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PERI-VASCULAR TISSUE ABLATION CATHETER
WITH SUPPORT STRUCTURES

FIELD OF THE INVENTION
10081 This invention is in the field of devices to ablate tissuc and nerve fibers
for the treatment of hypertension, congestive heart failure, BPH and prostate cancer and

other disorders.

BACKGROUND OF THE INVENTION
{0062] Since the 1930s it has been known that mjury or ablation of the
sympathetic nerves in or near the outer layers of the renal arteries can dramatically reduce
high blood pressure.  As far back as 1952, aleohol has been used for tissue ablation n
animal experiments. Specifically Robert M. Bemne in “Hemodynamics and Sodium
Excretion of Denervated Kidney in Anesthetized and Unanesthetized Dog” Am J Physiol,

N

October 1952 171:(1) 148-158, describes painting alcohol on the outside of a dog’s renal
artery to produce denervation.

10663 Because of the similarities of anatomy, for the purposes of this
disclosure, the term target vessel will refer here to the renal artery, for hypertension or
congestive heart failure (CHF) applications and the wrethra for BPH and prostate
applications.

{0804 Recent technology for renal denervation inchide energy delivery
dovices using radiofrequency or ulirasound energy, such as Simplicity™ Medtronic,
EnligHTN™ from St. Jude Medical which are RF ablation catheters and One Shot system
from Covidicn. There are potential risks using the current technologies for R¥ ablation to
create sympathetic nerve denervation from interior the renal artery for the treatment of
hypertension or congestive heart failure. The short-term complications and the long-term
sequelac of applying RF energy from interior the renal artery to the wall of the artery are
not well defined. This type of energy applied within the renal artery, and with transmural
renal artery injury, may lcad to latc resienosis, thrombosis, remal artery spasmy,
embolization of debris into the renal parenchyma, or other probiems interior the renal

artery. There may also be uneven or incomplete sympathetic nerve ablation, particularly
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if there are anatomic anomahies, or atherosclerotic or fibrotic disease mnterior the venal
artery, such that there is non-homogeneous delivery of RE energy This could lead to
treatment failures, or the need for additional and dangerous levels of RF energy to ablate
the nerves that run along the adventiial plane of the renal artery.  Similar issues may also
be present with the use of ultrasound.

10065] The Simplicity™ systemn for RF encrgy delivery also does not allow
for efficient circumnferential ablation of the renal sympathetic nerve fibers. I
circumferential RF conergy were applied in a ring segment from within the renal artery
{energy applied at intimal surface to kill nerves in the owter adventitial layer) this could
lead to even higher risks of renal arfery stenosis from the circumferential and transmaural
thermal jnjury to the intime, media and adventitia. Finally, the “buming” of the interior
wall of the renal artery using RF ablation can be extremely painful. The long duration of
the RF ablation renal denervation procedure requires sedation and, at times, extremely
high doses of morphine or other opiates, and anesthesia close 1o general anesthesia, (o
control the severe patn associated with repeated burning of the vessel wall. Thus, there
are numerous and substantial limitations of the current approach using R¥-based renal
sympathetic denervation. Similar Hoitations apply 1o ultrasound or other energy delivery
technigues.

{060066] The Bullfrog® micro infusion catheter described by Seward ez of in US
Patent Nos. 6,547,803 and 7,666,163, which uses an inflatable elastic balloon to expand a
single needlc against the wall of a blood vessel, could be used for the injection of a
chemical ablative sohution such as alcohol but it would require multiple applications as
those patents do not describe or anticipate the circumierential delivery of an ablative
substance around the entire circumference of the vessel. The greatest number of needles
shown by Seward is two and the two needle version of the Bullfrog® would be hard to
miniaturize to fit through a small guiding catheter to be used in a renal artery. If only one
needle is used, controlled and accurate rotation of any device at the end of a catheter is
difficult at best and could be risky if the subsequent injections are not evenly spaced. This
device alse does not allow for a precise, controlied and adjustable depth of delivery of a
neurcablative agent. This device also may have physical constrainis regarding the length
of the needic that can be used, thus limiting the ability to inject agents to an adequate
depth, particolarly in discased renal arteries with thickened intima. Another Hmitation of

the Bullfrog” is that inflation of a balloon within the renal artery can induce transient
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renal ischernia and possibly late vessel stenosis due to balloon injury of the intima and
media of the artery, as well as causing endothelial cell denudation.

{06871 Jacobson and Davig in LLS. Patent Number 6,302,870 describe a
catheter for redication jnjection info the interior wall of 2 blood vessel. While Jacobson
includes the concept of multiple veedles expanding outward, each with a hilt to Huont

enctration of the needle into the wall of the vessel, his design depends on rotation of the
tube having the needle at its distal end to allow it to get into an outward curving shape.
The hilt design shown of a small disk attached a short distance proximal to the needle
distal end has a fixed diameter which will increase the total diameter of the device by at
Teast twice the diameter of the hilt so that if the bilt is large enough in diameter to stop
penctration of the veedle, 1t will significantly add to the diameter of the device. Using a
bilt that has a greater diameter than the tube, increases the device prodile, and also
prevents the needle from being completely retracted back mnside the tubular shaft from
which it emerges, keeping the needles exposed and potentially allowing accidental
needlestick injurics 1o occur.  For either the renal denervation or atrial fibrillation
application, the length of the needed catheter would make control of such rotation
difficult. In addition, the hilts, which limit penctration, arc a fixed distance from the
distal end of the needles. There is no built in adjustroent on penetration depth which may
be important if one wishes to selectively target a specific layver 1n 2 vessel or if one needs
to penetrate all the way through to the volume past the adventitia in vessels with different
wall thicknesses. Jacobson also does not envision use of the injection catheter for

5
b
i

denervation. Finally, FIG. 3 of the Jacobson patent shows a sheath over expandable
needles without a2 guide wire and the sheath has an open distal end which makes
advancement through the vascular system more difficult. Also, because of the hilts, if the
needles were withdrawn completely insdide of the sheath they could geot stuck inside the
sheath and be difficult to push out.,

{0008] Ag early as 1980, alcohol has been shown to be effective in providing
renal denervation in animal models as published by Klinge et al in “Functional re-
imteriorvation and development of supersensitivity to NE after renal denervation in rats 7,
American Physiological Society 1980:0363-6110/80/0006-0000861.25, pp. R353-R358.
Kline states that “95% alcohol was applied to the vessels to destroy any remaining nerve
fibers. Using this technique for renal denervation, we have found renal norepinephrine

concentration o be over 50% depicted (fe. < 10 mg/g tissuc) two weeks afier the
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operation.” Again mn 1983 1o the article “Effect of renal denervation on arterial pressure
m rats with aottic nerve iransaction” Fyperfension, 1983, 5:468-475, Kline agam
publishes that a 95% alcohol solution applied during gurgery is effective in ablating the
nerves surrounding the renal artery m rats. Drug delivery catheters such as that by
fescribed by Jacobson which are designed to mject fhuids at multiple points ito the wall
fan artery have existed since the 1990,

{06891 MeGuekin in US Patent No. 7,087,040 describes a tumor tissue
ablation catheter having three expandable tines for injection of fluid that exit a single
needle. The tines cxpand outward fo penetrate the tissue. The McGuckin device has an
open distal end that does not provide protection from madvertent needle sticks from the
sharpened tines. In addition, the McGuckin device depends on the shaped tines to be of
sufficient strength so that they can expand outward and penetrate the tissue. To achieve
such strength, the tines would have to be so large in diameter that severe extravascular
bleeding would often occur when the tines would be retracted back following thud
imjection for a renal denervation application. There also is no workable penetration
Hrniting mechanism that will rebably set the depth of penetration of the distal opening
from the tines with respect to the intevior wall of the vessel, nor is there a preset
adjustment for such depth.  For the application of freating liver turgors, the continually
adjustable depth of tine penetration may make sense since raultiple mnjections at several
depths might be needed. However, for renal denervation, the ability fo accurately adjust
the depth or have choice of penciration depth when choosing the device to be used i3
mporiant 50 as to not infuse the ablative fluid oo shallow and fnjure the media of the
renal artery or too deep and thus miss the nerves that are in the adventitial and peri-
adventitial layers of the renal artery.

[0610] Although alcohol has historically been shown to be effective as a
therapeutic agent for renal denervation and is indicated by the FDA for usc in the ablation
of nerves, there is need for an intravascular injection system specifically designed for the
peri-vascular circumaferential ablation of sympathetic nerve fibers in the outer layers
around the renal arieries with adjustable penetration depth to acconumodate variability in
vessel wall thicknesses and to account for the fact that many renal ariery nerves are
situated at some distance outside of the artery’s adventitia.

{0011 Throughout this specification any of the terms ablative thad, ablative

solution and/or ablative substance will be used interchangeably to include a hquid or a
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gaseous substance debivered into a volume of tissue m a buman body with the intention of
damaging, killing or ablating nerves or tissue within that volume of tissue.

{0012] Also throughout this specification, the term inside wall or interior
surface applied to a blood vesscl, vessel wall, artery or attevial wall mean the same thing
which is the inside surface of the vessel wall inside of which is the vessel lumen. Also
the term injection egress is defined as the distal opening in a needle from which a thud
being injected will emerge. With respect o the injection needle, cither injection egress or
distal opening may be used here interchangeably,

10613] The terounology “decp to” a structure 18 defined as beyond or outside
of the structure so that “deep to the adventitia” refers to a volume of tissue outside of the

adventitia of an artery.

SUMMARY OF THE INVENTION
[0614] Fischell et al in US Patent Applications 13/216,495, 13/294 439 and
13/342,521 describe several methods of using expandable needies to deliver ablative thud
mto or deep to the wall of a target vessel. Each of these applications is herchby
mncorporated by reference in its entivety.  There are two types of embodiments of
13/216,495, 13/294.439 and 13/342,521 applications, those where the needles alone
expand outward without support from any other structure and those with guide tubes that
act as guiding eclements to support the needles as they are advanced into the wall of a
target vessel. The limitation of the needle alone designs are that if small enough needles
are used to avoid blood loss following penetration through the vessel wall, then the
needles may be too fHmsy to rehiably and uniformly expand to their desived position. The
use of a cord or wire to connect the needles together in one embodiment helps some in the
arca. The use of guide tubes as described in the Fischell apphications 13/294,439 and
13/342.521 greatly imoproves this support, but the unsupported guide tubes themselves
depend on thewr own shape to ensure that they expand uniformly and properly center the
distal portion of the catheter. Without predictable catheter centering and guide tube
expansion it may be challenging to achieve accurate and reproducible needle penetration
to a targeted depth.
H0615] Another iimitation of the non-supported guide tubes is the lack of
radial support or “backup” as the injection needles are advanced through the guide tubes.

This can result n the guide tubes bemng pushed away from the interior surface of the
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vessel wall as the needles are advanced.  If the guide tubes are stiff enough to provide
backup then the distal section of the catheter becomes more rigid and this may Hmit
catheter deliverability, and yoay cause trauma to the wall of the vessel. f the guide tubes
are fairly flexible then they can be pushed away from the wall during needle
advancement, and/or be displaced radially such that the injection sites are not disiributed
symmetrically around the central axis of the target vessel.

10616] The present application discloses a Peri-vascular Tissue Ablation
Catheter (PTAC), that is capable of debivering an ablative fluid to produce
circumferential damage in the tissue that is in the outer layer or bevond the outer layer of
a vessel of a buman body. The tissue and nerve ablation using this technique can be
accomplished 1o a relatively short time as compared with RY ablation catheters, and also
has the advantage of using only a disposable catheter, with no additional, externally
located, capital equiproent.  §t will also allow the use of short acting anesthetic agents
like Versed, and lower doses of narcotics to reduce or eliminate patient discomfort and
pain during the procedure.

{60171 The primary focus of use of PTAC is in the treatment of hypertension
and congestive heart failure by renal denervation and the treatment of BPH and prostate
cancer by tissue ablation of the prostate from a catheter in the wrethra,

{68131 Unhike the Bullfrog or current R¥ ablation devices that work with one
or, at most two points of ablation, the presently disclosed device s designed to provide
peri-vascular fluid injection allowing a more uniform circum{erential injury to the nerves
or other “target” tissue, while minimizing mjury to the mterior layers of the vessel wall
The term “circumferential delivery” i3 defined here as at least three points of
stmultancous injection of a suitable ablative solation within a wvessel wall, or
circurnferential illing of the space outside of the adventitial layer {outer wall) of a blood
vessel.  Unlike the Jacobson device of U.S. Patent Number 6,302,870, which does
describe circumferential delivery, the disclosed device does not depend upon rotation of a
tube to create outward movement nor does it have a fixed diameter hilt to hmit

penetration.  In addition, while the Jacobson patent shows a version of his device that
pulls back within a sheath like tube, the tube has an open end and the claims of the
Jacobson patent require an mcrease n diameter to accommodate the manifold that allows
the fhud flowing in one Tumen from the proximal end of the catheter to egress through

multiple needles. The preferred embodiment of the present application uses a manifold
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that fits within the lumen of the tabe thus greatly decrcasing the diameter of the catheter
which enhances dehivery of the catheter to the desired site within the human body.

[6619] Specifically, there 1s a definite need for such a catheter system that 15
capable of highly efficicunt, and reproducible peri-vascular ablation of the sympathetic
nerves surrounding the renal artery, or tissue around a target vessel, and thus improve the
control and treatroent of hypertension, etc.  The primary imoprovement of the present
disclosure is the addition of support structures that tmprove the uniformity and symmetry
of expansion of the guide tubes of the Fischell 13/294,439 and 13/342,521 applications.
The support structures of the present application also support the expanded guide tubes in
the radial {outward) divection to provide better backup as the vecdles are advanced
through the guide tubes and into the wall of the target vessel.

106020] This type of system may also have major advantages over other current
technologics by allowing highly efficient, and reproducible peri-vascular circuomferential
ablation of the muscle fibers and conductive tissue in the wall of the pulmonary veins
near or at their ostium into the left atrium of the heart. Such ablation could interrupt atrial
fibrillation (AF)} and other cardiac arrhythmoias. The concepts of the present application
could also be used 1o ablate prostatic tissue external o the prostatic urethra to freat benign
prostatic hyperirophy (BPH) or prostate cancer. Other polential applications of this
approach may alse become evident from the various teachings of this patent.

{06211 Like the earlier Fischell inventions for the treatment of hypertension,
the present application discloses a small diameter catheter, which inclodes multiple
expandable injector tubes having sharpencd injection needles at or near thewr distal ends
that are advanced through guide tubes designed to support and guide the needles into and
through the inner layers of the target vessel.

e There are two primary embodiments of the present invention that improve upon
the Fischel designs of 13/294,439 patent application. The first cmbodiment uses
three or more manually cxpanded guide tubes that are advanced through tubular
shails in the distal portion of the PTAC. Each tubular shaft having a central
buttress with a shape that curves outward from the longitudinal axis of the PTAC
distal portion. The pre-shaped, curved guide tubes will follow the shafl and
advance outward against the interior surface of the target vessel.

= The key to this design is the support (backup) provided by the ceuntral butiress and

by the mass of the central catheter body that prevents the guide tubes from
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pushing away from the interior wall of the target vessel as the ijector tubes with
distal needles are advanced through the vessel wall. Specifically an outward
curving central buttress support that is part of the distal section of the tubular shaft
provides the ahove mentioned backup or support.  In addition to radial support
for the guide tubes, the butiress n conjunction with the openings in the distal end
of the tubular shaft also support the uniform spacing and lateral stability of the
auide tubes.

