identify the direction of advancement of the curved portion of the
injection tubing. |

[0050] FIG. 6A and 6B illustrate side and top views respectively of a variation of a needle
cannula having a recess adjacent to the tip of the cannula to create additional clearance for
the injection tubing to enter and exit the cannula.

[0051] FIGS. 7A to 7B illustrate an example of placing and deploying the injection
systems according to the devices and methods described herein.

[0052] FIGS. 8A to 8C illustrate a variation of delivering injections in a lumbar region of
the spine using the devices, systems, and methods disclosed herein.

[0053] FIGS. 9A to 9D show additional variations of injection systems where a manifold

is located on a body of the device.

DESCRIPTION OF THE INVENTION
[0054] Fig. 1 illustrates a variation of an injection system 100. Although the systems and
methods described herein are often described as beiﬁg used as a cervical injection system or

for the cervical region of the spine, the device and methods may be applied in a broader and

10



WO 2009/124192 PCT/US2009/039305

to various other parts of the spinc as well as anatomic structures where the features of the
system may provide useful.

[0055] As shown in Fig. 1, the system 100 includes a cannula or needle cannula 102 where
a distal tip 104 of the needle cannula 102 is sharp so that an operator may advance the
cannula 102 through tissue to reach the intended target site. The needle cannula 102 may
optionally include a hub 106. The hub 106 may be a common polymeric hub that is
molded, bonded, or otherwise affixed to the ncedle cannula 102, Alternatively, though not
shown, the hub 106 may comprise a section of the needle cannula 102 itself. In any case,
in some variations of the system 100, the hub 106 provides an ergonomic surface for the
operator to grip during inscrtion and potentially manipulate with a single hand. The shape
of the hub (and device body as described in additional variations below) should enable the
operator to hold the hub and/or device between their thumb and forefinger of each hand.
This improves the operator’s ability to aim and guide thc ncedle (and ultimately the
catheter/injection tubing) into position. Additionally, this design shape allows the operator

* excellent tactile feedback during insertion of the device and advancement of the injection
tubing.

[0056] In one cxample, when the system 100 is optimized for use in delivering injections
in the spinal area, thé needle cannula can be any standard needle. In spinal applications the
cannula can be 19 to 26 gauge. In one variation useful for cervical region treatment, a 22
Ga needle having a length of 2.5 inches was developed. However, altemative variations of
the invention include needles of varying lengths, gauges, as well as cross-sectional shape.
As shown, the needle cannula 102 extends only partially into the hub 106. However,
variations also include a needle cannula 102 that extends through the hub 106.

[0057] In any case, the needle cannula 102 includes a ncedle lumen 108 through which a
catheter or injcction tubing 110 extends. Although not illustrated, the injection tubing 110
includes an injection lumen extending therethrough and exiting at an injection port 112 ina
wall at a distal portion 114 of the injection tubing 110. In additional variations, the device
can include an injection port at a distal end of the injection tubing 110. In addition,
variations of devices disclosed herein can include more than one injection port.

[0058] The injection tubing 110 can be made of a flexible material such as any polymeric
or composite material used for medical device applications. In addition, the catheter tubing
can have clastic characteristics (e.g., flexible polymers, coil or other reinforced catheters, or
super-clastic/shape memory characteristics), that allow the device to curve slightly around
or deflect away from structures such as blood vessels, nerves, or bone to optimally position
the orifice for the injections. The clastic characteristics may come from the properties of

the tube, an elastic wire that is extruded within the wall of the tube, or even an elastic stylus
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that temporarily resides in the lumen of the tubing. In some variations of the system, the
curve of the distal portion of the catheter tubing also enables the operator to “steer” the
catheter by orienting the distal tip such that the catheter tends to follow a particular
direction.

[0059] Placing the injection port 112 in a side wall and not at a distal end 120 prevents the
likelihood that fluid ejected from the device 100 will causc inadvertent damage to the
patient. For example, cven if a distal tip 120 of the system 100 pierces a vessel or the dura,
then the proximal spacing of the injection port 112 reduces the likelihood that the injected
fluid would actually enter the structure as the fluid will be injected proximal to the entry
point. In other words, it would be necessary for the entire distal portion 114 of the
injection tubing 110 (from the injection port 112 to the distal tip 120 to cannulate the vessel
or dura. In the variation shown, the injection tubing 110 also includes one or more
visualization marker(s) 125. For cxample, a single radiopaque marker12S can be placed
adjacent to the injection port 112 so that the operator may preciscly locate the proximity of
the injection port 112 to a vessel or other structure. Yet another feature that improves
safety is placement of the injection port 112 on an interior radius or aspect of the curved
distal portion 114 of the injection tubing 110. As fluid disperses from the injection port
112, because the injection port 112 is on the interior curve of the distal portion 114 of the
injection tubing 110, the fluid is delivered away from the dura or other nerve structures (as
will be discussed below). However, additional variations of the invention contemplate
placing an injection port 112 anywhere along the distal portion of the injection tubing 110.

[06060] Systems 100 of the present invention also include a sliding member, in this.
variation the sliding member is a plunger 122 slidably affixed within a lumen of the needle
cannula 102 and secured to the injection tubing 110. This construction permits movement
of the plunger 122 to advance or retract the injection tubing 110. Since the plunger 122 is
slidably affixed within the ncedle cannula 102, the plunger 122 can move between a
proximal or retracted position (where the distal portion 114 of the injection tubing is
retracted within the necedle cannula) and a distal or deployed poéition (where the distal
portion 114 of the injcction tubing 110 is deployed from the needle cannula 102 as shown
in Fig. 2A).

[0061] Fig. 2B illustrates a distal section of the system 100 showing the plunger 122 in a
retracted position causing the distal portion 114 of the injection tubing 110 as well as the
injection port 112 withdrawn into the cannula 102. As discussed below, configuring the
injection tubing 110 to advance in and out of the cannula 102 improves the ability of the
operator to safely locate the tip 104 of the cannula 102 while advancing the injection tubing

110 and port 112 to a desired location for delivery of the substances. This feature of the
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system 100 is discussed in further detail below. Alternate variations of the invention can
include plungers that are removeable from the needle cannula 102. The plunger 122 may
comprise a simple tube structure., In some variations of the system 100, the fit between the -
injection tubing 110 and needle cannula 102 ailows a tactile “feel” of the resistance as the
catheter is advanced to the injection site. This feature helps the operator feel whether the
tip of the device encounters any structures as it advances to the target site.