{66221 There is also a significant advantage of this embodiment over the
Fischell 13/294.439 application as far as the uniformoity and predictability of device
centering and the enbanced control of the rate of advancement of the guide tubes to their
position engaging the interior wall of the target vesscl.

[0823] The distal portion of the guiding catheter used to access the target
vessel (such as the renal artery) is typically not aligned with the longitudinal axis of that
vessel. Since that is the case, the presently disclosed device with a manuvally expanded
embodiment using three guide tubes will be advantageous in several different ways.

10024 When the three guide tubes are advanced outward, one will touch the
interior wall of the target vessel first and as the guide tubes are further advanced outward,
this first touching guide tube will push the body of the PTAC away from the wall toward
the center of the vessel until the second goide tube touches the interior wall of the target
vessel.  Then both touching guide tabes will push the PTAC further toward the cenier of
the vessel until the third guide tube touches the nterior wall of the vessel. Because the
guide tubes here are not {himsy self-expanding stroctures, and have ecach the same
diameter of expansion from the longitudinal axis of the PTAC, this will reproducibly
place the distal portion of the PTAC close to the true center of the vessel. Fluoroscopic
imaging of the radiopaque markers on the distal portion of the guide bibes provides visual
confirmation of the correct centering of the guide tubes. This centering can also be
confirmed by using contrast injected from the guiding catheter, after guide tube
deployment.

{00251 Another key advantage of this system 1s the stabilization and “backup”
support of the guide tobes as the injector tubes with distal injection ncedles are
deployed/advanced through the target vessel wall. The guide tubes, which are now
engaged against the jnterior wall of the target vessel, are supported by the nibular shafis

in the body of the PTAC. Because of this central catheter “backup,” the guide tubes
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should remamn in place as the injection needles penctrate the interior wall of the target
vessel and advance distally to thewr preset depth of penctration. The ablative thud can
then be delivered, the needles retracted back into the guide tubes and the guide tubes and
needles retracted back fnto the tubular shafts within the distal portion of the PTAC.

10026} A second embodiment of the present invention that improves upon the
teachings of the Fischell application 13/294,439 utilizing a self-expanding design, utilizes
guide tubes attached to an mtraluminal centering mechanismo (ICM). One emmbodiment of
the ICM is an expandable wire basket fike structure that opens up against the toterior wall
of the target vessel and mmproves the centering, uwniform and symmetric expansion, and
radial support {backup) for the guide tubes 1o prevent the guide tubes from pulling away
from the toterior wall of the farget vessel as the tojection needles are advanced though
that wall. The ICM is particularly of value if the guide tubes with ICM are self-
expanding. The ICM can also provide additional stability and backup for mamually
expandable guide tubes such as described i the first embodiment above. The ICM may
nclude specific radiopague markers to provide visualization during fluorescopy of the
state of cupansion of the ICM. The ICM may also create a minimal degree of offset from
the tip of the guide tubes fo the vessel mnferior wall, in order to decrease frauma to the
interior laver of the vessel wall by the guide tube tips.

100271 In either embodiment of the presently disclosed PTAC, ablative fluid
can be injected through the distal ends of the injection needics that have a distal opening
{injection egress) at or near their distal ends.  There is a penetration limiting mechanisig
as part of the PTAC so that the necedles will only penetrate into or beyond the interior
wall of the target vessel 1o a preset distance. The preferred embodiment of the
penctration limiting mechanisma is integrated into the proximal portion of the PTAC and
may inciude penetration depth adjustment means. The adjustment could include
markings that allow for precise depth adjustments.

{0028] Adjustment of the penetration depth by mechanisms in the proximal
end of the PTAC may be either physician controlled or they could be preset during device
production. In the first case, use of intravascular ultrasound or other imaging techmques
could be used to identify the thickness of the renal artery at the deswred site for PVRD.
The clinician would then adjust the depth accordingly. Il is also envisioned that the
PTAC could be preset in the factory using the depth adjustrment which would not be

accessible to the clinician and if mudtiple depths are needed, different product codes
N N 2 K
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would be provided that allow for different depths of penetration. For example, three
depths might be available such as at least 2mm, at least 3mm and at least 4rom. Another
advantage of factory adjustable depth 1s to simplify cabibration and guality production as
the vanation for each produced PTAC may require a final m factory adjustment of needle
fepth so that precise depth of penetration is provided. ¥t is also an advantage for
regulatory filings that a preset depth or depths be used during trials and for approval to
Hmit potential ervor in setting the wrong depth. Fmally, it is envisioned that both an
miemal adjustment for factory production and cahibration and an exiernally available
adjustment with depth markings could be integrated into the PTAC.

10629] The adjustroent mocans can be used with the presently disclosed PTAC
in one of the following ways:

1. For adjustroent and calibration of a2 preset penctration depth during device
manufacturing. In this case, the device might be mamufactured with several
fabeled calibrated preset depths.

2. For adjustment of the depth of penctration by the device operator before or during
use of the PTAC. This design would joclude markings on the PTAC that show
where the depth where the ablative fluid would be injected. This design is of
particular use for BPH and prostate cancer applications where injections at a
series of different depths would be desirable to allow delivery into the appropriate
volume of prostate tissue.

160301 Ideally, the injection needles should be sufficiently small so that there
will be virtually no blood loss following the withdrawal of the injector tubes from the
vessel wall. A major advantage of the embodiments disclosed in the present application
over the embodiments taught in the Fischell 13/216,495 application and the Jacobson
6,302,870 patent is that with such small (< 25 gauge) needles, self-expanding stroctures
can be quite fHimsy and not reliable to ensure accurate penctration of the vessel wall i not
supported by structures like the presently disclosed guide tubes. The presently disclosed
guide tubes with attached ICM offer additional advantage over the unsupported guide
tubes of prior Fischell designs as described in the 13/294,439 and 13/342,52 1applications.
Another advantage being the rehiable centering of the guide tubes in the vessel and
reduced trauma where the expanded mechanism touches the infertor of the vessel wall.

{0031 There are several different embodiments of the presently disclosed

ICM supported guide tubes. These include:
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1. An expandable structure with proximal, central and distal portions, constructed
from a single twbe of a memory metal such 48 nitinol ot a spring metal. The
proxtroal portion of the structure would be a guide tube similar to that of Fischell
13/294,439 and 13/342,521 applications which would provide a guide for the
mjector tubes with distal injection needles. The central and distal portions being
the JCM. The central portion of the structure would have a radiopague marker
and be designed to open up to touch the interior wall of the vessel with minimal
trauma. The expandable distal portion of the structure would support the guide
tubes and central portion of the expandable structure facilitating reproducible
expansion. A preferred embodiment of this structure provides a distal structure
with enhanced flexibility. The structure here can be self-expanding or provide
expansion through manipulation of an Expansion Contrel Mechanism (ECM) at
the proximal end of the PTAC, or both where the PTAC has a sel{~expandmg 1CM
and an BECM that can be used to adjust or enhance the expansion.

2. An expandable stracture with proximal, central and distal portions, with a plastic
guide tube having an integrated spring member, the spring member extending
distally from the distal end of the guide tube to form the ICM. The guide tube
hike those of the Fischell 13/294,439 and 13/342,521 applications providing a
auide for the injector tubes with distal mjection needles. The central portion of
the structure would have a radiopague marker and be designed to open up to touch
the interior wall of the vessel with minimal trauma. The expandable distal portion
of the structure would support the guide tubes and ceniral portion of the
expandable structure facilitating reproducible expansion. The structure here can
be self~expanding or provide cxpansion through manipulation of an Expansion
Control Mechanism (ECM) at the proximal end of the PTAC, or both where the
PTAC has a self-expanding YCM and an ECM that can be used fo adjust or
enhance the expansion.

3. Expandable guide tubes like those of the Fischell 13/294.43% and 13/342,521

s

applications providing a guide for the injector tubes with distal injection needles.
The guide tubes attached to an ICM formed by an expandable balloon, inflated
through a lumen in the shaft of the PTAC.

[0832] The injector tubes with distal injection needles of the presemtly

disclosed embodiments would typically have a preset curved shape with a radius of

'
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curvature similar to that of the guide tubes. Thus as the njector tubes are advanced
through the guide tubes they will follow the guide tube curve and not cause the guide
tubes to change position with respect to the interior wall of the target vessel. The radius
of curvature of the distal portion of the guide tubes and the distal portion of the injector
tubes should be within plus or minus 25% of each other and 1deally within plus or minus
1%,

10833] The embodiments of the present application will function in vessels of
different diameters as the expanded shape of the guide tubes will be set so that, without
the constraint of the interior wall of the vessel, they would achieve an expanded diameter
shghtly larger than the biggest vessel diameter envisioned for device use. 1t 1s also a
feature of the crwbodiments of the present application that the injector tubes curve
backward in the proximal direction as they extend from the distal end of the guide tubes
and penetrate through the vessel wall.

0834 Because precise depth penctration is preferred, the tubing used for any
of the PTAC proximal or distal sections should have limited siretchability so they do not
clongate during deploymertt through a guiding catheter into the renal artery. For
example, stainless steel, L6GS5 or nitinol hypotubes could be the best material for the
proximal tubular sections of the PTAC. Alternately, metal reinforced tubing or high
durometer plastic with reduced elongation tendencies could be used. Such tubing would
alse be suitable for the distal section of the PTAC where more flexibility is needed to go
around the nearly right angle bend in the guiding catheter as it enters the renal artery from
the aorta.

10835] The injector tubes with distal needies are in ffuid communication with
an injection lamen in the catheter body, which is in fluid communication with an mjection
port at the proximal end of the PTAC. Such an injection port would typically inclode a
standard connector such as a Luer connector used to conmect to a source of ablative fluid.
Also envisioned and described herein is the use of a customized {proximal} fitting
{(different from a Luer fitting} for the imection port that can improve safety by
disallowing the accidental injection of fluid from a standard syringe, and also to minimize
dead space within the catheter when injecting ablative agenis.

{0836] This injection system also anticipates the use of very small gauge
needles {smaller than 25 gauge) 1o penetrate the arterial wall, such that the needle

Fag
£
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penetration could be safe, even if targeted to a volume of tissue that is at or beyond the
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adventitial Iayer of the aorta, a pulmonary vein or renal artery, or prostatic urethra. It is
also anticipated that the distal needle could be a cutting needle or a coring needle and
with a culting needle the injection egress/distal openmg ports could be small injection
holes (pores) cut into the sides of the injector tubes or distal needle, proximal o the
cutting needle tip. There should be at least 2 mjector tubes but 3 fo 8 tubes may be more
appropriate, depending on the diameter of the vessel to be treated and the ability of the
mjected ablative fluid to spread within the peri-vascular space. For example, in 8 5 mum
diameter renal artery, only 3 or 4 needles may be needed while m an 8 mm diameter
renal, one might need § to 6 needles.

{06371 The preferred embodiment of the present disclosure would use ethanol
as the ablative fluid because this thud is agrophobic, ipophilic, and spreads quickly in the
peri-vascular space. Therefore, only 3 needles are necded to create circumferential
dehivery of this ablative agent, which allows one fo use a smaller diameter device. It is
also envisioned that use of ethanol or another alcohol plus another neurotoxic agent could
also enhance the spread of the ablative agent n the peri-vascular space.

{06038] A self-expanding embodiment of the presently disclosed PTAC would
typicaily include a tubular, thin-walled sheath that constrains the guide tubes and ICM
prior to deployment, during transition from treating one renal artery fo the other, and
during remaoval from the body. The sheath also allows the distal end of the PTAC to be
casily inseried into the proximal cnd of a guiding catheter or introducer sheath. The
sheath also serves to protect the operator{s) from possible needle sticks and exposure to
blood bome pathogens at the end of the procedure when the PTAC is removed from the
patient’s body. The sheath would typically include a radiopague marker near s distal
end to allow the operator to know s position under fluoroscopy.

{039 The entire PTAC 1s designed to include a fixed distal guide wire or be
advanced over a guide wire in either an over-the-wire configuration where the guide wire
humen runs the entire length of the PTAC or a rapid exchange configuration where the
guide wire exits the catheter body at least 10 om proximal to the distal end of the PTAC
and runs outside of the catheter shaft for its proximal section. It is also envisioned that
one could use a soft and tapered distal tip, even without a distal guidewire, for some
applications.

{0840 The fixed wire version, or the version with the soft tapered distal tip

without a guidewire are the preferred embodiments, as they would have the smallest

'
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distal diameter. Just proximal to the {ixed wire is a tapered distal portion of the PTAC
which can be called an obturator.  The obturator serves several purposes in the design of
the PTAC.

1. It provides a tapered flexible member that expands in diameter from the thin fixed
distal guide wire to allow the PTAC to better track around bends such as the bend
m the guding catheter from the aorta mto and through the ostium of the renal
artery.

2. The proximoal portion of the obturator mates with the sheath described above to
completely surround and constramn the expandable portions of the PTAC system
meluding guade tubes and ICM with injection necdles.

3. The obturator would typically include a radiopaque marker that would allow the
operator to visualize the position of the obturator as well as its position with
respect to the sheath.

4. It is envisioned that the obturator could be tapered and soft such that even without
a fixed distal guidewire the advancement of the device could be safely performed
for certain applications, including m renal denervation.

10841 Fluoroscopic visuahization of the correct deployment of the guide tubes
and jection needles are highly desirable.  There ave several ways that this goal could be
accomplished. It is envisioned that the injection needles, guiding tubes and injection
tubes could be formed from a radiopaque material such as tantalum or tungsten or coated,
ot raarked with a radiopaque material such as gold or platinum so as to make them clearly
visible using fhuoroscopy.  The preferred method however is to place radiopaque marker
bands near the distal ends of each guide tube and inchide a radiopague wire within the
lomen of cach injector tube.  In addition to providing better visibility, the radiopaque
wite i the humen of cach injector tube reduces the tnternal volume or dead space within
the injector tube thereby reducing the amount of thid needed to flush the internal volume
of the PTAC.

10042] It is also envisioned that one or more of the injector needles could be
clectrically connected to the proximal end of the PTAC so as to also act as a diagnostic
clectrode(s) for evaluation of the electrical activity in the area of the vessel wall.

10843] It is also envisioned that one could attach two or more of the
expandable legs to an clectrical or RE source to deliver electric current or RF energy to

perform tissue and/or nerve ablation.
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{044 It is also envisioned that this device could utilize one, or more than one
neuroablative substances to be injected stmultancously, or mn a sequence of ijections, in
order to oplimize permanent sympathetic nerve disruption in a segment of the renal artery
{neurotmesis). The anticipated neurotoxic agents that could be utilized includes but is not
timited to cthanol, phenol, glycerol, local anesthetics in relatively high concentration
{e.g., idocaine, or other agents such as bupivicaine, tetracaine, benzocaine, etc.}, anti-
arrhythmic drugs that have neurctoxicity, botulinum toxin, digoxin or other cardiac
glycosides, guancthidine, heated fluids ifocluding heated saline, hypertonic saline,
bvpotonic fluids, KCI or heated neurcablative substances such as those hsted above.

{0045] It is also envisioned that the ablative subsiance can be hypertonic
fluids such as hypertonic saline {exira salt) or hypotonic fluids such as distilled water.
These will cause permanent damage to the nerves and could be equally as good as alcohol
or specific neurotoxins, These can alse be injected hot or cold or at room temperature.
The use of distilled water, hypotonic saline or hypertonic saline with an injection volume
of less than 1 ml climinates one step in the use of the PTAC because small volumes of
these fluids should not be harmful to the kidney and so the need to completely flush the
ablative fluid from the PTAC with normal saline to prevent any of the ablative fluid
getting into the renal artery during catheter withdrawal is no longer needed. This means
there would be only one fluid injection siep per artery instead of two if a more toxic
ablative fluid is used.