[0062] In the variation shown in Fig. 2A a proximal portion 116 of the injection tubing
110 extends from the plunger 122 to a manifold 126. The manifold 126 allows fluid

" coupling of any number of extension tubes 128 having separate lumens to the lumen of the
injection tubing 110. Although the variation shows three separate extension tubes 128,
variations of the device may include a single extension tube with a plurality of independent
lumens. The independent lumens should allow coupling of the system 100 to independent
fluid sources S0 (typically syringes or other such storage vessels). The number of lumens
may be any number greater than 1. However, when the system 100 is used for treatment of
spinal conditions, the system 100 will typically include three separate extension lumens so
that three separate fluid sources (e.g.. a source of a contrast agent, a source of an anesthetic,
and a source of an anti-inflammatory substance such as a corticosteroid). As shown, the
extension tube 128 can include a luer or other fitting 130 on the proximal end to allow
coupling to a fluid source. Moreover, variations of the device include use of a valve fitting
130 to prevent retrograde flow between syringes.

[0063] One advantage of having separate lumens for coupling syringes or fluid sources is
to maintain segregation between the injectable substances. The use of multiple tube lumens
reduces the amount of residual substances that must clear the device during subsequent
injections. This reduces risk of injecting the patient with an excessive amount of any
substance or inadvertent injection of an incorrect substance.

[0064] In certain variations of the system 100, the length from the plunger 122 to the
fittings 130 is sufficicnt so that fluid sources (e.g., syringes) can be coupled to the system
100 and set aside prior to insertion of the needle cannula 102 into a patient. In addition, a
sufficient length allows the operator to inject the fluids without excessive exposure to
radiation generated by x-ray or fluoroscopic equipment. Although not shown, variations of
the system 100 include the use of strain relief sleeves or collars to prevent crimping or
folding of the injection tubing 110 at or near the end of the plunger 122.

[0065] The operator prepares the system 100 for the procedure by attaching three syringes
to the device simultancously prior to inscrtion into the patient. Naturally, an operator may
choose to attach the syringes to the system 100 after injection of the cannula into the

patient; however, this increases the chance of movement of the cannula subsequent to
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[0066]

[0067)

[0068]

[0069]

[0070]

initial placement. The injection tubing 110 is advanced distally from the tip of the needle
(as shown in Fig. 2A) and air is purged from the all of fluid lines by actuating the syringes
containing the substances to be injected (c.g., corticosteroid, anesthetic, and contrast
media). Naturally, the injection tube lumen should be charged with the first substance to be
injected into the patient,

The individual syringes can contain a contrast agent such as a radio-opaque dye, a
local ancsthetic such as Lidocaine, and a corticosteroid. Altematively, any plurality of
lumens and extension tubes could be use in this method were it practical or to the
advantage of the operator to have a scparate delivery of a plurality of other
substances/injectants other than those mentioned above.

After the purging and charging sequences are completed, the injection tubing 110
is retracted into the ncedle cannula 102 and the operator may now insert the cannula 102
into a patient to provide trcatment.

Figs. 2C and 2D illustrate another variation of a distal section of the system 100
where the sliding member comprises a stop surface 132 that is entirely within the hub 106
of the device 100. Fig. 2C illustrates the plunger 122 in a retracted position causing the
distal portion 114 of the injection tubing 110 as well as the injection port 112 to be
withdrawn into the cannula 102, As illustrated, the stop surface 132 is affixed to the
injection tubing 110 and is slidably moveable within the hub 106. As shown, when the stop
surface 132 is retracted towards a proximal portion 107 of the hub 106, the intemal
construction of the hub 106 prevents further withdrawal of the injection tubing 110 since
the stop surface is affixed thercto. As noted above, the stop surface 132 can include a
key/groove interface with the interior of the hub to prevent rotation of the injection tubing.
Altematively, the sliding member can rely on keys, indents, detents, etc. so that the sliding
member is rotatable to less than 360 degrees allowing for rotation of the injection tubing.

Fig. 2D illustrate distal advancement of the stop surface 132 against a distal portion
109 of the hub 106. Again, since the stop surface 132 is affixed to the injection tubing,
distal advancement of the injcction tubing 110 is prevented once the stop surface 132
encounters the hub 106. As shown, in the distal most position, the injection tubing extends
from the cannula 102 (and optionally curves as shown).

In those variations, where the injection tubing 110 does not include a plunger, the
physician simply advances the injection tubing, manifold, or extension lines, to advance a
distal portion 114 of the injection tubing from the cannula 102. As noted above, the
variation shown in Figs. 2C and 2D can include a single injection or extension tube, or may

include a number of injection tubes fluidly coupled to a lumen of the injection tube.
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[0071] Fig. 3A illustrates another vanation of an injection system 100. As illustrated, the
injection system includes a needle cannula 102 having a needle lumen extending through
all or a portion of the cannula. This variation of the device includes a hub 106 located on
the proximal end of the needle cannula 102. However, other variations of the device (as
discussed herein can be combined with the variation shown in Fig. 3A).

[0072] The device of Fig. 3A also includes an injection tubing 110 extending through the
needle cannula 102 with a distal portion 109 of the tubing 110 terminating at a distal end.
The injection tubing 110 includes an injection lumen extending through all or most of the
injection tubing 110. The injection lumen is also in fluid communication with an extension
line 128. The extension line 128 can be coupled to a fluid source (not shown) via a hub
130 or other connection. As shown, the injection lumen 110 can also include a
plunger/slider member 122 or other raiscd surface that allows a physician to advance and
retract the catheter from the distal end of the needle cannula.

[0073] Figs. 3B and 3C illustrate magnified working ends of two variations of injection
tubing 110 for use with injection systems 100 as shown by section 3B in Fig. 3A. As
illustrated in Figs. 3B and 3C, the injection system 100 can deliver injectable medium to
the target site via an injection port 112 that is in fluid communication with the injection
lumen 118 and located on a section of the distal portion 109 that is spaced proximally from
the distal er:d. In this way, the fluid medium exits laterally to the injection port 112 (or
more appropriately, laterally to the section of the injection tube 110 containing the fluid
port 112) as shown by arrow 122. |

[0074] As discussed above, the injection tubing 110 includes a portion (in this case, the
distal portion 109) that is flexible and has a curve. Upon advancement out of the needle
cannula, the distal portion of the injection tubing 110 curves and moves away from an axis
of the needle cannula 102. This curve can be pre-set to allow the device to advance behind
bony vertebral structures or around nerves to deliver the fluid medium in a desired target
location. Moreover, the distal portion of the injection tubing can be readily deformable or
soft such that it curves upon engagement of tissue such as nerves, bony structures, or other
objects in the body. As shown in Fig. 3B, the injection port 112 can be on the interior
curve or radius of the injection tubing’s 110 curved portion 109. Alternatively, as shown in
Fig. 3C, the injection port 112 can be on the exterior curve or radius of the injection
tubing’s 110 curved portion 109. In additional variations, an injection system 100 can have
one or more ports on a side and/or both interior and exterior curved portions of the injection
tubing 110. As illustration of an altcrnatc variation, an injection port 113 can be
additionally, or alternatively located on a side of the curved portion rather than the interior

or exterior of the curve.
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[0075] Figs. 3B and 3C also illustrate the injection port 112 being adjacent to a radiopaque
marker 125. The radiopaque marker 125 permits non-invasive imaging of the tip of the
injection tubing 110. Although variations of the system 100 include placement of one or
more visualization markers 125 along the injection tubing 110 or needle cannula 102, the
illustrated variation shows a visualization marker 125 placed at the distal end of the
injection tubing 110 so that the physician can determin‘e, under fluoroscopic imaging, when
the injection port 112 is desirably placed within a foramen for delivery of the fluid medium.

[0076] In a first variation, the sliding member (as shown in Figs. 2C and 2D) prevents the
injection tubing 110 from rotating within the needle cannula but permit axial movement
within the necdle cannula 102. This means that the injection tubing 110 can axially
translate within the needle cannula 102 but not rotate. In alternate vanations, the injection
tubing 110 can rotatc within the ncedle cannula 102 but where the rotation will be
controlled as noted below.

10077] Again, referring to Figs. 2C and 2D, the injection tubing 110 can include a sliding
member affixed to the injection tube such that a sliding movement of the injection tubing
limits a stroke of the injection tubing to a fixed distance such that when the injection tubing
is in the proximal-most position, the distal portion is within the needle cannula 102 and
when the injection tubing 110 advances to the deployed position, the distal portion 109 of
the injection tubing 110 extends out of the far end of the needle cannula and advances away
from an axis 146 of the needle cannula due to the curved shape. In the variation shown in
Fig. 3A, the injection tubing is coupled to a plunger/slider member 122 that provides an
area of a raised surface area and provides a handle or hub to move the injection tubing 110
relative to the needle cannula 102. ‘

[0078] Regardless of whether the injection tubing 110 is rotatable or not, the device 100
can include a directional indicator 148 so that a physician using the device 100 can
determine the direction of curvature/path of the curved portion 109 of the injection tubing
110 as it advances from the needle cannula 102. As shown in Fig. 5, the directional
indicator 148 provides the information without the need for direct visual sight of the distal
tip of the needle cannula 102 (for example, in those cases where the needle cannula 102 is
inserted into tissue.) Moreover, variations of the system 100 can include a tactile
protrusion 150 on the directional indicator 140. The tactile protrusion 150 conveys the
dircction of curvature or advancement of the distal portion of the injection tubing 110
through feel alone. For example, in many procedures, the physician may not be able to
directly visually observe markers on the system 100. In such cases, the directional
indicator and tactile protrusion allow the physician to plan advancement of the injection

tubing 110 by fecling the directional indicator 148 with his or her fingers. Although
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variations of the device may include visuﬁl directional indicators.151 as shown in Fig. 5 to
visually indicate the direction of the distal end of the injection tubing, the ability to identify
the tactile protrusion 150 via touch alone allows the physician to focus his or her attention
elsewhere.

[0079] In certain variations where the injection tubing 110 cannot rotate within the needle
cannula 102, the directional indicator 148 and/or tactile protrusion 150 can be located on a
hub 106 of the needle cannula 102. Accordingly, the dircctional indicator 148 and/or
tactile protrusion 150 tracks rotation of the hub 106 and needle cannula 110 and therefore
also track the oricntation or direction of the curved portion 109 of the injection tubing 110.
However, in alternate variations, the directional indicator 148 and/or tactile protrusion 150
of Fig. 3A can be located on the injection tubing (distal to the hub), extension line, or on
plunger/sliding member 122 of the injection tubing 120. In such a variation, the injection
tubing 120 is rotatable as well as axially advanceable relative to the hub 106 and needle
cannula 102 so that the directional indicator 148 and/or tactile protrusion 150 tracks
rotation of the orientation/direction of the curved portion 109 of the injection tubing 110.
In most cases, rotation of the injection tubing 110 will occur after it is withdrawn into the
needle cannula 102. As noted herein, the injection tubing 110 and/or sliding member 122
can rely on keys, indents, detents, etc. so that the sliding member is rotatable to less than 360
degrees or have tactile indications to identify rotation of the device.

[0080] Figs. 4A to 4C illustrate additional variations of injection tubing 110 for use with
systems described herein. One common concern with spinal injection systems is that,
during or after a procedure, a physician could shear the injection tubing 110 against the
needle 102 and causes a piece of the device to remain within the body. Such debris could
causc additional complications to the paticnt and/or require more invasive surgical
intervention. To reduce the chances of shearing of the injection tubing 110, variations of
the device can include, as shown in Fig. 4A, onc or morc reinforccment wires 152
extending through the injection tubing 110. Such wires can serve multiple purposes of
providing a radiopaque target (where the wire can be a highly radiopaque material), a
matcrial that provides a shapc to thc clongatc tubing 110 (c.g., a resilicnt alloy, sct
superelastic alloy or a shape memory alloy that assumes a shape upon reaching a certain
temperature); and/or a combination of such materials. In any case, the wires should be
sized to allow for sufficient fluid flow so that a fluid medium can be delivered from the
port 112

[0081] Fig. 4B illustrates another variation of an injection tubing 110 having a first and
second wire 152 153 located in the fluid lumen. In this variation, one wire can provide

additional flexibility or shape support to the injection tubing 110 while the second wire
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could. provide added radiopacity. Although the illustration shows one wire helically
wrapped about a second wire, both wires could be helically wrapped together. The helical
wrapping can also create a helical channel for delivery of the fluid medium through the
injection lumen 118. In additional variations, the variations shown in Figs. 4A and 4B can
further include a radiopaque marker coupled to the wires.