10846] It is also envisioned that the PTAC catheter could be connected to a
heated fluid or steam source to deliver high temperatire fluids to ablate or injure the

T

iypertonic fluid,

target tissue or nerves. The heated fluid could be normal saline, 1
hypotonic fluid alcchol, phenol, hdocaine, or some other combination of fhuids. Injection
of hot or vaporized normal salineg, hypertonic saline, hypotonic saline, ethanol, distilled
water or other fluids via the needles could also be performed in order to achieve thermal
ablation of target tissue or nerves at and around the needle injection sites.

{00471 The present disclosure also envisions use of anesthetic agents such as
Hdocaine which 1f injected first or 1u or together with an ablative solution can reduce or
ehminate any pain associated with the denervation procedure.

{00481 It is also envisioned that one could utilize imaging techmiques such as

9

multislice CT scan, MRI, intravascular ultrasound (IVUS) or optical coherenc

<5

tomography (OCT) imaging to get an exact measurement of the thickness and anatomy of
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the target vessel wall {e.g., the renal artery) such that one could know and set the exact
and correct penetration depth for the injection of the ablative agent prior o the
advancement of the imjector needles or injector tubes. The use of IVUS prior o use of the
PTAC roay be particularly useful in order to target the exact depth intended for mjection.
This exact depth can then be targeted using the adjustable depth of penetration feature or
by selection of an appropriate PTAC having a preset depth for the delivery of the ablative
fluid. In production, different product codes would be made available with package
labeling according to the penetration depth,

{33491 For use in renal sympathetic nerve ablation, the present preferred
manually expandable (“push”) guide tube erbodiment of the PTAC would be used with
the following steps (although not every step is essential and steps may be siroplified or
modified as will be appreciated by those of skill 1o the art)y:

1. Sedate the patient using standard techniques for cardiac catheterization or septal

~

ablation, for example - in a manner similar to an alcohol septal ablation, (Versed
and narcotic analgesic),

2. Fuogage a first renal artery with a guiding catheter placed through the femoral or
radial artery using standard artevial access methods.

3. Adfter flushing all lumens of the PTAC, including the mijection lumen, with saline,
advance the distal end of the PTAC with a fixed distal guidewire position into the
guiding catheter. Advance the distal portion of the PTAC through and beyond the
distal end of the guiding catheter, until the radiopaque marker on the obturator or
guide tubes are at the desired location in the renal artery,

4. Mauoually advance the guide tubes out of their tubular shafis using the mechanism
o the proximal section of the PTAC until they are fully expanded against the
foterior wall of the target vessel. Expansion can be confirmed by visualization of

the radiopaque tips of the guide tubes.

L

Next, the injection tubes/needles are advanced coaxially through the guide tubes
to penetrate through the internal elastic lamina (JEL) and media of the artery, then
through the external elastic lamina (EEL) to a preset distance (typically between
0.5 to 4 ram but preferably about 2-4 num) beyond the IEL into the owuter
{adventitial and/or peri-adventitial) laver(s} of the vessel wali of the renal artery.

The injection tubes/needles are thercby positioned to deliver the neurcablative

o

agent(s} at or “deep to” (puiside ofy the adventitial plane. The depth of 2-4 mun

)
[
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deep relative to the TEL will nunimize mtimal and medial renal artery injury. The
normal thickness of the media in a renal artery is between 0.5 and 0.8 mm. The
depth hmitation feature of the embodiments disclosed n the present disclosure has
the distal opening of the needles set to be a fixed distance beyond the distal end of
the guide tubes. In a normal renal artery the guide tubes would be positioned
against the EL which is normally situated at or near the interior wall of the target
vessel. I there 1s intimal thickening from plagque or neointimal hyperplasia withm
the artery as seen by angiography, IVUS or OCT, then as much as 3-6 mum of
penetration depth beyond the end of the end of the guide tube may be needed.
Specific product codes (7.e., preset designs) with preset greater penetration depths
or user available adjustroents in the handle of the PTAC are envisioned to
facilitate this. If the vessel has a stenosis, it would be preferable to pick the site
for needle penetration away from the stenosis and to treat the stenosis as needed
with Percutaneous Coronary Intervention (PCH),

6. Imect an appropriate volume of the ablative agent which can be an ablative fluid,
such as ethanol (ethyl aleohol), distilled water, hypertonic salme, hypotonic
saline, phenol, glycerol, lidocaine, bupivacaine, tetracaine, benzocaine,
guancthidine, botulinum toxin, glycosides or any other appropriate neurotoxic
fluid. This could include a combination of 2 or more neuroablative fluids or local
anesthetic agents together or in sequence (Jocal anesthetic first to dimimsh
discomfort, followed by delivery of the ablative agent) and/or high temperature
fluids {or steam), or extremely cold {cryoablative) fluid into the vessel wall and/or
the volume just outside of the vessel. A typical injection would be 0.1 - 3.0 mh
This should produce a multiplicity of ablation zones {one for each injector
tube/needie) that will intersect to form an ablative ring around the circumference
of the target vessel. Contrast could be added 1o the injection cither during a test
mjection before the neurcablative agent or durtng the therapeutic injection to
allow x-ray visualization of the ablation zone. With ethanol, as an ablative agent,
a volume of less than 0.5 wl is sufficient for this mfusicn as it will not only
completely fill the needed volume including the sympathetic nerves, but is small
cnough that if accidentally discharged into the renal artery, would not harm the

patient’s kidneys. ideally, a voluroe of (.1 mi to 0.3 ml of ethanol should be used.
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7. Imiect normal saline solution inte the PTAC sufficient to completely flush the
ablative agent out of the injection lumen(s) (dead space) of the PTAC mcluding
the mjector tubes with distal imjection needles. This prevents any of the ablative
agent from accidentally getting mto the renal artery during the withdrawal of the
needles nto the PTAC. Such accidental discharge mto the renal artery could
cause damage to the kidneys. This step may be avoided if distilled water,
hypotonic or hypertonic saline 1s used as the ablative agent or if the volume of
ablative agent is small cnough such that the potential for kadney damage by
accidental discharge into the renal artery is reduced. It is also envisioned that
with ethanol, where less than 0.5 ml is necded for ablation, that flushing may be
unmecessary as 0.5 ml in the presence of normal blood flow will not harm the
kidneys.

8. Retract the PTAC injector tubes/meedies back mside the guide tubes.

9. Retract the guide tubes back inte the tubular shafts of the PTAC.

10. In some cases, one could rotate the PTAC 30-90 degrees, or relocate the PTAC

0.2 to 4 cm distal or proximal to the first injection site and then repeat the

b

mjection if needed to make a second ring of tissue damage to create even greater
denervation/ nerve ablation.

11. The same methods as per prior steps can be repeated to ablate tissue in the
opposite {contra-lateral} renal artery.

12. Remove the PTAC from the guiding catheter completely.

13. Reomove all remaining apparatus from the body.

H0830] A simaplified version of the prior procedure avoids the use of saline
flushes for the catheter injection lumen/dead space as follows:

1. Sedate the patient using standard techniques for cardiac catheterization or septal
ablation, for example - in a manner similar to an alcohol septal ablation, (Versed
and narcotic analgesic),

2. Engage a first renal artery with a guiding catheter placed through the fomoral or
radial artery using standard arterial access methods with the distal end of the

guiding catheter being situated beyond the ostium of the renal artery.

L3

Ouiside of the body, with the needle gniding ¢lements/guide tubes and needles

fully expanded, flush the injection lumen with the ablative fluid.
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4. Outside of the body, flush all lumens of the PTAC except the injection lumen with
saline. With enough saline flowing through the guide tubes and catheter distal

openings, this should wash any residual ablative fluid oft of the outer surfaces of

the PTAC.
5. Retract the needies and needle gmuding elements/gunde tubes,

6. Advance the PTAC through the guiding catheter to the desired spot in the renal
artery.

7. Manually advance the needle guiding elements/guide tubes

8. MNext, advance the injection tubes/needles to penetrate through the internal elastic
larmina (IEL) to the desired depth.

9. Imect an appropriate volurme of the ablative agent/fhuid.

10. Retract the PTAC injector tubes/meedies back mside the guide tubes.

11. Retract the guide tubes back inte the tubular shafts of the PTAC.

12. Retract the PTAC back into the guiding catheter.

13, if desired, move the guiding catheter to the opposite (contra-lateral) renal artery.

14. Repeat steps 6 through 1.

15. Remove the PTAC from the guiding catheter completely.
16. Remove all remaining apparatus from the body.

{00511 This simplified procedure should be safe because the amount of
ablative fluid that can leak out of the retracted injection needles is significantly less than
the dead space in the PTAC, Specifically, while as vuich as §.5ml of many ablative fhuids
such as cthanol can be safely injected into the renal artery without causing kidney
damage, cven if the cotire futernal volume were to leak out inte the renal artery, because
the dead space is less than 0.3mi, it would not harm the kidney. 1o the real world, tess
than 10% of the internal volurae (i.e., less than 0.03 mb) can ever leak out of the closed
PTAC so the simplified procedure above should be extremely safe.

10052] For use in renal sympathetic nerve sblation, the embeodiment of the
presently disclosed PTAC with ICM would be used with the following steps (although
1ot every step is essential and steps may be simplified or modified as will be appreciated
by those of skill in the art):

1. Sedate the patient using standard techniques for cardiac catheterization or septal
ablation, for example - in a manner similar to an alcohol septal ablation, (Versed

and narcotic analgesic).
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2. Engage a first renal artery with a guiding catheter placed through the femoral or
radial artery using standard arterial access methods.

3. After flushing all lumens of the PTAC, including the mjection fumen, with saline,
advance the distal end of the PTAC m its closed position into the gumiding catheter.
Advance the distal portion of the PTAC through and beyond the distal end of the
guiding catheter, until the radiopaque marker on the YCM or guide tubes are at the
destred location in the renal artery.

4. Pull back the sheath allowing the expandable guide tubes with ICM to open up
against the interior wall of the renal artery. 1f the {CM 15 self-expanding this will
happen autorpatically, if the expansion is controlied by a proximal expansion
control mechanism (ECM), then the ECM can be manipulated by the operator to
cause expansion of the ICM and guide tubes. Expansions can be confirmed by
visuahization of the radiopaque tips of the guide tubes and/or the radiopague
markers on the ICM.

5. Next, the injection tubes/meedles are advanced coaxially through the guide tubes
to penetrate through the internal elastic lamma (JEL) at a preset distance (typically
between 0.5 to 4 yom but preferably about 2-4 mm) beyond the TEL into the outer
{adventitial and/or peri-adventitial} layer(s) of the vessel wall of the renal artery to
deliver the neuroablative ageni(s) at or deep to the adventitial plane. The depth of
2-4 mm deep relative to the TEL will mintmize intimal and medial renal artery
mjury.

6. Imject an appropriate volume of the ablative agent which can be an ablative fluid,
such as ethanol (ethyl alcohol), distilled water, bypertonic saline, hypotonic
saline, phenol, glycerol, lidocaine, bupivacaine, tetracaine, benzocaine,
guancthidine, botulioum foxin, glycosides or other appropriate neurotoxic fluid.
This could include a combination of 2 or more neurcablative fluids or local
ancsthetic agends together or i sequence (local ancsthetic first to diminish
discomfort, followed by delivery of the ablative agent) and/or high temperature
fluids {or steam), or extremely cold {cryoablative) fluid into the vessel wall and/or
the volume just outside of the vessel. A typical injection would be 0.1-5 ml. This
should produce a multiplicity of ablation zones {one for cach injector
tube/necdies) that will intersect to form an ablative ring around the circuraference

of the target vessel. Contrast could be added to the mjection ctther during a test
o o o
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mjection before the neuroablative agent or during the therapeutic injection to

allow x-ray visualization of the ablation zone. With ethanol, as an ablative agent,

a volume of less than 0.5 ml is sufficient for this mfusicn as it will not only

completely fill the necded volume meluding the sympathetic nerves, but is small

enough that if accidentally discharged into the renal artery, would not harm the
patient’s kidneys. Ideally, a volame of 0.1 mi to 0.3 mi of ethanol should be used.

7. Imiect normal saline solution inte the PTAC sufficient to completely flush the
ablative agent out of the injection lumen(s) (dead space) of the PTAC mcluding
the mjector tubes with distal imjection needles. This prevents any of the ablative
agent from accidentally getting mto the renal artery durmg pull back of the
needles nto the PTAC. Such accidental discharge mto the renal artery could
cause damage to the kidneys. This step may be avoided if distilled water,
hypotonic or hypertonic saline is used as the ablative agent or the volume of
ablative agent is small enough that the potential for kidney damage by accidental
discharge into the renal artery 1s reduced.

8. Retract the PTAC mjector tubes/needles back mside the guide tubes. Then, retract
and re-sheath the guide tubes with ICM back under the sheath completely
swrrounding the sharpened needles. The entive PTAC can then be pulled back into
the guiding catheter.

9. In some cases, one could rotale the PTAC 30-90 degrees, or relocate the PTAC
0.2 to 4 cm distal or proximal to the first injection site and then repeat the
injection if needed to make a second ring of tissue damage to create even greater
denervation/ nerve ablation.

10. The same meothods as per prior steps can be repeated to ablate tissue in the contra-
lateral renal artery.

11. Remove the PTAC from the guiding catheter completely.

12. Remove all remaining apparatus from the body.

[0853] In both embodiments of the present application, as described in the
methods above, the means to limit needle penetration of the vessel wall is included in the
proximal portion of the PTAC. A handle or handlies are envisioned that would be used
by the operator to cause first the expansion of the guide twbes and second the
advancement of the injection needles. The reverse motion of these mechanisms would

then retract the needics back into the guide tubes and then retract the guide tubes back
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mto the catheter body or under a sheath. VFischell ef al in US patent applications
13/643.870, 13/643066 and 13/643,065 describes such control mechamsms for
advancing and retracting distal structures such as sheaths, guide tubes and injector tubes
with distal mjection needles. Interlocks and locking mechanisms fo prevent accidental
movement out of sequence of these mechanisms are also deseribed.

{0054] Similarly, Fischell ¢t al describes the proximal section with ports for
flushing and ablative fluid injection. The embodiments disclosed in the present
application would have strotlar structures and conirols in the proximal section. The mid-
section of the catheter would typically be three concentric tubes. In the mamually
expandable embodiment with tubular shafls, there is an outer tube that forms the main
body of the catheter. A middle tube controls the advancement and retraction of the guide
tubes and an inner tube controls the advancement and retraction of the injector tubes with
distal injection needies. The lumen of the inner tube is also the lumen that carries the
ablative fluid injected in the injection port in the proximal section of the PTAC to the
lomens of the injector tubes and injection needles and fnally out though the distal
opening at or near the distal ends of the injection needles.

[0855] Ancther tmportant feature of the presently disclosed PTAC is a design
that reduces the imternal vehume of the PTAC {the “dead space”) to minimize the amount
of saline needed to flush the ablative fluid out of the catheter into the desired volume of
tissue. It is anticipated that less than 0.5 mi of an ablative {luid such as ethanol wili be
needed to perform PVRD. The dead space should be less than 0.5 ml and ideaily less than
6.2 ml. With certain design features it is conceived that the dead space can be reduced to

g

less than 0.1 mi. Such features include using a small diameter <0.5 nun 1D hypotube for
the inner tube used for fluid injection for the PTAC, including a wire placed nto the full
length of the hypotube/inner tube o reduce the volume of the hypotube and thus reduce
the PTAC dead space and/or designing the proximal injection port and or injection
manifold at the proximal end of the PTAC to have low volume by having small <0.5 mum
imner diameter and a short, < 2 cm length.