[0082] Fig. 4C illustrates another variation of an injection tubing 110 having a wire 152
located in the fluid lumen 118 coupled a radiopaque marker 125. In this variation, the wire
158 can provide the structural or imaging characteristics described above while also being a
tether to the distal tip to prevent accidental shearing by the needle cannula 102,

[0083] Figs. 6A and 6B illustrate sidc and top views respectively of a variation of a needle
cannula 102 having another safety feature for use with variations of the systems described
herein. As noted above, the small size of the injcction tubing creates a risk that the ncedle
cannula 102 could shear the tip or end of the injection tubing 110 resulting in potentially
dangerous debris within the body. To reduce the likelihood of shearing the injection tubing
110, a cannula needle 102 can include a recessed section 103 adjacent to a sharp tip 104,
The recessed section 103 removes the heel of the tip 104 to create added clearance for the
curved portion of the injection tubing 110 to enter and exit the cannula 102.

[0084] Fig. 7A shows an example of placement of the injection system within the body.
As illustrated, the needle is positioned in the patient under fluoroscopic guidance in the
manner described in the conventional procedure, with the exception that the distal tip 104
of the cannula is positioned approximately 5 mm proximal to the intended target site
(typically the epidural space or spinal foramen).

[0085] The cpidural space is generally defined as the space outside the thecal sac and
bounded ventrally by the posterior aspect of the vertebral body or the intervertebral disk,
dorsally by the ligamentum flavum and facet capsule, and laterally to a line drawn in the
coronal plane down the lateral third of the pedicle. As noted herein, one variation of the
invention positions the needle cannula outside of the epidural space. However, the devices,
systems and methods described herein can be placed anywhere within the body (either
totally or partially within the epidural spaée or spaced a significant distance away.) In
either case, the systems and devices described herein are intended to reduce or prevent
accidental trauma to various structures in or near the vertebral body during an injection.

[0086] A This position keeps the sharp tip 104 away from critical vasculature 16 and nerves
20. As shown, the plunger 122 is in a proximal or retracted position, which maintains the
distal portion of the injection tube 110 within the cannula 102. The operator can confirm
placement of the cannula 102 by injecting the contrast agent or dye in the manner described

above or by simply obscrving the cannula 102 under fluoroscopy or x-ray. In addition, the
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physician can track orientation of the needle bevel or tip 104 using the directional indicator
148 and or tactile protrusion 150 (in those variations that include such a feature). The
indicator 148 and/or protrusion 150 allow the physician to adjust the rotation of the cannula
102 prior to delivery of the substance or prior to advancement of the injection tube from the
needle cannula '102. As discussed herein, the directional indicator 148 and or tactile
protrusion 150 can also be located on the plunger 122. In such a case, the indicator 148 and
protrusion 150 only tracks the direction of the curved portion of the injection tubing 110.

[0087] The operator holds the hub 106 and/or the cannula 102 while advancing the device
through the skin and soft tissue. Once positioning of the cannula is properly determined,
the portion of the cannula 102 or the hub 102 can be secured to the exterior skin or
operating table in such a manner as to stabilize it from penetrating deeper or withdrawing
from the paticnt, or moving latcrally. A sccond method of stabilization may be an adhesive
pad with an integrated clamp that adheres to the patients’ skin and stabilizes the needle

~ relative to the paticnts’ skin.

[0088] Once the distal tip 104 of the cannula 102 is in position and clamping or adhesive
pads are applied the operator is rcady for advancing the injection tube. As shown in Fig.
7B, the operator confirms the direction indicated by the the directional indicator 148 and or
tactile protrusion 150. Once the device is positioned as desired, the operator advances the
plunger 122 causing advancement of the injection tube 110 to the target site (in one
variation the system 100 allow advancement of the tip 120 of the injection tube 5 mm to the
site). As discussed herein, variations of the device include an injection tube 110 having a
slight radius or curve at a distal portion 114 that enables advancement of the distal portion
114 along a curved path that is biased toward the posterior aspect of the foramen. Again,
the direction of the path is tracked by the directional indicator 148 and or tactile protrusion
150. This curved position keeps the injection tube 110 safely away from the vasculature
and the nerve root which reside in the proximity of the injection site. Additionally, there is
a reduced likelihood that the injection tubc 110 will penetrate vessels if it engages the
vesscls during advancement due to the features of the injection tube 110. For example, one
variation includcs a flexible, curved, clastic cathcter to significantly reduce the likclihood
of injecting medication into a blood vessel. In such a case, the injection tube catheter is not
sharp enough or rigid enough to perforate the wall of the blood vessel. As noted above,
variations of the injection tube includes a blunt tip 120. In addition, variations of the
dcvice used in spinal applications shall be flexible. ’

[0089] The injection port 112 is located away from the distal tip 120 (in one example the
injection port is spaced 2 mm away from the tip, but any spacing that places the injection

port 112 on the distal portion of the device is contemplated:) This feature prevents
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inadvertent vascular uptake since it would be necessary to cannulate the distal portion of
the injection tube within the blood vessel over a-distance long enough to .envelope the
injection port as well. Furthermore, in those variations where the injection port is placed
on an interior radius or aspect of the curved distal portion, fluid delivery occurs towards a
portion of the vertebral body 12 rather than against a vessel or nerve.

[0090] Prior to delivery of the substances, the operator can also observe, under
fluoroscope, the position of the distal portion 114 of the injection tube 110 and even the
placement of the injection port 112 by observing the position of one or more radiopaque
markers on the distal portion. As noted above, some variations include placing a
radiopaque mark or indicator directly adjacent to the injection port thereby enabling the
operator to see the exact position where the injection will occur.

[0091] After verifying the correct position of the injection tube and injection port, the
operator continues in the same sequence as the conventional procedure described above.
For example, the operator injects radio-opaque dye into the site to verify the tip of the
injection tubing is in the correct location and that a blood vessel was not inadvertently
breached as evidenced by the uptake of radio-opaque dye into the vessel. Next, an
injection of a test dose of local anesthetic such as lidocaine is administered followed by a
sixty second waiting period before a second hdocame dose and or corticosteroid is
injected. The lidocaine is injected first and patient observed to ensure t.hat there has not
been intravascular, especially intra-arterial uptake.

[0092] As noted herein, because all three syringes can be attached to the system 100, it is
not nccessary'to exchange syringes between injection sequences. This feature not only
improves operator convenience and reduces finger fatigue from the syringe exchange, but
more importantly, it improves patient safcty by reducing the likelihood of inadvertent
cannula movement during syringe exchanges. In addition, placement of the syringes
outside of the surgicél field or away from the fluoroscope. Operator safety is further
improved because the physician administering the injections may perform the injection of
contrast media safely away from the injection site while using real time direct fluoroscopy.
This reduces operator cumulative exposurc to X-Ray radiation hazards.

[0093] After the injection sequence is completed, the cannula 102 can be removed from
the injection site with or without the injection tube 110 retracted into the cannula 102.

[0094] The volume of fluid in the common fluid path of the catheter system (the volume
of fluid that remains between the manifold and the injection port of the injection tube), is
considered insignificant. In one variation of a system for cervical injection, this volume is
approximately .02 ml whereas the typical injection volume of anesthetic is .5 ml (0.4%

flush volume), and the injection volume of steroid is 2.0 ml (0.16% flush volume). Both of
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these flush volumes are within the “noise level” of operators’ ability to administer a
measured dose of injectants. Therefore, it is not nccessary to flush the common fluid path
between injcctions, (e.g. between radiopaque dye, anesthetic, and corticosteroid).

10095] Although the examples discussed herein, primarily relate to injection systems
suited for injections in the cervical region of the spine, the features of the system may be
used for spinal treatments in the lumbar and thoracic regions as well. A

[0096] For example, Figs. 8A to 8C illustrate a variation of the system 100 for use in
delivering injections in a lumbar region of the spine. As with the other variations shown
herein, the system 100 provides a physician with access to a region in or adjacent to a
vertebral body 12 or vertebral disc 13. In the illustrated example, the physician can access
a lateral recess 22 dircctly, thereby depositing medication at the true source of pathology
(the irritated nerve 20.) Variations of the systems and devices described herein provide
enables the physician to position the tip of the needle cannula 102 safely away from the
exiting nerve root 20 prior to advancing an injection tubing 110 (typically a flexible,
curved, elastic catheter) into the foramen and lateral recess 22 to inject any fluid medium
(e.g., medication or other substances described herein) directly into the desired site. Either
the needle can be spaced from the foramen and vertebral body (e.g., the needle does not
enter the epidural space) or the needle can be advanced near to or within the vertebral
body/foramen. As shown in Fig. 8A, the injection tubing 110 then traverses the foramen
and advances in a curved path (as tracked by the orientation of the tactile member 150),
thereby eliminating or dramatically reducing the incidence of nerve root contact and the
associated sequelae as discussed above.

[06097] Another advantage of the present system allows a physician to enter a superior and
inferior lateral recess of two adjacent spinal levels (as shown in Figs. 8A and 8C). Asa
result, the dual access reduces total procedure time by treating two levels with a single
needle and insertion versus the use of two needles to treat two levels. For example, to
complete an injection sequence at a first level (as shown in Fig. 8A), the needle cannula
102 is outside a foramen of the verebral body 12 (in this case the L4-L5 foramen). The
physician then passes the injection tubing 110 into the lateral recess 22 (e.g. at L4-L5) and
completes an injection at the traversing nerve root (L4). _

[0098] Next, the physician can remove the device 100 from the body, or optionally deliver
a second injection without removing the device from the body. For example, as shown in
Fig. 8B, the physician can rctracts the injection tubing into the needle cannula 102 and
rotate either the needle cannula 102 (c.g., via the needle hub 106) or rotate the injection
tubing via the sliding member or plunger 122 to “re-aim” or “re-oricnt” the curved distal

end of the injection tube by reorienting the device 100 either rotationally and/or axially as
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shown by arrows 23 and 24. One benefit of this system is that the needle can remain within
the body of the patient rather than requiring reinsertion (i.e., the needle is repositioned
without changing the needle entry point.) Again, at any point the physician can track
rotation via the directional indicator 148. Typically, the physician will track the location of
the injection tubing 110 prior to the initial advancement out of the needle cannula as well as
prior to any subsequent advancement out of the needle (e.g., after repositioning of the
needle).

[0099] Fig. 8C shows the system 100 after either the plunger/sliding member 122, hub
106, or needle cannula 102 (depending on the configuration of the device) is rotated. As
noted, the directional indicator 148 indicates the movement of the injection tubing 110 in
an inferior lateral recess 22. In the illustrated example, the injection tubing 110 advances it
into the descending lateral recess adjacent to the LS nerve root to deliver the fluid medium.

[0100] Figs. 8A-8D illustrate another variation of a system 100 according to the concepts
of the present disclosure. In this variation, the manifold is directly coupled to a device
body 142.

[0101] As shown in Fig. 8A, the components of this variation include a cannula needle
102, a catheter or injection tube (not shown in Fig. 8A) coupled to a plunger 122, a device
body 140, a manifold 126, extension lines or tubes 128, luer connectors 130. As noted
above, in additional variations, an internal stop surface located within the hub 106 can
replace the plunger 122.

[0102] Fig. 8B illustrates a cross sectional view of the system of 8A. As shown, the body
140 of the injection system 100 may be cylindrical in shape for ease of manipulation. The
manifold 126 can cxtend from the side of the body 13 to permit the flow of injectables (as
discussed above) from the extension lines 128 into the injection tube 112. The extension
lines 128 may be a single multi-lumen cross-section or may comprise the plurality of
individual tubes shown. As discussed herein, the manifold 126 combines the flow of
injectables from a plurality of sources (e.g., syringes) into a single injection lumen 118 for
delivery through the injection port 112. Naturally, there will be sealing members 144 (such
as o-rings) to prevent leakage of fluids from the interior of the body 140.