{B056] It is an important feature of this invention that the guide tubes are
needle guiding elements for the advance-able, ultra-thin injection needles. Specifically,
prior art such as Jacobson that describes curved needles that are advanced outward from a

central catheter (o penetrate the mterior wall of a target vessel, have bare needies that are

advanced on their own from the distal end or the side of a catheter. Without additional
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guiding (support) during advancement, needles that are thn enough {o not cause blood
loss following withdrawal from the wall of the artery are generally too fhmsy to reHably
penctrate as desired into the vessel wall.  Thus it is envisioned that & key aspect of the
embodiments disclosed m the present application is the inchusion of needle guiding
elements such as guide tubes that allow the ultra-thin injection needles to be reliably
advanced mto the wall of a target vessel to the desired depth. Such guiding elements
need not be a tube or have a round cross-section, they could be a half or partial tube, they
can be a structure with a slot that provides a guide for the advance-able needles, and a
guiding structure could be any expandable structure such as a spring that expands
outward and provides radial support and a guide for the needles. The terms “expand” and
“expands” are intended to refer to motion of a structure from a first position relatively
closer 1o a longitudinal axis of the catheter to at least a second position that is relatively
farther away from the longitudnal axis, whether the motion 18 by expansion, deflection,
pivoting, or other mechanism. It is desirable that the needle guiding clements expand
outward from the central catheter.

IR What i3 also unique about the embodiments disclosed in the present
application is the use of additional structures to provide radial and lateral support for the
needle guiding clements. This is important because one needs a uniform penctration and
angular spread of the multiple needles. o addition, as the necdles arc advanced, and
guided by a “guiding clement,” (e.g., the guide tube) the guiding clement can, if
uasupported, back away from the desired position against the interior wall of the vessel.
For this reason, the present disclosure teaches the design of structures that provide radial
{(“backup’ support for the needle guiding elements that provide resistance to the guiding
clements backing away from the interior surface as the needles are advanced into the wall
of the vessel.

{6058] Ancther cmbodiment of the present disclosure simplifies the
construction by combining the guide tube and mjector tube into a single injector tube.
This also reduces the steps of operation. Specifically, the injector needie is permanently
atiached inside the injector tube which is advanced and retracted through the tubular
shaft. The distal end of the injector tube is of larger diameter than the injector needle and
provides the “stop” that limits the penetration of the injector needle into the wall of the

target vessel.
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{03591 Yot another embodiment of the present disclosure uses an inflatable
balloon to expand the guide tubes through which the injector tubes with distal needles are
advanced into the wall of the target vessel. The balloon may be compliant, semu-
cormphiant or non-compliant. However, an eclastic comphiant balloon is preferred as #
would allow the diameter of the outer edges of the expanded guide tubes to be casily set
by using different mflation pressures for the balloon. Attaching the guide tubes to the
outside of the balloon simplifies construction as compared with atierapting to place guide
tubes within the balloon and also allows the distal end of the guide tubes to be the points
of engagement with the interior wall of the target vessel so that the external surface of the
balloon does not touch the wall. Having the balloon fouch the wall can remove the
endothelial cells and produce neomtimal hyperplasia which is undesirable. The balloon
expandable emabodiment may have the guide tubes and injector tubes combined where the
balloon expansion causes the needles to expand outward to penetrate the wall. The
balloon expandable embodiments may also use an optional sheath to enclose the
expandable distal portion to facilitate delivery and reduce the chance of uneedlestick
injuries during handling, insertion and removal of the catheter. Having the guide tubes or
injector wbes attached to the outside of an expandable clastic balloon will also provide
racdial and lateral stability for the thin needles 1o cosure both uniform expansicn aund
backup as the needles are advanced through the wall of the target vessel,

{06060] Ancther feature of the embodimenis of the present application is to
have the injection port for injecting the ablative fluid would be a non-standard fitting with
a small diameter lumen. In addition, the present application envisions matching syringes
that would have the mate for the non-standard fitting of the injection port. Such a syringe
could contain the appropriate volume for imjection of {luids into the wall of the target
vessel inchuding ablative fluids or a saline solution used to {lush the injector tubes prior to
imsertion of the PTAC into the vessel o be treated.

{00611 Another featire of the PTAC disclosed in the present application is
that the flow though the multiple needles should be matched to provide a uniform
circurnferential delivery of the ablative fluid from each of the needle tips.

{00621 Another feature of the PTAC disclosed in the present application gives
the user the ability to lock down the longitudmal motion of the catheter once the distal

portion is at the desired site in the renal artery. There ave several ways of doing this that
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can be accomplished using a number of specific features of the PTAC as described
herein. These design features include:
1. Tightening the Tuohy-Borst valve at the proximal end of the renal guiding
catheter to disallow longitudinal motion of the PTAC.
2. Addmng an adhesive pad or Velero to firmly attach a proximal portion of the

PTAC to the skin of the patient or to the proximal end of the guiding catheter.

3. Mechanisms in the proximal section or handle of the PTAC that lock the PTAC
longitadinal motion with respect to the guiding catheter. These can jnclude:

a. A chip that slides coaxially over the outer surface of the PTAC which can
be advanced distally until it clips onto the outside of proximal end of the
guiding catheter. When clipped onto the guiding catheter, the clip would
create a frictional tock with the shaft of the PTAC.

b. A locking tube that runs distally into the proximal portion of the guiding
catheter where the proximal end of the locking tube attaches to the
mechanisms in the proximal portion/bandle of the PTAC that actuate the
guide tubes and/or the injector tubes. Longitudmal or rotational motion of
the locking tube will cause the Tocking tubes distal section to engage the
proximal portion of the guiding catheter to prevent longitudinal motion of
the PTALC. For example, the tube diameter could get bigger to cause it to
have a frictional lock with either the Tuohy-Borst at the proximal end of
the guiding catheter or the intertor surface of the guiding catheter itself.

{0631 Thus a feature of the presently disclosed PTAC is to have a
percutaneously delivered catheter with expandable supported needle guiding clements
through which mjection needles are advanced for injection of an ablative flumid wto or
beyond the cuter layers of the renal artery whose design will reduce or prevent the rigk of
injury to the intimal and media layers of the renal artery.

{06064] Ancther aspect of the present application is to have a PTAC design
with manually expandable guide tubes/needie guiding clements which are advanced
outward from the body of the PTAC, the PTAC having support stractures that support the
guide tubes/needle guiding clements radially against the interior wall of the target vessel.

{B065] Another aspect of the present disclosure is to have a PTAC design with
manually expandable guide tubes/meedle guiding elements which are advanced outwardly

from tubular shafts with distal openings in the distal portion of the body of the PTAC, the
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tubular shafls and opemngs providing lateral support for the guide tubes/needle guiding
elements to ensure they expand uniformly and symmetrically in a circumferential/lateral
distribution.  For example, if three guide tubes/meedle guidmg elements are used, the
lateral support will help to ensure that a ~120 degree angle is maintained between
adjacent guide tubes/ necdle guiding clements, as the guide tubes/necdle guding elements
expand outwardly.

{0066] Another aspect of an embodiment of the PTAC disclosed in the present
application is fo have an infraluminal centering mechanism (FCM) attached 1o the guide
tubes/needle guiding elements that provides additional radial support or backup to

prevent the guide tubes/needic guiding clements from being pushed away from the
imterior wall of the target vessel as the injector tubes with distal injection needles are
advanced through the guide tubes/needle guiding clements into the peri-vascular space.

[0667] Ancther aspect of the PTAC of the present disclosure is to have an
imtraluminal centering mechanism {(JCM) attached io the guide tubes/needle guiding
clemenis that provides additional lateral support to enhance the uniformity of guide tube
CXpansion.

{6068] Still another aspect of the PTACU of the present application is o have
an mtraluminaf centering mechanism that reduces the potential trauma to the interior wall
of the target vessel from the gunde tubes that guide the penetration of the injector needles
for tissue ablation.

{3069] Stilt another aspect of the present disclosure is to have a two step
injection method for renal denervation where the catheter is filled with normal saline
betfore insertion into the body; then afler needle deployment a first injection of ablative
fhad {for example ethanol) is done, followed by a second step to flush all the ablative
fhad out of the catheter dead space using normal saline or a similar {luid that is non-toxic
to the kidneys. The PTAC is then closed and the same two injoction steps are used for the
other renal artery.

{06704 Still another aspect of the present apphication is to have a one step
injection methed for renal denervation of each artery, where the catheter is filled with the
ablative {hud before msertion mto the body; then after needle deployment a single
ijection of ablative fluid (for example cthanol) is done. The PTAC is then closed and the

same single injection step is used for the other renal artery.
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{8671 Still another aspect of the present disclosure 13 to have at least three
guide tubes/meedle guiding elements in the PTAC each having a radiopaque marker. The
guide tubes/needle guiding elements being manually expandable outward from within a
set of tubular shafts which provide additional support and backup to stabilize cach guide
tube/needle guiding clement agatonst the interior wall of the target vessel. Hxpansion of
the guide tubes/needle guiding eloments is accomplished by manipulation of a mechanism
in the proximal portion of the PTAC,

{06721 Still another aspect of the invention is to have curved expandable
injector tubes with injection needles that are abic to be coaxially advanced through guide
tubes. A distal portion of the injector tubes having a vadius of curvature that is shoilar to
that of the guide tubes.

16073 Yet another aspect of an embodiment of the present application is to
combine the guide tube and injector tube nto an injector tube with thickened proximal
portion that acts as the penetration limiter and can be manufactured to set a specific depth
of injection,

{00741 Yet another aspect of the PTAC of the present disclosure is to use an
expandable balloon to provide radial expansion and support for the guide tubes/needle
guiding clements and/or injector tubes with distal injection needles.

{00751 Yet another aspect of the PTAC of the present application is to have
the flow resistance of cach of the nultiplicity of needles be approximately the same.

[0875] Yet another aspect of the PTAC of the present disclosure is to include
one or more of the following radiopague markers to assist in positioning, opening, closing
and using the PTAC. These inchide the following:

= A radiopaque ring marking the distal end of the sheath;

s Radiopague markers at, or very close to the ends of the guide tubes using either
metal bands or plastic with a radiopague filler such as barium or tungsten;

e Radiopaque markers on the distal portion of the injection needles;

= Radiopaque wires inside the lumen of the injector tubes and/or injection needles;

s The distal fixed guide wire of the PTAC being radiopaque (e.g., using platinum
wire);

e Radiopaque markers on the intralominal centering mechanism (ICM).
{0077] Throughout this specification the terros ingector tube with distal

mjection needle 15 used to spectly a tube with a sharpened distal end that penetrates into
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tissue and is used to inject a fluid into that tissue. Such a structure could also be called a
hypodermic needle, an injection needle or siroply a needle.  In addition, the terms
element and structure may be used mnterchangeably within the scope of this application.
The term Luer fitting may be used throughout this application to mean a tapered Luer
fitting without a screw cap or a Luer Lock fitting that has a screw cap.

{0781 These and other features and advantages of this invention will become
obvious to a person of ordinary skill in this art upon reading of the detailed description of

this invention including the associated drawings and the claims.

BRIEK DESCRIPTION OF THE DRAWINGS

[0879] FIG. 1 is a longitudinal cross-section of a distal portion of an
Intraluminal Nerve Ablation System (INAS) having a fixed guide wire at its distal end.

{480] FIG. 2 13 a schematic view of the distal portion of the PTAC in its open
position as it would be manually expanded for delivery of an ablative agent mto the perni-
vascular space.

{0081} FIG. 3 13 a longitudinal cross-section of a distal portion of the PTAC of
FIG. 2 in its open position as it would be configured for delivery of an ablative solution

mito the target vessel wall.

{0082] FIG. 4 is an conlargement of region 54 of the PTAC of FIG. 3.
{0083] FIG. 5 is an enlargement of region 85 of the PTAC of FIG. 3.

LIRSS FiG. 6 is a transverse cross-section at section 6-6 of the PTAC
longitudinal cross- section enfargement shown in FIG 5.

[0885] FIG. 7 i8 a transverse cross-section at section 7-7 of the PTAC
longitudinal cross-section enlargement shown in FIG 5.

{00861 FIG. 8 s a schematic view of the distal portion of the manually
expandable embodiment of the presently disclosed PTAC as it is advanced in ils pre-
deployment condition out of a guiding catheter into a renal artery.

{0887] FIG. 9 15 a schematic view of the distal portion of the manually
expandable embodiment of the PTAC following manual advancement of the guide tubes
against the interior wall of the renal artery.

[0088] FIG. 10 is a schematic view of the distal porticn of the manually

expandable embodiment of the PTAC following advanceraent of the injector tubes with
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distal injection needles out of the guide tabes to the desired depth of penetration beyond
the interior wall of the renal artery.

{30891 FiG. 11 is a schematic view of the handle that is situated at the
proximal region of the PTAC.

{6050] FiG. 12 is a cross-section of a distal section of an intraluminal
centering mechanism (ICM) which is an allernative embodiment showing a wire basket
with radiopaque markers that can be used to provide radial and lateral support for the
guide tubes through which injector tubes with distal needles are advanced against and
through the interior wall of a vessel such as the renal artery,

{06091] FiG. 13 4s an enlargement of the region S13 of the intraluminal
centering mechanism (ICM) of FIG. 12,

{00921 FIG. 14 i3 an enlargement of the region 814 as shown in FIG. 12.

{00931 FIG. 15 18 a longitudinal cross-section of a distal portion of an
aliernative embodiment where the guide tubes and injector tubes of the PTAC are
combined into a single injector tube assembly which is advanced fo penctrate the wall of
the target vessel.

{38941 FIG. 16 is a longitudinal cross-section of still another embodiment
which uses an nflatable balloon to move outward and provide vadial and lateral support
for the guide tubes as they engage the nterior wall of the target vessch.

[3395] FIG. 17 1s a schomatic view of the ceniral butiress component of the
PTAC of FIGS. 2 through 11.

[3896] FIG. 18 is a longitudinal cross-section of the ceniral portion of the
PTAC showing the muliiple sections of the inner, middle and outer tubes.

{0497} FIG. 19 is a schematic view showing the ortentation of the sharpened
njection needles as they would appear at the distal end of the PTAC.

{B498] FIG. 20 is a schematic view of a preferred shape of the sharpened
njection needles.