[0103] In this variation, the plunger 122 can have any shape, but shall have a portion
slidably affixed within the interior of the device body 130. An upper portion of the plunger
122 extends out of the device body 130 allowing for an operator to actuate or slide the
injection tubing in and out of the cannula 102. The plunger 122 is affixed to the injection
tubing 110 on its lower end with a lumen extending from the catheter to the sealed cavity
within the lumen of the body cylinder to allow the injectable fluids to flow from the
manifold into the catheter. The upper portion of the plunger 122 that extends out of top of
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the body 140 allows the operator to grip the plunger between their forefinger and thumb,
thus providing a tactile “feel” of the resistance as the catheter is advanced to the injection
sitc. However, as noted above, the upper portion of the plunger 122 can simply comprise
shrink tubing that covers the plunger and extends over an inch or so of the injection tubing
110 to act as a stress relief. Similar stress relief structure can also be placed over the tip of
the manifold to provide stress relieve the catheter on that end as well. Injectants, injectable
fluids, and so forth arc defined as any medication or diagnostic fluid the physician may
choose to administer with the system.

[0104] ~ In many variations of the device, the plunger has a limited stroke. This limited
stroke allows for a known and finite advancement of the distal portion 114 of the injection
tube 110 out of the cannula 102. In the variation shown, the plunger 122 has a stop on an
exterior surface in the form of a raised surface 124. Alternatively, or in combination, a stop
surface can be located on the injection tube, or even on the plunger portion that is interior
to the hub 106. Naturally, any number of configurations is contemplated.

[0105] A flexible catheter or injection tube 110 resides within the cannula needle 102 and
has a rounded or blunted tip 120 with an injection port or orifice 112 on the side of the
catheter 110 near the distal portion 114, As noted above, catheter tubing of the present
devices can be made from a flexible material those known in medical device applications
and may have shaped memory characteristics that allow it to curve slightly around or
deflect away from structures such as blood vessels, nerves, or bone to optimally position
the orifice for the injections. The shape memory characteristics may come from the plastic
properties of the catheter, an elastic wire that is extruded within the wall of the cathetef, or
an elastic stylus that temporarily resides in the lumen of the catheter.

[0106] Again, the injection tubing 110 includes an injection port 112 located on the side of
the catheter tubing 110 to further reduce the likelihood of accidental injections into an
artery.

[0107] Any of the variations discussed herein may include a clamp-stabilizer as an
accessory device that holds the system stable relative to the neck. One embodiment of the
clamp-stabilizer includes an adhesive pad that attaches to the body of the patient at the
point of insertion. When the needle is in place, the clamp is activated to hold the needle
stable relative to the patient.

{0108] One embodiment of 'thc clamp-stabilizer includes a structure that attaches to a
datum on the bed or bench where the patient is lying. The needle is positioned at the
operative site and the clamp is activated to hold the needle steady as long as the patient

does not move relative to the datum.

23



WO 2009/124192 PCT/US2009/039305

[0109] The flow path of the injectable fluids starts in the syringes attached to the
connector 130. The tubing may be multi-lumen tubing or individual tubes. The fluid flows
from the syringes through their respective individual lumens in the tubing and into the
manifold on the side of the device body. The fluids then flow into interior cavity of the
device body, into the plunger body, through the catheter and out the injection port on the -
side of the catheter near its distal end. An alternate variation includes a piece of tubing that
connects the manifold directly to the proximal end of the catheter tubing thereby bypassing
the interior of the device body.

[0110] 'As noted above and as shown 8C and 8D the system 100 may optionally include a
stylus 142. The stylus 142 is can be incorporated into the injection tube 110 to aid in
steering a tip of the injection tube 110 to a desired region. In an alternate variation, the
system 100 includes a stylus that extends from inside the distal tip of the catheter tubing
through the lumen of the catheter, through the body of the cylinder and exits the device
through a membrane seal on the proximal surface of the plunger. The stylus is used by the
operator to push the catheter out of the distal tip of the primary needle and into the injection
site. The stylus could optionally have a curvature that translates its’ curvature to the
catheter to help steer the tip of the catheter along a curved path and into a position that is
not ac.cessible!by a straight, rigid needle.

[0111] When the catheter tube is in position at the injection site, the stylus would be

‘ removed from the catheter to allow the injectants to flow through the catheter. The stylus
may be supplied in a variety of curvatures to allow the operator to select the appropriate
curvature to steer the catheter into position based on variations in anatomy or various
injection modalities. Alternatively, the stylus may be constructed of a malleable materal -
that allows the opcrator to shape the stylus to a custom curvature.

{0112] An alternate device embodiment would include a balloon on the tip of the catheter.
The balloon would be inflated via a lumen in the catheter and would be used to anchor the
catheter in place, dissect tissue, or steer the catheter by positioning the balloon on one side
of the cathcter such that it pushes the orifice of the cathcter toward a particular injection
site.

[0113] Bcfore the present* devices and method of treatment are described, it is to be
understood that this invention is not limited to particular embodiments described, as such
may, of course, vary. Itis also to be understood that the terminology used herein is for the
purposc of describing particular embodiments only, and is not intended to be limiting, since
the scope of the present invention will be limited only by the appended claims.

[0114] Where a range of valucs is provided, it is understood that each intervening valuc, to

the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
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[0115]

[0116]

[0i17]

the upper and lower limits of that range is also specifically disclosed. Each smaller range
between any stated value or intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within the invention. The upper and
lower limits of these smaller ranges may independently be included or excluded in the
range, and each range where either, neither or both limits arc included in the smaller ranges
is also encompassed within the invention, subject to any specifically excluded limit in the
stated range. Where the stated range includes one or both of the limits, ranges excluding
either or both of those included limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein have the
same mcaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, some
potential and preferred methods and materials arc now described. All publications
mentioned herein are incorporated herein by reference to disclose and describe the methods
and/or materials in connection with which the publications are cited. It is understood that
the present disclosure supercedes any disclosure of an incorporated publication to the
extent there is a contradiction.