{3499] FIG. 21A is a schematic view of an aliemative embodimoent of the
PTAC which uses the proximal portion of the obturator as the support structure for the
guide tubes and shows the configuration of the PTAC after the guide tubes are advanced

but before the needies are advanced.
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{6108] FiG. 218 is a schematic view of an alternative embodiment of the
PTAC i which the proximal portion of the obturator provides additional support for the

guide tubes.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

R FI1G. 1 is a longitudinal cross-section of the expanded distal portion of
the mvention by Fischell as described in US Patent Applcation Ne. 13/643,070 filed on
October 23, 2012. This Intra-vascular Nerve Abilation Systermn (INAS) 50 has a fixed
guide wire 20 with tip 28 at #ts distal end. FIG. 1 shows the INAS 10 o its fully open
position with the seif-expanding guide tubes 15 with coaxial imjector tubes 16 with
sharpened distal injoction needies 19 and needie distal opening 17 which is the injection
egress depioyed outward beyond the distal end 29 of the guide tubes 15, it should be
understood that this embodiment of the INAS 50 has four mjector tubes 16 protruding
through four guide tubes 15, The guide tubes 15 are the needle guiding clements that
help support the thin and flexible injector tubes 16 with distal injection needles 19 as they
are advanced into the wall of a target vessel,

[8162] In this configuration, the sheath 22 has been pulled back 1o allow the
guide tubes 15 with radiopague marker bands 27 1o expand cotwardly. If the elements 15
and 16 are not fabricated from a radiopague metal, it is envisioned that the distal portion
of the injector tube(s) 16 and guide tube(s) 13 would be marked with a radiopague
material such as gold or tantahum, or a piece of radiopague material may be used to form
or be located within the injector tubes 16 or the sharpened needles 19 to provide better
visualization of the deployment of the INAS 50 using standard fuoroscopy. FIG. § shows
a radiopaque wire 1§ placed within the injector tube 16 to allow fluoroscopy to be used
by the operator to clearly identify the position of the injector tubes 16 with distal injection
needles 19, 1t is particularly important for the operator to know the location of the
mjection needles 19 afier they have been advanced through the wall of the vessel. The
material for the radiopaque wire 18 can be selected from well-known radiopague metals
such as platimum, tantalum or gold or an alloy of that type of metal.

i163] The diameter L1 denotes the memory counfiguration for the fully
opencd guide tubes 15, For use 1 the renal arteries, L1 would typically be between 3 and
Hmm with 8mm being a best confliguration if only ove size is made as very few renal

arteries have a diameter that is larger than 7 mm.  Also shown in FIG. | are the distal



WO 2014/070558 PCT/US2013/066445

ends 29 of the guide tubes 15 that in the fully open configuration have thewr planes
situated paralle! to the longitudinal axis of the INAS 50. The distal portion of the INAS
50 has the tapered section 26, radiopagque marker band 24 and proximal portion 23. This
tapered unit ncluding elements 23, 24 and 26 is called an obturator 30. The obturator 30
18 {ixedly attached to the core wire 11 and the outer layer 25 of the guide wire 2{. Other
mmportant features of this design are the radiopague marker 13 located at the distal end of
the sheath 22 that in combination with the radiopague marker band 24 on the obturator
30, provide indication of the relative position of the distal end of the sheath 22 and the
obturator 30. When the radiopague marker 13 located at the distal end of the sheath 22 is
m close proximity to the radiopague marker band 24 of the obturator 30, the operator
knows that the guide tubes 15 containing the injector tubes 16 are fully enclosed. When
the radiopaque marker 13 of the sheath 22 are fully separated, the operator knows that at
Teast the guide tubes 15 are cach deployed outward to have their distal ends 29 placed i
contact the mterior surface of the vessel. Also disclosed in the Fischell design s that the
natural preformed radius of curvature of the fnjector tubes 16 should correspond to that of
the guide tubes 15 so that the guide tubes 15 will maintain thewr position against the
interior wall of the target vessel as the injector tubes 16 with distal injection necdles 19
are advanced coaxially therethrough to penetrate the wall of the target vessel. As
previously discussed, the himitation of this design is that the relability and stability of
unsupported sclf-expanding needle guiding element structures such as the guide tubes 15
that might not automatically be centered in the target vessel. o addition the guide tubes
15 without any additional radial support can back away from the interior wall of the
target vessel during advancement of injector tubes 16,

{0104 FIG. 2 is a schematic view of the distal portion of a PTAC 100 in s
open position, showing an outer tube 102, outer tube cxtension 104 having distal
openings 131 through which the guide tubes 115 with radiopaque markers 122 are
advanced outward from the body of the PTAC 100, Also shown is the tapered section
106 and fixed guide wire 110 with distal tip 109. The injector twbes 116 with distal
injection needles 119 and needle distal openings117 are shown in their fully deployed
positions, The openings 131 support the sides of the guide tubes 115 as the guide tubes
115 are advanced outward befure the advancement of the injector tubes 16 with distal
injector needles 119. The PTAC 14 of FIG. 2 has three guide tubes with the third tube

hidden behind the catheter and not visible in this schematic view, Although the PTAC
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100 of FIG. 2 has three guide tubes 115, 1t 1s envistoned that other embodiments could
have as few as onc or as many as eight guide tubes with an optimum nurmber being three
ot four. A larger diameter target vessel might suggest the use of as many as 4 to 8 guide
tubes 115 and injector tubes 116.

H0165] Different shapes arc envisioned for the distal openings {or windows)
131 in the outer tube extension 104 where the guide tubes 115 exit. These possible shapes
include a racetrack design with curved {e.g, round) proximal and distal ends and straight
sides in the axial direction, and oval or round shapes. It 18 also envisioned that there
could be a movable flap covering the opening 131 or a slit that could be opened to make
the outer surface of the PTAC smooth for better delivery into the renal artery.

{0106] It is an important feature of this invention that the guide tubes 115 are
needle guiding clements for the ulra-thin injection necedlesi19. Specifically, prior art
such as Jacobson that describe curved needles that are advanced ocutward from a central
catheter to penetrate the wall of a target vessel, have needles that are advanced (naked) on
their own from the distal end or side of a catheter. Without additional guiding and
backup support during advancement, needles that are thin cnough to essentially ehiminate
the risk of biceding foliowing penetration and withdrawal from the wall of the artery are
generally too flimsy to reliably pencirate as desired into the vessel wall.  Thus it is
envisioned that a key aspect of the PTAC 100 of the present application is the inclusion
of necdle guiding elements such as the guide tubes 115 that allow the ultra-thin injection
needles 119 to be reliably advanced into the wall of a target vessel to the desired depth.

{01671 FIG. 3 18 a longitudinal cross-section of a distal portion of the PTAC
100 as shown in FIG. 2. The proximal end of FIG. 3 shows the three concentric tubes,
the cuter tube 102, middle tube 103 and inner tube 1035 which form the central portion
and most of the length of the PTAC 100. The cuter tabe 102 is attached to the outer tube
extension 104 which is in tarn attached to the tapered section 106. The fixed guide wire
110 with core wire 111 and outer layer 113 extends distally from the distal end of the
tapered section 106. It should be noted that only part of the length of the guide wire 110
is shown i FIQ. 3, its {uoll length is shown in FIG. 2. Enlargements of the sections 54
and 85 of FIG. 3 are shown in FIGS. 4 and § respectively.

[0108] FIG. 3 shows the guide tube 115 with radiopague marker 122 i its
fully advanced position placed through the opening 131 in the outer tube extension 104,

The mterior surface of the outer tube extension 104 forms part of the tubular shaft 120
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should be made from a stff material such as a metal or high durometer plastic so that it
will be relative rigid as the guide tubes 115 are advanced and retracted.

{0109] & preferved embodiment of the PTAC 106 of the present application
uses four different tubular structures mstead of just an outer tube 102 and outer twbe
extension 104. Specifically, the proximal section would be a metal hypotube 82 shown in
FIG. 11, The metal hypotube 82 would connect at its distal end to a relatively stiff plastic
tube 92 (see Fig. 18} about 20 cm long that would in turn connect to a softer more flexible
plastic tube about 10 cm long which would be the tube 102 shown in FIGs. 2-7. The
plastic tubes 92 and 102 would typically have the same interior and outside diameters.
The outer tube extension 104 which is the distal end section of the catheter body typically
has a slightly larger inside diameter than the soft outer tube 102, The manifold 125 that
connects the inner tube 105 to the mjector tubes 116 is coaxially within the plastic tubes
02 and 102 and at least several contimeters proximal to the outer tube extension 104
which is the distal end section of the catheter body of the PTAC 100,

{0116 In a preferred embodiment, the middie tube 103 attaches to, a proximal
metal hypotube and the inner tube 105 would also attach to proximal portion formed from
a metal hypotube. The structure of these tubes is shown in FIG. 18,

ip114] An important aspect of the presently disclosed PTAC 100 45 to
minimize the internal volume or “dead space™ for the injection path. This reduces the
needed amount of flaid that would be injecied into the peri-vascular space before the
ablative fluid is injected. In one version of the directions for use, the internal vohume
would first be flushed and filled with normal saline outside of the body before the PTAC
100 is inserted into the body. Ideally the dead space should be less than 0.3 ml and if
possible, close to 0.1ml Any vohumme less than (1.5 ml would be helpful to minimize the
amount of flashing fhuid injected into the peri-vascular space prior to the injection of the
ablative floid.

{01124 The central buttress 121 shown m FIG. 3, supports the guide tube 115
both as it is pushed distally and after it is fully deployed. This central butiress 121 is 2

wehanical support structure that provides primarily radial support for the advanced
guide tubes 115 that prevents the guide tubes 113 from backing away from the interior
wall of the target vessel as the injector tubes 116 are advanced through the guide tubes
115 forward to their destred position 2-4 mm beyond the interior wall of the target vessel.

In exceptional cases, the injection needles 119 at the distal ends of the injector tubes 116
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might be advanced as deep as § mm beyond the interior wall of the target vessel. Lateral
support for the guide tubes 1135 1s promanily provided by the sides of the openings 131 that
m combination with the central buttress 121 are key to the radial and
circumferential/lateral support both during guide tube 115 advancement and outward
expansions, and as backup during debivery of the injection needles 119 through the
mierior wall of the target vessel. The buttress 121 may comprise a deflection surface
such as a curved or hnear ramp, which may in a curved embodiment correspond to the
radius of curvature of the distal surface of the guide tibe 115, The curved ramp
embodiment of the central buttress 121 and the tubular shafi 120 also provide lateral
gupport that facilitates outward expansion purely i the radial divection for the guide
tubes. Although the buttress 121 provides both radial and lateral support for the guide
tubes 115, other embodiments as described herein may provide only radial support or
only lateral support. Radial support for the guide tubes 115 is defined herein as being
support for the guide tubes 115 in a divection that i3 perpendicular to the longitudinal axis
of the PTAC 100. Lateral support for the guide tubes 115 15 defined herein as being
support for the guide tubes 115 m a circumferential direction that is perpendicular to the
radial direction.

{6113] It is also an important feature that the radivs of curvature of the distal
portion of the injector tubes 116 have a central axis with the same, or nearly the same,
radius of curvature as the contral axis of the guide tubes 115 and of the central axis of the
distal portion of the tubular shaft 120 that is formed within the central butiress 121 when
measured in an unconstrained state. In addition, the length of the guide tubes 115 should
be at least as long as the distal curved portion of the injector tubes 116 with distal ncedles
119, This design constrains the curved portion of each injector tube 116 within the
lomen of the guide tube 115 so that the injector tube 116 cannot twist or change position.

{0114 The distal portion of the central buttress 121 is shown in greater detail
in FIG. 17,

{B115] As seen in FIG. 3 the toner tabe 105 with {luid injection lomen 133
connects through the manifold 123 to the three njector tubes 116, thus the lumens of the
injector tubes 116 are i fluid commumication with the tumen 133. The inner tube 105
and manifold 125 can slide along the longitadinal axis of the PTAC 100 inside of the
middle tube 103 which is shown with wniform diameter over #s length mcloding the

portion coaxiaily cutside of the manifold 125,
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{0116} It is clear from the drawing of FIG. 3 that the manifold 125 1s located
within the tumnen of the inner tube 105 in a portion of the tibe 1035 that is proxamal to the
distal end of the wbe 105, The inner tube 105 and manifold 125 are both located
coaxially within the outer tube 102 of the PTAC 100 at 2 posifion proximal to the outer
tube extension 104 which is the distal end section of the outer body of the PTAC 100,

This differs significantly from the embodiment shown in FIG. 3 of the Jacobson patent
$,302.870 where the mamiold that connects the tube to the needles 1s attached to the
distal end of the tube (instead of being mside it and proximal to the distal end). In
addition the Jacobson manifold hics coaxially within the distal end section of the outer
body of the catheter (instead of being in the tube that is proximal to the distal end section
of the catheter). The distal end scction being defined as that distal portion of the catheter
from which the needles emerge to curve outward into the wall of a vessel.

[0117] An important feature of the PTAC 100 can be that the flow rate
through the needle distal opening 117 for each needle 119 of the PTAC 100 of FiGs. 2
through 4 is approximately the same. This can most casily be accomplished by pre-
testing cach injector tube 116 with injection needie 119 and measuring the flow rate, and
thus the flow resistance under a given pressure.  Injector tubes 116 would be sorted
according to resuits of the testing and the injector tubes sclected for cach PTAC 106
would be so maiched in order to have approximately the same flow resistance.

{0118] FIG. 4 i3 the enlargement of section S4 of the longitudinal cross-
section of the PTAC 100 as shown in FIG. 3. FIG. 4 shows the details of the goide tubes

1
12

115 with interior layer 123, cuter layer 127, distal end 129 and radiopague marker 122.

Coaxially within the lomen of the guide tube 115 s the injector tube 116 with distal

g
i

imjection needle 119, distal opening 117 and radiopague marker wire 118 The
radiopague marker wire 118 serves two purposes, first it provides fluoroscopic visibility
of the injector tubes as they are advanced to their position for delivery of the ablative

fhad mto the peri-vascular space into and deep to the adventitia of the target vessel

Second - the marker wire 118 reduces the internal volume of the injector tube 116, and
thus reduces the amount of saline required to flush all of the ablative fluid out of the
PTAC 100 inlo the peri-vascular space leaving only harmless saline i the PTAC 100 as
it is retracted back into the renal artery. Radiopacity of the injector tubes 116 with distal
needles 119 is very important so that the operator can confirm under fluoroscopy that the

needles 119 have properly deploved into the wall of the target vessell  Other
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embodiments of the present disclosure may use coatings, plating or markers on the
outside and/or inside of the mnjector tube 116 and needle 119 or the mjector tube 116 with
distal needle 119 could be made from a two layer clad material. For example, nitinol
tubing clad over a platmum inner tube and then shape set would be ideal as #t would be
guite visible and ehimunate the need for the added marker wire 118 shown in FIGS. 3 and
4,

{0119) The guide tubes 115 are advanced and retracted through the toubular
shaft 120 with distal opening 131, The three guide tubes 115 are attached to cach other
near their proximal ends by the guide tube connector 132, FIG. 4 also clearly shows how
the guide tube 1135, when advaunced against the central buttress 121 is forced outward and
is supported by the curved rarap 144 of the central butiress 121 as well as the sides of the
opening 131 of the tubular shall 120. The central butiress 121 also bas proximal fingers
142 that provide additional lateral support for the guide tubes 115,

{0126 The outer wbe extension 104 connects at its distaf end to the tapered
section 106 which in turn Hes coaxially around the guide wire 110 with core wire 111 and
outer layer 113,

i0128] Also shown in FIG. 4 is the penctration depth L2 which is the distance
from the distal end 129 of the guide twbe 115 to the center of the distal opening 117
located at the distal end of the injection needle 119, Mechanisms at the proximal end of
the PTAC 106 (as shown in FIG. 11} control both the motion of the distal components
such as the injector tubes 116 and guide tubes 115 as well as to Himit and/or adjust the
penetration depth L2 of the needles 118

{0122] It is envisioned that the central buttress 121 and distal openings 131
can, as shown in FIG. 4, be separate components of the PTAC 100 or they can be {formed
as a single molded or machined part as is shown in FIG. 17. The distal tip 145 of the
central buttress 121 provides the attachment to secore the buttress 121 to the tapered
section 106,  Additionally, 121,131, and 106 could be a single component molded or
machined.

{01231 While the preferred embodiment of the PTAC 100 has the guide tubes
115 with a pre-formed curved shape, flexible naturally straight guide tubes are also

;

envisioned where the buttress 121 forces the straight guide tubes to curve outward against

the mterior wall of the target vessel.
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{3124] While the term “central buttress” will be used herein, the key
component of the buttress 121 is the ramp 144 that provides radial and some lateral
support for the deployed gude tubes 115, Specifically, the curved ramp 144 of the
buttress 121 supports and guides the outward motion of the guide tubes 1135 as they exit
though the distal openings 131 and also provide radial support for the guide tubes 115
and ijection tubes, as they engage the interior wall of the target vessel.  Additional
lateral support s provided by the fingers 142 of the central butiress 121,

i3 25] The shape of the tamp 144 or the butivess 121 may include proximal
extensions or fingers that create a smooth curved or inchined surface to steer the guide
tubes 115 outward as the guide tubes 115 are advanced distally through the opening 13 1.

[0126] While the central butiress shown in FIG. 4 is a plastic part, a
radiopague moetal part, such as stainless steel, or a plastic materiai that includes a
radiopague filler such as tungsten could be advantageously employed for showing the
exact location where the guide tubes 115 will exit the PTAC 100, It is also envisioned
that a radiopaque marker could be placed or attached {o a portion of the openings 131 or
butiress 121 or outer tube extension 104 to show the hkely spot where the guide tubes
115 and thus the injection needies 119 would engage the interior wall of the target vessel.

{0127} Many of the components of the PTAC 100 are typically made from
plastic materials such as polyamide, polyurethane, nylon or tecothane. These include the
outer tube 102, middle tube 103 and inner tube 105, the outer tube extension 104, inner
layer 127 and outer layer 123 of the guide tubes 115, the tapered section 106, the buttress
121, the guide tube connector 132 and the manifold 125, The manifold 125 can be a
molded part or be epoxy or another resin that is ijected to glue the injector tubes together
within the fumen of the inner tube 105.

{81381 It 15 also envisioned that any or all of the mner tube 105, middle tube
103 or outer tube 102 could also be a metal hypotube or a metal reinforced plastic tube.

129 The injector tubes 116 would typically be made of a springy or shape

memory metal such as nitinol.  The radiopaque wire 118 and guide tube radiopaque
marker 122 would be made of a radiopaque material such as gold, platinum or tantalum or

5

an alloy of these or similar metals. The core wire 111 would typically be stainless steel

and the outer layer 113 would be wrapped platinum or platinum ividiom wire. The outer
layer could also be a polymeric material.  Any or certain portions of the outside of the

PTAC 100 could be lubricity coated to provide improved performance. The injector
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tubes 116 and injection needies 119 should be smaller than 0.5 mm in diameter and
preferably less than 0.3 mm i diameter (o avoid any blood loss or leakage as the needles
penctrate into the wall of the target vessel and are then removed.

{6138 FIG. 5 is the cnlargement of section S5 of FIG. 3 showing the
transition from the central portion to the distal portion of the PTAC 100 including the
outer tube 102, middle tube 103 and iouner tube 105 with injection lumen 133, Also
shown is the counection between the outer tube 102 and the outer tube extension 104,
position distal o the proximal end of the manifold 125, it may be preferable for
manufacturing the PTAC 100 with the proximal end of the injector tubes 116 located at or
proximal to the proximal end of the manifeld 125,

{0131} The guide tube connector 132 connects the three guide tubes 115 to the
middle tube 163 that provides the impetus for advancement and retraction of the three
guide tubes 115, The motion of the middic tube 113 is produced by the motion of control
mechanisms at the proximal end of the PTAC 100. The manifold 125 lies inside of the
distal portion of the inner tube 165 and connects together the three injector tubes 116 so
that advancement and retraction of the inner tube 105 provides simultaneous
advancement and retraction of the injector tubes 116, Also shown in FIG, 5§ are the
flushing spaces between the several tubes. Specifically shown is the outer annular space
137 between the middie tube 103 and the outer tube 102 and the inner annular space 139

ctween the inner tube 105 and the middle tube 103. Each of these spaces 137 and 139
are to be flushed through with normal saline solution prior to insertion of the PTAC 106
into the patient’s body.

161321 It is also vistble in FIG. 5 how the proximal end of the injector tube
116 1s in fluid communication with the injection fumen 133 of the inmer tube 105, The
radiopague wire 118 which lies within the humen of the imjector tube 116 extends
proximally from the proximal end of the injector tube 116 and s connected mto the body
of the manifold 125. It s also envisioned thal instead of connecting into the body of the
manifold 125, the three radiopague wires could be welded together and/or attached to the
proximal end of the manifold 125, Longitudinal motion of the tmmer tube 105 within the
uniform diameter middie tube 103 causes the mamifold 125 and attached injector tubes
116 to also move longitudinally. This longitudinal motion caused by control mechanisms

near the proxamal end of the PTAC 100 will advance and retract the injector tubes 116
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through the tumens of the guide tubes 115 to expand outwardly to penetrate the wall of
the target vessel to facihitate delivery of the ablative fluid.

{8133] FIG. 5 also shows how the three injector tubes 116 extend from the
distal end of the mner tube 105 and manifold 125 and then enter the lumen of the inner
layer 127 of the guide tube 115 at the proximal end of the guide tube 115, The guide
tubes 115 and guide tube connector 132 are attached coaxially within the distal section of
the middle tbe 103, Thus longitudinal motion of the middle tube 103 will cause
longitudinal motion of the guide tube connector 132 and guide tubes 115 thus allowing
the mechanisra at the proximal section of the PTAC 100 to advance and retract the guide
tubes 115 with respect to the outer tube 102 and outer tube extension 104,

{0134] It is also covisioned that the penetration depth Hmitation could be a
mechanism that limits the forward motion of the distal end of the inner tube 105 with
respect to the guide tube connector 132, A ring or other structure situated between the
distal end of the inner tube 105 or manifold 125 and the proximal end of the guide tube
connector 132 would limit the forward (distal) motion of the distal end of the inner tube
105 and thus Hmit penetration of the needles 119 beyond the distal ends 129 of the guide
tubes 115, Such a structure could be unattached, or attached to an internal structure of the
PTAC 100 shown in FIG. 5 such as the inner tube 105, manifold 125, injector tubes 1186,
guide tube connector 132, proximal ends of the guide tubes or the middle tube 103, Such
a structure could also have a length adjustment such as screw threads that would allow it
to be used to adjust the penetration depth of the needles 119 beyond the distal ends 129 of
the guide tubes 115,

10135] FIG. 6 is a trangverse crogs-section at section 6-6 of the PTAC 100 as
shown in FIG. 5. FIG. 6 shows the coaxial components of the main body of the PTAC
180 inchuding the outer tube 102, the middle tube 103 the mner tube 105, the annular
space 137 between the outer tube 102 and the middle tube 103 and the annular space 139
between the middle tube 103 and the nner tube 105, It also shows how the manifold 125
connects together the three injector tubes 116 with radiopaque wires 113 inside of the
inner tube 105,

{81361 FYG. 7 is a transverse cross-section at section 7-7 of the PTAC 100 ag
shown in FIG. 5. FIG. 7 shows the coaxial ortentation of outer tube 102 which commects
distally to the outer tube extension 104 which lies outside of the middle tube 163, The

guide tube connector 132 connects the three guide tubes 115 with inner plastic layer 127



WO 2014/070558 PCT/US2013/066445

that s situated inside of the guide tube comnector 132 that is itself situated inside the
middle tube 103, This construction allows the longitadinal motion of the middle tibe 103
to cause similar motion in the connected guide tube connector 132 and guide tubes 115,

{61371 FiGS. 8-11 are a set of schematic views that iHlustrate how the PTAC
100 is used for peri-vascular renal denervation. FIG. § shows a scheroatic view of a distal
portion of the PTAC 100 in its pre-deplovment configuration with outer tube 102, outer
tube extension 104, tapered section 106 and distal fixed guide wire 110 with distal end
109, Two of the three distal openings 131 are also shown on the surface of the outer tube
extension 104, In FIG. §, the distal portion of the PTAC 100 has been pushed out of the
distal end of the renal guiding catheter 140 1o a position within the renal artery. Also
shown are the Internal Elastic Lamina (FEL), media, External Elastic Lamina (EEL} and
the adventitia of the renal artery and aorta.

{0138] FiG. 9 shows a schematic view of a distal porton of the PTAC 100
within a repnal artery with the guide tubes 1135 fully expanded ouwtwardly against the
interior wall of the artery. The renal artery and aorta are shown in cross-section so the
lower guide tube 115 is actually touching a portion of the interior wall of the renal artery
that is not shown because of the cross-section which splits the renal artery at 0 and 180
degrees. The third guide tube 115 is not seen as if is hidden behind the PTAC 100 but it
too touches the interior surface of the renal artery wall. The radiopaque markers 122 on
the guide tubes 115 allow the operator to visualize that the fully expanded guide tubes
115 are actually in contact with the tnterior wall of the renal artery. Of significance is that
the cmergence of the guide tubes 115 from the openings 131 in the outer tube extension
104 provides lateral support for the guide tubes 115 as they deploy outward. Radial
support is provided by the central buttress 121 shown in FIG. 4. Together the radial and
lateral support for the guide tubes are extremely mportant in having the guide tubes
expand uniformiy resulting in a well centered distal portion of the PTAC 100 that is ready
for depioyment of the injection needles 119 seen in FIG. 10

10139] FIG. 10 shows a schematic view of a distal portion of the PTAC 100
within a renal artery with the injector tubes 116 with distal injection needies 119 fully
deployed to deliver an ablative {huid into the pert-vascular space within and/or deep into
the adventitia of the renal artery. Ideally — the needle distal openings 117 at or near the
distal end of the injection needles 119 should be positioned beyond the EEL and toward

the cutside of the adventitia as shown for the upper needle 119 in FIG. 10. The third

-40-



WO 2014/070558 PCT/US2013/066445

needle 119 and guide tube 115 are hidden behind the body of the PTAC 100 so they do
not appear m FIG. 10. The symopathetic nerves which are the target for renal denervation
He within the adventiia or within several mulhimeters outside of the adventitia.
Specifically a distance of 2-4mm beyond the 1EL s the appropriate position for the
needle distal opening 117, I the sympathetic nerves are deeper, it is also envisioned that
depths of 4 to § mm could be used.

{01401 FIG. 11 is a schematic view of an embodiment of the proximal section

300 (or handle} of the PTAC 100 having control raechanisms for advancing and retracting

the needle guiding elements/guide tubes 115 and injector tubes 116 with distal needles
119 during the procedure to delivery an ablative fluid to the peri-vascular space. The
handle 300 also has locking mechanisms activated by first and second controls such as
press-able buttons 332 and 342, Specifically, bution 332 when depressed unlocks the
mofion of the guide tube control cybinder 333 with respect to the outer tube control
cyhinder 335, The outer tube control cylinder 335 is attached 1o the outer tube 102, The
transition section 338 provides strain relief to avoid kinks at the connection between the
outer tube control cylinder 335 and the outer tube 102, The guide tube control cylinder
333 is attached to the middle tube 103 of FIGS. 2-7 that in turn is connected to the guide
tubes 115 of FIGS. 2 through 10

{0144} The guide tube conirol mechanism 330 allows the user of the PTAC
100 to control the distal and proximal motion of the guide tubes 115 and includes the
button 332 and the guide tube control cylinder 333, The injection needle control
mechanism 340 alows the user of the PTAC 100 to control the distal and proximal
motion of the injector tubes 116 with distal injection needies 119 and includes the bution
342 and the needle control cylinder 345,

161421 The buiton 342 when depressed, unlocks the motion of the needie
control cyhinder 345 with respect to the guide tube control cyhinder 333, This will allow
the relative longitudinal motion of the imner tube 105 with respect to the nuddle tube 103
of FIGS. 3 through 7 which causes the advancement and retraction of the injector tubes
116 with distal injection needles 119 though the guide tubes 115,

{81431 The handle 300 shown in FIG. 11 has the flushing port 344, Port 344,
which would typically have a Luer fitting, 1s shown with 4 cap 346. Port 344 is used to
flush with saline the annular spaces 137 and 139 as shown in FIGS. § and 6. The

ijection port 354 which typically has an ablative fluid connector fitting i1s shown with
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cap 356. Port 354 allows mjection of the ablative thud mnto the lumen 133 of FIGS. 3 and
S which is in fluid communication with the lumens of the injector tubes 116 which are m
fluid communication with the needle distal openings 117,

{144 Although FIG. 11 shows one flushing port 344, it envisioned that two
ot more flushing ports could be used to flush the foternal spaces (other than the injection
lomen) within the PTAC 100, 1t is alse envisioned that a single button and cylinder
mechanism could replace the two buttons 332 and 342, If this is the case, then a
telescoping mechanism, internal to the proximal portion of the PTAC 100 would, upon
advancement of the single button, first advance the guide tubes 115 then advance the
injector tubes 116 with distal needles 119, Retraction of the single button would first
retract the needles 119 and then retract the guide tubes 1135,

{0145} While a standard Luer or Luer lock fiting could be used for the
ablative fluid connector ftting for the injection port 354, it is preferred feature of the
presently disclosed PTAC 100, that a non-standard fitting be used for injection of the
ablative fhuid.  Because of the ablative/toxic nature of the ablative fluid, having a non-
standard fitting for the port 354 would reduce the chance of accidentally injecting the
ablative fluid into one of the other ports {e.g., 344) or into the standard Luer fitting in the
“Y” adapter typically used with a renal guiding catheter. It would also prevent the
operator from the potential error of injecting {lushing solution or other agents contained
in a conventional Luer lock syringe, through the tumen of the imection tubes. It would
alse be an advantage for the non-standard fitting port 354 to have a smaller lumen than a
standard Luer fitting so as {o minimize the catheter dead space/internal volume.