It must be noted that as used herein and in the appended claims, the singular forms
"a", "an", and "the" include plural referents unless the: context clearly dictates otherwise.
Thus, for example, reference to "an aerosol” inclides a plurality of such aerosols and
reference to "the drug" includes reference to one or more drugs and equivalents thereof
known to those skilled in the art, and so forth. 4

The publications discussed herein arc provided solely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such publication by virtue of prior
invention. Further, the dates of publication provided may be different from the actual

publication dates which may need to be independently confirmed.
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CLAIMS
What is claimed is:
1. A injection system for delivering a fluid medium, the injection system comprising:

a ncedle cannula having a needle lumen extending therethrough, the needle cannula
having an axis;

an injection tubing having a distal portion, a distal end, a proximal portion, and an
injection lumen extending through at least the distal portion, an injection port in fluid
communication with the injection lumen and located on a section of the distal portion that
is spaced proximally from the distal end such that the fluid medium exits laterally to the
section, where at least the distal portion is flexible and curves when advanced from the
needle cannula, such that upon advancement out of the needle cannula the distal end of the
injection tubing moves away from an axis of the ncedle cannula, where the injection tubing
is non-rotational but axially moveable within the needle lumen;

a sliding member affixed to the injection tube such that a sliding movement of the
injection tubing limits a stroke of the injection tubing to the fixed distance such that when
the injection tubing is in the proximal position, the distal portion is within the needle
cannula and when the injection tubing advances to the deployed position, the distal portion
of the injection tubing extends out of the far end of the needle cannula; and

a connector on the proximal portion of the injection tube for coupling the injection

tube to a fluid source.
2. The injection system of claim 1, where the distal portion is pre-curved.

3. The injection system of claim 1, where the distal portion is adapted to curve upon

encountering tissuc.

4. The injection system of claim 1, further comprising a directional indicator located on the
needle cannula, where the directional indicator indicates the direction in which the distal

end of the injection tubing moves away from the axis of the needle.

5. The injection system of claim 4, where the directional indicator further comprises a tactile
protrusion extending in a direction relative to the curve such that an operator can track

direction of the curve by feeling the tactile protrusion.

6. Thc injcction system of claim 1, furthcr comprising a dircctional indicator located on the
injection tubing, where the directional indicator indicates the direction in which the distal

end of the injection tubing moves away from the axis of the needle.
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10.

12.

13.

14.

15.

16.

18.

19,

20.

21.

The injection system of claim 6, where the directional indicator further comprises a tactile
protrusion extending in a direction relative to the curve such that an operator can track

direction of the curve by feeling the tactile protrusion.

The injection system of claim 1, where the injection port is located on an exterior of the

curve.

The injection system of claim 1, where the injection port is located on an interior of the

curve.

The injection system of claim 1, where the injection tubing is limited to extend out of the

needle lumen by a fixed distance.

The injection system of claim 1, where a far end of the needle cannula comprises a sharp

tip adapted to penetrate tissue. -

The injection system of claim 11, where the sharp tip comprises a beveled tip having a

tissue piercing tip distal to a heel of the bevel.

The injection system of claim 12, where the heel comprises a recessed section to minimize

inadvertent engagement between the heel and the injection tubing.

The injection system of claim 1, further comprising at least one wire located within the

injection lumen.
The injection system of claim 14, where the wire comprises a radiopaque wire.

The injection system of claim 14, where the wire compriscs a shape memory alloy or a

super elastic alloy.

. The injection system of claim 1, further comprising at least one radiopaque marker

adjacent to the injection port.
The injection system of claim 1, where the sliding member comprises a plunger member.
The injection system of claim 1, where the sliding member comprises a stop surface.

The injection system of claim 19, where the stop surface is entirely within a hub of the

needle assembly.

The injection system of claim 1, where a frictional interface between the sliding member

and injection tube against the needle lumen is minimized.
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22.

The injection system of claim 1, further comprising a hub located at a near end of the

" needle cannula, where the hub allows for manipulation of the needle cannula.

23.

24,

25.

26.

27.

28.

The injection system of claim 22, where the hub comprises a raised surface of the needle

cannula.
The injection system of claim 1, where the distal end of the injection tubing is blunt.

The injection system of claim 1, where a length of injection tube between the connector and
sliding member is sufficient such that the proximal end of the extension tube can be

removed from'a surgical field.

A injection system for delivering a fluid medium, the injection system comprising:

a needle cannula having a needle lumen extending therethrough, the needle cannula
having an axis;

a injection tubing having a distal portion, a distal end, a proximal portion, and an
injection lumen extending through at least the distal portion, where at least the distal
portion is flexible and curved such that upon advancement out 6f the needle cannula the
distal end of the injection tubing assumes the curved shape such that the distal end moves
away from an axis of the needle cannula, where the injection lumen is in fluid
communication with an injection port that is spaced proximally from the distal end such
that the medium exits in a lateral direction, where the injection tubing is rotationally and
axially moveable within the needle lumen and limited to extend out of the needle lumen by
a fixed distance;

a sliding member affixed to the injection tube such that a sliding movement of the
injection tubing limits the injection tubing to the fixed distance such that when the injection
tubing is in the proximal position, the distal portion is within the needle cannula and when
the injection tubing advances to the deployed position, the distal portion of the injection
tubing extends out of the far end of the needle cannula;

a directional indicator located on the sliding member, where the directional
indicator indicates the direction in which the distal end of the injection tubing moves away
from the axis of the needle; and

a connector on the proximal portion of the injection tube for coupling the injection

tube to a fluid source.

The injcction system of claim 26, where the injection tubing is limited to rotate less than

360 degrees within the necdle cannula.

The injection system of claim 26, where the directional indicator further comprises a tactile
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29.

30.

3l

32.

33.

34.

35.

36.

37.

38.

39,
40,

41.

42.

protrusion extending in a direction relative to the curve such that an operator can track

direction of the curve by feeling the tactile protrusion.

The injection system of claim 26, where the injection port is located on an exterior of the

curve,

The injection system of claim 26, where the injection port is located on an interior of the

curve.

The injection system of claim 26, where the injection tubing is limited to extend out of the

ncedle lumen by a fixed distance.

The injection system of claim 26, where a far end of the needle cannula comprises a sharp

tip adapted to penetrate tissue.

The injection system of claim 32, where the sharp tip comprises a beveled tip having a

tissue piercing tip distal to a heel of the bevel.

The injection system of claim 33, where the heel comprises a recessed section to minimize

inadvertent engagement between the heel and the injection tubing.