{0146] A customn syringe with the non-standard fitting of the opposiie sex
designed to connect to the port 354 would be provided separately or within the PTAC 106
package. Such a syringe could contain exacily the correct volume for the appropriate
amount of ablative {luid to achieve renal denervation, for example 0.25 ml of ethanol.
Because the volume of tissue to be treated will vary with the diameter of the renal artery,
several syringes of vohimes ranging from .1 mi t¢ 8.5 ml may be provided, cach with a
non-standard connector {o comnect to the gection port 354, If saline flushing, or the
injection of other fluids {e.g., contrast or an ancsthetic) are part of the procedure,
additional syringes could be provided that contain the appropriate volume and type of
fhad for visualization, {lushing, renal dencrvation or for pain relief. It is envisioned that

the ablative solotion fluid injection syringe with a non-standard fitting would have ¢
the ablative solotion {luid injection syringe with a non-standard {itting would have a
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different color or marking as compared {0 the syringe for flushing through a port such as
the port 344,

{0147] The handle 300 also inchides a gap adjustment cylinder 348 that when
rotated n one direction reduces the penetration depth L2 shown in FIG. 4 which is the
distance the injection needles 119 extend beyound the distal ends 129 of the gmde tubes
115, Rotation in the other direction of the cylinder 348 will increase the penetration
depth L.2. It is envisioned that the gap adjustment cylinder 348 could be accessible to the
user of the PTAC 100 with markings on the handle 300 to indicate the distance that will
be achicved. To a preferred erobodiment of the handle 300, the gap adjustment cylinder
348 could be accessible only during assembly and testing of the PTAC 100 at the factory.
This fabrication method 1s designed fo ensure a properly calibrated penctration depth L2
of FIG. 4 that 15 preset in the factory during maonufacturing and testing of each PTAC
100, This ability 1o accurately set and calibrate the penctration depth L2 is critical 1o a
good yield during manufacturing.  In other words, even with variation of a few
mitimeters in the relative lengths of the components of the PTAC 100 such as the inner
tebe 105 and middle tbe 103, the distance L2 can be dialed n exactly using the gap
adjustment cylinder 348, Tu this preferred embodiment, the PTAC 100 would be labeled
according to the penetration depth L2 shown in FIG. 4. For example, the PTAC 100
miight be configured o have three different depths L2 of 2.5 nug, 3 v and 3.5 mm. it is
also envisioned that a set screw or other mechanism {(not shown) could be included to
lock the gap adjustment cylinder 348 at the desired penctration depth setting. While a
gap adjustment cylinder 348 is shown here, it is envisioned that other mechanisms such as
a sliding cylinder could also be used to adjust the depth L2,

{01438} The function of the handle 300 is to operate the PTAC 100 for Peri-
Vascular Renal Denervation (PVRD). This procedure would include the following steps
although not every step is essential and steps may be simaplified or modified as will be
appreciated by those of skill in this art;

1} Fhush all of the internal vohumes of the PTAC 100 with normal saline

through the ports 344 and 354,
2} Insert the PTAC 100 through a previously placed guiding catheter 140 of
FIGS. 8 through 10, positioning the distal portion of the PTAC 100 as

shown in FIG. 8 at the desired location in one patient’s renaf artery.
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Depress the button 332, and while holding the outer tube control cybinder
335 which is locked to the guide tube control cylinder 333, push the guide
tube control cylnder 335 in the distal divection until the notch 331 engages
the port 344 hmuting the advance of the middle tube 103 of FIG. § and
fully deploying the guide tubes 115 from mside the tubular shatls 120 and
out through the openings 131 as shown in FIG. 9.
Release the button 332 which refocks the relative motion of the outer tube
control cyhinder 335 with respect to the guide tube control cylinder 333.
Depress the button 342 that allows relative motion of the injection needle
control cyhinder 345 with respect to the guide tube control cylinder 333
and while holding the outer tube control eylinder 335 (which s now
locked to the guide tube control eyhinder 333) advance the needle control
cylinder 345 with distal end 349 until the penetration limiting mechanism
stops the motion and the preset depth L2 of the needles 119 with respect to
the distal ends 129 of the guide tubes 115, There are two ways this can be
done: 1} The distal end 349 of the needle control cylinder 345 s pushed
forward until it engages the guide tube flush port 344 or 2) the internal gap
347 1s closed against the proximal end of the gap adjustment cylinder 348
mside the needle control cylinder 345,
Release the button 342 which relocks the motion of the injection needle
control cvlinder 345 to the guide tube control eylinder 333, This places
the PTAC 100 m the configuration shown in FIG. 10 where the needies
119 penetrate through the nternal elastic lamuna (JEL) and penetrate to a
preset distance (typically between 0.5 to 4 rom but preferably about 2-4
) bevond the TEL mto the vessel wall of the renal artery. The depth of
2-3 vuo will minimize intimeal and medial renal artery injury. Depths as
high as & om may be needed for some unusual target vessels.
In this position a syringe or manifold with syringes (not shown) can be
attached to the port 354 and the desired volume of ablative floid is
njected. The ablative agent which can be an ablative fluid, such ag
cthanol {ethyl alcobol), distitled water, hypertonic saline, hypotonic saline,
phenol, glycerol, lidocatne, bupivacaine, tetracaine, benzocaine,

guanethidine, botulinum toxin, glycosides or other appropriate neurctoxic
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fuid. This could include a combination of 2 or more neurcablative fhads

or local anesthetic agents together or m sequence (local ancsthetic first to
diminish discomfort,

followed by delivery of the ablative agent) and/or
high temperature fhuds (or steam), or extremely cold (eryoablative} thad
into the vessel wall and/or the volume just outside of the vessel. A typical
mjection would be 0.1 to 5 ml. This should produce a nultiphicity of
ablation zones {one for each injection needles 119} that will intersect 1o
form an ablative ring around the circurnference of the target vessel.
Contrast could be added to the imjection either during a test injection
betore the neurcablative agent or during the therapeutic fnjection to allow
x-ray visuahization of the ablation zone. With cthanol, as an ablative
agent, a volume of less than 0.5 ml s suf

0

ifficient for this infusion as it will
not only corapletely §i the needed volume including the sympathetic

nerves, but 1s small enough that if accidentally discharged into the renal

artery, would not harm the patient’s kidneys. Ideally, a volume of 0.1 mi
to 0.3 ml of ethanol should be used. The amount used could be the same

for all renal arteries or it could vary depending on the diameter of the renal

artery into which the cthanol is to be ijected. The agrophobic and
hipophilic nature of ethanol enhances the spread allowng such a small

volume to be effective. It is desirable to fluoroscopically verify the
deployment of the needles

119 of FIGS. 2-4 into the vessel wall of the
target vessel before jnjecting the ablative agent or fluid.
£)

Next a syringe with normal saline solution is attached to the port 354
replacing the ablative fluid syringe. Ideally, slightly more saline is
mjected than the total voluroe of dead space to cosure there 18 no ablative
fluid left inthe PTAC 100. For example, if the dead space in the PTAC
100 15 0.1 ml then for example 0.1-0.15 rol of saline would be a good

amount to ensure the ablative fluid is all delivered through the needle

W
Sewm”

distal opendngs 117 of the injection needles 119 of FIG. 1010 the
appropriate peri-vascular voluroe of tissue.

Depress the button 342 and while holding the outer tube control eylinder
335, pull the needle control cytinder 345 back in the proximal direction

until the injection needles 119 are fully retracted back into the guide tubes
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115, s envisioned that a chick or stop would occur when the ingection
needle control cylinder 345 reaches the correct position so that the
mjection needles 119 are fully retracted.

11} Release the button 342 locking the motion of the fnjection needle control
cylinder 345 to the guide tube control cyhmder 333,

11}y Depress the button 332 releasing the relative motion of the outer tube
control cyhinder 335 with respect to the guide tube control cylinder 333
that is now locked to the mjection needle control cylinder 345.

12} Retract in the proximal direction the guide tube control evlinder 333 with
respect to the outer tube control eybinder 335, This will retract the guide
tubes {135 of the configuration of FIG. 9 back inside the openings 131 in
the outer body extension 104 the PTAC 100.

13} Pull the PTAC 190 back mnto the guiding catheter 140.

14}  Move the guiding catheter 140 to the other renal artery.

18} Repeat steps 3 through 13 for the other renal artery.

16}  Remove the PTAC 100 from the body.

33491 It may also be highly desirable to eliminate step 8, and also in step |
flush the mternal volume/dead with the ablative fluid outside the body, fnstead of saline.
This would be done with the guide tubes 115 and needles 119 fully deployed. it may
also be desirable if this technique is used to rinse the distal portion of the PTAC 100 in
saline prior to advancement of the catheter into the body in orvder to remove any of the
ablative fluid from the surface of the PTAC 100 that might bave been retained on the
surfaces of the catheter during the flushing with the ablative fluid.

{0150] While the buttons 332 and 342, as described above, release the motion
of control cylinders when depressed and lock when released, it is also envisioned that
they could also be mterfocked as follows:

1. The first interlock allows the injection necdle control cylinder 345 to be unlocked
only when the guide tube control cylinder 333 is in #ts most distal position where
the outer tube 102 is pulled back and the guide tubes 115 are fully deployed.

2. The second interlock allows the guide tube control cylinder 333 to be unlocked
only when the injection needie control cylinder 345 is in its most distai position

where the needles 119 are retracted within the guide tubes 115.
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The combmation of the buttons 332 and 342 with the control mechanisros described
above should make the use of the PTAC 100 reasonably simple and straight forward. The
operator basically presses button 332 and pushes the guide tube cyhnder 333 forward
causing the guide tubes 115 to expand outward, then presses buatton 342 and advances the
needles 119 forward to penetrate the wall of the renal artery. Injections are performed
then the reverse procedure 1s done with button 342 depressed and the needles 119
retracted, then button 332 is depressed and the guide tube cylinder 333 is retracted m the
proximal direction retracting the guide tubes 115 within the body of the PTAC 100.

{01511 While a push bution activated handle where sections are pushed and
pulled 1o the longitudinal dircction to cause guide tube and needle deployment is shown
in FIG. 11, it is envisioned that other fechniques such as rotational mechanisms for
locking or longitudinal motion can alse be used. The Fischell et ¢/ 1S Patent Apphcation
No. 13/643,070 filed October 23, 2012, which is hereby incorporated by reference in its
entirety, shows such a rotational focking mechanism in FIG. 33.

{0152] It is also envisioned that although flushing and fliing the mnjection
lumens with normal saline as described in step 8 of the method above has the advantage
of not allowing any of the toxic ablative fhuid to accidentally be iniroduced into the renal
artery during the procedure, another technique is possible with a low dead space PTAC
100. Specifically if the dead space is small, and the ablative fluid is ethanol, bypertonic
or hypoionic saling, then the ablative {luid can be used to il the dead space out of the
body. Because of mixing with large amounis of blood going to the kidney, direct
imjection of even 0.5 ml of ethanol, hypertonic or hypotonic saline will not harm the
kidney. This concept then ehiminates the flush step afer injection of the ablative fluid
reducing the injection steps in the procedure from 2 per artery to one per artery. For
example, if the dead space is 0.1ml and the desired injection volume of ethanol is 0.2 ml
then 0. 1ml of cthano! could be used to fill the dead space outside of the body. Then the
catheter and needles would be deploved tn the first renal artery. Then 0.2 mi additional
ethane! would be injected which will deliver 0.2 md info the peri-vascular space leaving
G.1 mi in the dead space. The needles 119 and guide tubes 115 are retracted, the PTAC
100 is deploved in the other renal artery and another 0.2 md of ethanel would be injected.
The needles 119 and guide tubes 115 are retracted and the PTAC 100 is removed from
the body. In this abbreviated procedure, very little (< 0.05 mi} ethanol should leak out

into the renal artery and 10 times that amount will still not harm the kidney. Auvother
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advantage of this reduced step process is that only ablative fluid 15 delivered to the peri-
vascular space which reduces the “dilution” of the ablative fluid by the volume of saline
m the dead space that would be delivered first in the procedure above before the ablative
fluid can be delivered.

{6153] It should also be noted that i one variation of the procedure having
the cap 356 locked onto to the fitting for the injection port 354 prior to placing the PTAC
100 into the patient’s body will certainly prevent any ablative solution from entering the

enal artery during insertion of the PTAC 100 into the reoal artery. Additionally,

replacing that scaling cap 356 onto the fitting for the injection port 354 as the PTAC 100
is moved from ong renal artery to the opposite renal artery will also provent any ablative
solution from entering the second renal artery. The cap 356 would also be locked onto the
fitting for the mjection port 354 as the PTAC 100 is removed from the patient’s body.
During the renal denervation procedure, the cap 356 would be removed only to inject
ablative solution into the peri-vascular space of the treated vessel.

{0154 A stopeock attached to the port 354 could also be used such that when
closed, it would prevent leakage of ablative {luid out of the needie distal openings 117 of
FIGS, 2 through 10, In reality of course, if there were no cap 356 atiached as the PTAC
100 is moved within the arterial system of the body, the blood pressure within the arterial
system would if anything force any fluid within the injection lumens of the PTAC 100
back out of port 354,

[0155] It is also envisioned that one could have any combination of use or
non-use of flushing steps. For example, the PTAC 100 dead space could be prefilled with
the ablative Thud, and then saline solution could be used to flush the ablative fluid into

1
i

the peri-vascular space following deployment of the needles 119 and guide tubes 115,
After the ablative {luid has been injected into the peri-vascuolar space, the needles 119 and
guide tubes 115 could be retracted out of the peri-vascular space and the dead space could
be refilled with ablative fhuid flushing the sahine out of the dead space. The other renal
artery could then be treated.

{01 56] The PTAC 100 can be packaged with the gude twbes 115 fully
extended and the mjector tubes 116 fully retracted. The reason for this is that the
preferred embodiment of the guide tubes are made from plastic such as polymmide formed
mto a curve shape. Such a plastic material may lose its shape if it were packaged

retracted back into the tubular shafl 120 which would straighten 1. It is also possible 1o
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ship the device with the needles 119 at the distal end of the njector tubes 116 fully
expanded as well to ensure maximum shape retention of the guide tubes 115 and the
mjector tubes 116, In this case, the device would be shipped i a protective housing to
ensure handlers do not receive needle sticks.

{01571 It should also be understoond that the handle 360 in FIG. 11 bas a distal
portion that has a tapered cone structure 338 that 18 attached to a hypotube 82, which
hvpotube 82 extend for most of the length of the PTAC 160, As shown 1o FIG. 18, the
hvpotube 82 is counected to a connecting tube 92 that is joined at its distal end to the
outer tube 102 of the PTAC 100. A hypotube is typically made from the same type of
metal as 2 hypodermic needle, e, typically a stainless steel.

{0158] FIG. 12 s a longitudinal cross-section of altermnative embodiment of
the PTAC 200 with self-expanding guide tubes 215 supporied by an Intraluminal
Centering Mechanism (1CM) 250 that assists in both uniformity of expansion of the self-
expanding guide tubes 215 as weli as providing addition support for the guide tubes Z15.
The central portion 204 of the ICM 250 will provide a larger surface to open against the
interior wall of the target vessel to prevent the distal ends 229 of the guide tubes 215 from
backing away from the interior wall of the target vessel or moving laterally as the injector
tubes 216 with distal injection needles 219 arc advanced outwardly through the vessel
wall. As with the PTAC 100 of FIGS, 2 through i1, the guide tubes 215 are the necdie
guiding clements that expand outwardly to provide support/backup for the injection
needles 219 at the distal end of the imjector tubes 216 as they are advanced through to

enetrate the interior wall of the target vessel. This support or backup is an important
feature of this alternative embodiment of the PTAC 200 as shown in FIG. 12 compared
with the prior art PTAC 50 embodiment shown in FIG. 1. The PTAC 200 shown in FIG.
12 includes an obturator 220 having proximal section 223, distal tapered section 226 and
radiopaque marker band 224, Distal to the tapered section 226 is a fixed guide wire 210
with core wire 211 and outer layer 228. A radiopaque wire 218 inside the lumen of each
imjector tube 216 provides enhanced radiopacity for the injector tubes 216 so that their
deployment can be visualized under fluoroscopy.

161591 The PTAL 200 of FIG.12 has four guide tubes 215 with four
concentric injector tubes 216, Ideally 3-5 needles should be used for renal denervation.

With cthanol as the ablative fluid for nearal ablation, three needles may be sufficient
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ecause of the hydrophilic nature of ethanol, i.e,ethanol readily spreads within human

{0160] The core wire 211 provides connectivity with the central section of the
PTAC 260 and extends distally to form the core of the fixed guide wire 210, Fixed wire
devices and the formation of guide wires are well known in the art of medical devices.

{6161} The $CM 250 includes a distal ving 202, support struts 208, central
portion 204 with radiopague marker 206. The YCM 2350 provides additional radial and
circumferential/lateral support for the guide tubes 215 both during expansion and during
advancoment of the injector tubes 216 through the guide tubes 215, The outside of the
central portion 204 also provides a small but flat or shghtly curved surface 1o engage or
touch the iterior wall of the target vessel that can reduce the trauma to the vessel wall as
comparced with having the ends of the guide tubes 215 touch the wall. As can be seen in
FIG. 12, the surfaces 204 would touch the wall of the vessei before the ends of the guide
tubes 215 would touch that wall. This design provides s broader surface in contact with
the vessel wall and that would chiminate any tendency for the distal end 229 of the guide
tubes 215 to damage the wall of the target vessel.