The injection system of claim 26, further comprising at least one wire located within the

injection lumen.
The injection system of claim 35, where the wire comprises a radiopaque wire.

The injection system of claim 35, where the wire comprises a shape memory alloy or a

super clastic alloy.

The injection system of claim 26, further comprising at least one radiopaque marker

adjacent to the injection port.
The injection system of claim 26, where the sliding member comprises a plunger member.
The injection system of claim 26, where the sliding member comprises a stop surface.

The injection system of claim 40, where the stop surface is entirely within a hub of the

needle assembly.

The injection system of claim 26, where the sliding member is rotatable to less than 360

degrees about the injection tubing.
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43.

44.

45.

46.

47.

The injection system of claim 26, where a frictional interface between the sliding member

and injection tube against the needle lumen is minimized.

The injection system of claim 26, further comprising a hub located at a near end of the

needle cannula, where the hub allows for manipulation of the needle cannula,

The injection system of claim 22, where the hub comprises a raised surface of the needle

cannula.
The injection system of claim 26, where the distal end of the injection tubing is blunt.

The injection system of claim 26, where a length of injection tube between the connector
and sliding member is sufficient such that the proximal end of the extension tube can be

removed from a surgical field.
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48.

49.

50,

S1.

A method of delivering one or more substances at an injection site near a vertebral body in
a patient, the method comprising:-

providing an injection system including a needle cannula having a needle lumen
extending thercthrough and an injection tubing having a curved shape at-a distal portion,
where the injection tube is slidably located in the ncedle lumen to move between a retracted
position and a deployed position, where in the retracted position the injection tubing
remains within the needle lumen and in the deployed position the injection tubing extends
out of a far end of the needle cannula such that the curved shape causes an end of the
injection tubing to move away from an axis of the needle cannula, where an rotational
indicator on the needle cannula correlates to the direction of movement of the end of the
injection tubing;

inserting a tip of the needle cannula into the patient so that the tip is positioned
adjacent to the vertebral body;

advancing the distal end of the injection tube around a feature of the vertebral body
into a vertebral foramen by advancing the injection tube within the needle cannula such that
the distal portion exits the injection tube and assumes the curved shape to advance into a
first lateral recess within the vertebral body;

delivering at Jeast a first substance at the first lateral recess;

retracting the injection tube within the needle cannula without withdrawing the
cannula from the body;

rotating the needle cannula using the rotational indicator to rotationally position the
ncedle cannula; and

advancing the injection tube within the needle cannula such that the distal portion
exits the injection tube and assumes the curved shape to advance into a second lateral
recess within the vertebral body, where the second lateral recess is adjacent to the first

lateral rccess.

The mcthod of claim 48, where retracting the injection tube within the needle cannula
without withdrawing the cannula from the body comprises retracting the injection tube then

repositioning the needle cannula without removing the needle cannula from the body.

The method of claim 48, where using the rotational indicator to rotationally position the
needle cannula comprising feeling a tactile featurc on the rotational indicator to align the

needle cannula with a desired orientation.

The method of claim 48, further comprising delivering at least the first or a second

substance at the second lateral recess.
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52.

53.

54.

55.

56.

The method of claim 48, where advancing the tip of the needle cannula into the patient so
that the tip is positioned adjacent to the vertebral body comprises positioning the tip in an
epidural space.

The method of claim 48, where advancing the tip of the needle cannula into the patient

comprises advancing the tip of the needle cannula through a vertebral foramen.

The method of claim 48, the first substance is selected from a group consisting of a

radiopaque substance, an ancsthetic, and an anti-inflammatory substance.

The method of claim 48, where the injection tubing is coupled to a plunger member having
a limited range of movement within the needle cannula, where advancing the tip of the
distal end of the injection tubing comprises advancing the plunger member within the

needle cannula.

A method of delivering injections to multiple lumbar sites with a single needle insertion,
the method comprising:

providing an injcction system including a ncedle cannula having a needle lumen
extending therethrough and an injection tubing having a curved shape at a distal portion,
where the injection tube is slidably located in the needle lumen to move between a retracted
position and a deployed position, where in the retracted position the injection tubing
remains within the within the needle lumen and in the deployed position the injection
tubing extends out of a far end of the needle cannula such that the curved shape causes an
end of the injection tubing to move away from an axis of the needle cannula, where a
rotational indicator on the ncedle cannula correlates to the direction of movement of the
end of the injection tubing;

inserting a tip of the ncedle cannula into the patient so that the tip is positioned
adjacent to the vertebral body;

advancing the distal end of the injection tube around a feature of the vertebral body

‘into or adjacent to a vertebral foramen by advancing the injection tube within the needle

cannula such that the distal portion exits the injection tube and assumes the curved shape to
advance into a first lateral recess within the vertebral body;

retracting the injection tube within the needle cannula without withdrawing the
cannula from the body;

rotating the injection tubing using the rotational indicator to rotationally position
the needle cannula; and

advancing the injection tube within the needle cannula such that the distal portion

exits the injection tube and assumes the curved shape to advance into a second lateral
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57.

58.

59.

60.

61.

62.

63.

recess within the vertebral body, where the second lateral recess is directionally opposite to

the first lateral recess.

The method of claim 56, where retracting the injection tube within the needle cannula
without withdrawing the cannula from the body comprises retracting the injection tube then

repositioning the needle cannula without removing the needle cannula from the body.

The method of claim 56, where using the rotational indicator to rotationally position the
needle cannula comprising fecling a tactile feature on the rotational indicator to align the

needle cannula with a desired orientation.

The method of claim 56, further comprising delivering at least the first or a second

substance at the second lateral recess.

The method of claim 56, where advancing the tip of the needle cannula into the patient so
that the tip is positioned adjacent to the vertebral body comprises positioning the tip in an

epidural space.

The method of claim 56, where advancing the tip of the needle cannula into the patient

comprises advancing the tip of the needle cannula through a vertebral foramen.

The method of claim 56, the first substance 1s selected from a group consisting of a

radiopaque substance, an ancsthetic, and an anti-inflammatory substance.

The method of claim 56, where the injection tubing is coupled to a plunger member having
a limited range of movement within the needle cannula, where advancing the tip of the
distal end of the injection tubing comprises advancing the plunger member within the

needle cannula.
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