{8162} It is envisioned that there are several techniques for creating the
structure of guide tubes 215 attached fo a distal ICM 250 as shown in FIGS. 12 and 13.
One technigue is to take a nitined tube which will be formed into the shape seen in FIG.
12, Once heat set in this shape, a machining process would remove material to expose
the distal ends 229 of the guide tobes 215, A second machining process would remove
hall of the cyhinder say from 90 to 270 degrees of the a portion of the ICM 250 of the
PTAC 200. A radiopaque plug 206 would the be attached within the horizontal section
204 and the distal end of the ICM 250 would be attached to the ring 202.

{B163] An alternative technique would have the guide tubes 215 made of
plastic and a nitinol flat wire having three sections including a proximal section attached
to the plastic tube a central portion with a flat horizontal shape and a distal curved ICM
portion,

{01641 A sheath 212 with radiopague mwarker band 213 1s shown in FIG. 12 in
its proximal or open position having been retracted to allow the self-expanding mude
tubes 215 to expand outward.  The radiopague markers 206 allow fluoroscopic
visualization to confirm the appropriate expansion of the guide tubes 215 against and/or

in close proximity to the interior wall of the target vessel. The injector tubes 216 with
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distal fnjection needles 219 and distal opening 217 are then advanced through the guide
tubes 215 to penetrate the interior wall of the target vessel. Ablative fluid is then fnjected
through the needle distal openings 217 into the peri-vascular space. The mjector tubes
216 are then withdrawn back into the guide tubes 215 and the sheath 212 1s advanced m
the distal divection to collapse the guide tubes 215 and the ICM 230, When the
radiopague marker band 213 near the distal end of the sheath 212 s adjacent 1o the
radiopague marker 224 on the obturator 220, the operator can conlirm that the PTAC 200
18 10 its closed position and retract it back into the guiding catheter.

{0165] FiG. 13 1s a longitudinal cross-section enlargement of section S13 of
FiG. 12 showing the structure of the fully deployed PTAC 200, The mjector tubes 216
with distal injection needles 219, needle distal opening 217 and radiopaque wire 218 are
shown coaxially advanced out of the distal end 229 of the guide tube 215 with the ICM
250 attached. The YCM 250 has a central portion 204 with radiopaqgue marker 206, The
central portion 204 has a proximoal end that is fixedly attached the guide tube 215 on iis
distal end. The central portion 204 is shown in FIG. 13 formed integral with the support
strut 208 conmecting af the distal end of the central portion 204,

[0166] The guide tubes 215, central structure 204 and support struts 208 are
formed irom a shape memory alloy or springy metal such as nitinol.  Specifically, in the
embodiment shown in FIGS. 12 and 13, a single tube of nitinol is machined and then bent
and heat set to form the configuration shown in FIGS. 12 and 13, The guide tubes 215
are cylindrical as is the ceniral section 204 which has a radiopague marker 206 attached
to it. The support struts 208 have a portion of the cylinder removed.

{0167} It is also envisioned that the guide tubes 215 could be plastic such as
shown in FIGS. 1-10 with a round or flat nitino}] wire attached to the guide tube 215 to
enhance the self-expansion characteristics of the plastic and extend distally to form the
ICM support struts. It is also envisioned that different varations in the siructure of the
guide tubes 215 can be used to make the guide tubes more flexible. For example, a
helical laser cut out along the length of the guide tube 215,

[0168] FIG. 14 is an enlargement of the longitudinal cross-section of section
S14 of the PTAC 200 of FIG. 12, FIG. 14 shows the sheath 212 with distal radiopague
marker band 213, Also shown are the guide tubes 2135, the injector tubes 216, the
radiopaque wire 218 and the core wire 211. The central and proximal sections of the

PTAC 200 are shown in the prior disclosures of US Patent Applications 13/294,439 and
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13/342.521. This includes the mechanisms near the proximal end of the PTAC 200 that
allow the operalor to veiract the sheath 212 allowing the guide tubes 215 to expand
outward against the interior wall of the target vessel. This also includes the mechanism
that controls the advancement of the Injector tubes 216 with distal mjection necdles 219
through the guide tubes 215 and into the wall of the target vessel.

{0169] Fischell ez, o/, in US Patent Application No. 13/643,070 shows several
handle/proximal scction configurations specifically designed to release self-expanding
guide tubes and advance injection needles into or deep 1o (outside of) the adventitia of a
target vessel. Such designs would work well in conjunction with the PTAC 200 of FIGS.
12 through 14.

H170] While the PTAC 200 of FIGS. 12 through 14 show a self-expanding
guide tbe structure, it is envisioned that an ICM could be added to the manually
expanded PTAC 106 of FIGS. 2-10 to further enhance the support and backup of the
guide tubes against the interior wall of the target vessel

i0178] An mmportant mventive feature of the PTAC 200 of the present
application is the use of radial and lateral/circom{erential support structures for the needle
guiding clements/guide tubes 115 and guide tubes 215 of FHG. 4 and FIG.1Z. These
inclhude the tubular shafts 120 with openings 131 and central buttress 121 to provide both
radial and lateral support for the guide tubes 115 of FIG. 4 and the ICM 250 of FIG. 12 (o
provide radial and lateral support for the guide tubes 216.

10872] FIG. 15 is a longitudinal cross-section of PTAC 300 which is another
embodiment of the present application. This design has the guide tubes 316 and njector
tubes 318 combined into a single injector tube assembly 3135 with radiopagoe marker 322,
distal end 329 and distal injection ncedle 319 having distal opening 317 and a gold
plating on the outside of the injector tubes 31§ to enhance visihility of the needles 319
under fluoroscopy.  The PTAC 300 has a distal tapered nose 306, outer tube 302 with
openings 331 through which the injector tube assembly 315 is advanced.

{81731 The PTAC 360 also has an mner tube 305 with injection lomen 333
which is i fluid communication with the lumens of the injector/guide tube assemblies
315 which is i fluid commumication with the lumen of the injection needle 318, The
mmer tube 305 is attached to the injector/guide tube assembly 315 through the manifold
325, The central buttress 321, similar to that of the central buttress 121 of FIGS. 3 and 4,

provides the ramp 344 that deflects the mjector tube assernbly 315 outward and provides
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radial support for the penetration of the mterior wall of the target vessel by the mjection
needles 319,

{8174] The distal nose 345 of the central buitress 321 provides the attachment
for the nose 306. The outer tube 302, distal nose 306 or central buttress 321 may also
include radiopague markers or be made from a plastic with a radiopague filler such as
tungsten filled polyurcthane. The central buttress 321 must extend a sufficient distance in
the proximal direction so that the needle distal opening 317 can be completely withdrawn
within the body of the PTAC 300 to avoid needlestick fnjuries to users of the PTAC 300,

H0175] The distal nose 306 would preferably be made from a relatively low
durometer or soft plastic. The needles 319 can be made from any metal that will hold its
shape although cobalt chromium alloys such as L6063 or a shape memory metal alloy such
as nitinol are preferred.

{8176} It is also envisioned that the PTAC 300 could have a distal fixed guide
wirg like the PTAC 100 of FIG. 3 or be configured to be delivered over a guide wire in
cither an over-the-wire or rapid exchange configuration. Sumilarly, the PTAC 100 of
FIGS. 2-11 or the PTAC 200 of FIGS. 12 through 14 could use a soft nose similar to the
nose 306 of FIG. 15 instead of a fixed guide wire 211 as shown for other erabodiments
disclosed in the present application.

{01771 The PTAC 300 has the advantage of one less step in delivery of the
needles as compared to the PTAC 100 of FEGS. 2-11. After positioning the distal end of
the PTAC 300 at the desived site, the operator can advance the inner tube 305 with
respect to the outer tube 302 using a mechanism at the proximal end of the PTAC 300.
This will push the injector tube assemblies 315 forward and outward as deflected by the
ramps 344 of the central butiress 321 and out of the openings 331 in the outer tube 302
The needies 319 will penetrate the interior wall of the target vessel imited in penctration
by the distal ends of the injector/guide tube assernblies 315, The combination of the
radiopaque marker bands 322 on the assemblies 315 and the goid plating on the needies
319 allows the user to visualize the deployment of the PTAC 360 for delhivering an
ablative fluid mto the peri-vascular space.

{6178} In this embodiment of the PTAC 300, the imjector/guide tube
assernblics 315 are the needle gwiding elements that expand outward to provide
support/backup for the injection needles 319 as they are advanced through the wall of the

target vessel.
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{6179] FIG. 16 is a longitudinal cross-section of the distal portion of suill
another embodiment of the presently disclosed PTAC 400, which uses an inflatable
balloon 450 to expand the four guide tubes 415 outward to engage the mterior wall of the
target vessel.  Three to eight guide tubes are envisioned for this design with three being
preferred for debivery of ethanol for renal denervation.

{31801 The PTAC 400 has a distally attached fixed guide wire 420 with outer
layer 425, core wire 411 and distal tip 428. FIG. 16 shows the PTAC 400 w its fully
open position with guide tubes 415 with radiopaque markers 422, Coaxially within the
guide tubes 415 are injector tubes 416 with sharpened distal injection needles 419 with
distal openings 417 deploved outward beyond the distal ends 429 of the guide tubes 415.
A radiopague wire 418 lies within the lumen of the injector tube 416 to reduce the dead
space and provide enhanced visibility.

{p18E] The distal portion of the PTAC 400 has the tapered section 426,
radiopaque marker band 424 and proximal portion 423. This tapered unit, including
clements 423, 424 and 426, is called an obturator 430. The obturator 430 1s attached to
the fixed guide wire 420 with tip 428, outer layer 425 and core wire 411, Other
important features of this alternative erabodiment are the radiopaque marker band 413 on
the sheath 402 that in combination with the radiopaque marker band 424 on the obturator
430, provides indication of the position of the distal end of the sheath 402 relative to the
obturator 430 so that the operator readily knows whether the PTAC 400 is in its closed
position with the sheath 402 i its fully distal position and the goide tubes 415 and
injector tubes 416 are therchy folly enclosed. The preformed radius of curvature of the
injector tubes 416 should be similar to that of the guide tubes 415 so that the guaide tubes
415 will maintain their position against the interior wall of the target vessel as the injector
tubes 416 with distal injection needles 419 are advanced to penetrate the mterior wall of
the target vessel.  Specifically, the radius of curvature of the central axis of the distal
portion of the injector tube 416 should be approximately the same as the radins of
curvature of the central axis of the guide tube 415, The radii of curvature of the central
axes of the guide tubes 415 and the injector tubes 416 should be within | mm of each
other and ideally within 0.2 mm of each other.  Although a curved shape with a single
radius of curvature is shown i FIQ. 16, curved shapes of the guide tubes 415 and injector
tubes 416 could have two or more portions each with a different radius of carvature.

Even if two or more different radii of curvature are used {or these components, it is
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mmportant that when fully deployed, the curved shape of the injector tube 416 is such that
1ts longitudinal axas 15 coaxial to the longitudinal axis of the hmmen of the curved portion
ot portions of the guide tube 415, In other words, the advanced injector tube 416 should
fit perfectly within the advanced guide tube 415, 1t 18 also envisioned that if the radii of
curvature are significantly different, then the radius of curvature of the mjector tube 416
should be less than the radius of curvature of the guide tube 415 so that when the mjector
tube 416 s advanced it will not push the guide tubes 415 away from the interior wall of
the vessel.  Another way to characterize the two radit of curvature is that they should be
within 20% of cach other and ideally within 5%.

{01821 Asg with the PTAC 100 of FIGS, 2 through 11, the guide tubes 415 are
the needic guiding clements that expand outwardly to provide support/backup for the
injection needles 419 at the distal end of the injector tubes 416 as they are advanced
through the needle guiding clements to penetrate the wall of the target vessel.,

{0183 Fi(G. 16 shows an inflatable balloon 450 attached at its proximal end to
the tube 405 and at its distal end to the obturator 430. Side holes 432 in the nner tube
405 provide fluid commumnication between the inflation lumen 433 of the inner tube 405
and the interior space 454 of the inflatabic balloon 450. This design provides significant
enhancement in radial stability of the guide tubes 415 as compared to the design of the
INAS 50 as shown in FIG. 1. This is because the balloon 450 provides significant radial
support for the guide tubes 415, The outside of the balloon 450 is optionally fixedly
atiached to ecach guide tube 415, In this configuration, the balloon 4350, being attached to
the guide tubes 415, will enhance the lateral stability of the guide tubes 415 for uniform
expansion and improved centering of the distal portion of the PTAC 400.

{B184] The PTAC 400 guide tubes 415 may be advanced and retracted similar
to prior embodiments or they may be attached to the tnner tube 405 and only the imector
tubes 416 being capable of longitudinal movement within the lomen of the guide tubes
415,

{01851 Similar o prior embodiments the PTAC 400 can be configured to be
advanced over a separate guide wire ot have no guide wire at all.  Also the guide tubes
415 and mjector tube 416 can be combined similar to the design of the PTAC 300 of FIG.
15,

{81851 For the configuration shown m FIG. 16, a sheath 402 with distal

radiopaque marker band 413 has been pulled back to allow the guide tubes 415 1o expand
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outwardly. The radiopaque wire 418 and the radiopague marker bands 422, 424 and 413
may be made {rom any high density metal such as gold, platinum or tantalom or an alloy
of such metals.

{1871 The balloon 450 may be coraphant, seni-compliant or non-compliant,
however an clastic compliant balloon 18 preferred as it allows diameter of the expanded
guide tubes 415 to be easily set by using differcot nflation pressures for the balloon 450.
Attaching the guide tubes 415 to the outside of the balloon simplifics construction as
compared to attempting to place guide tubes 415 within the balloon. This design alse
allows the distal end 429 of the guide tubes 415 to be the poinis of engagement with the
interior wall of the target vessel so that the entire balloon 450 does not touch the wall.
Having the balloon 450 touch the wall can remove some endothelial cells and produce
neoimiimal hypeorplasia which s undesirable. The balloon would typically be inflated to
a pressure between 10 and 100 psi by injection of norroal saline through the inflation
lomen 433,

{0188 While FIG. 16 shows an inflatable balloon 450 used to provide radial
and lateral support for the guide tubes 415, it is envisioned that any mechanical structure
that can be expanded under the guide tubes 415 could be used. Such a structure may or
may not actually be attached to the guide tubes. For example a structure simnilar to that of
many car jacks that when the ends come together opens up could be used. A screw thread
or just a wire or tubc that pufls the ends together would be sufficient to form a structure
that would support the guide tubes 415

[0189] It is also envisioned that an inflatable balloon such as the balloon 450
of FIG. 16 could be added to the PTAC 200 with intravascular centering mechanism
(ICM} 250 of FIG. 12. This would be applicable whether the guide tubes 215 with ICM
250 are self-expanding or manuvally expandable.

10190] FIG. 17 1s a schematic view of the central buitress 121 of the PTAC
100 of FIGS. 3 and 4. The distal tip 145 with neck 146 provides attachment to the
proximal portion of the distal tip 106 of the PTAC 100 as shown in FIGS. 3 and 4. The
curved ramps 144 provide radial and lateral support {or the guide tubes 115 as they are
advanced forward and shide along and outward as directed by the curved ramps 144, The
distal fingers 142 have beveled nside surfaces 148 that also provide lateral support for
the guide tubes 115 as they are advanced. The curved structures 142 (as can be seen in

FIG. 4} are attached mside of the outer tube extension 104
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{0191} FIG. 18 illustrates longitudinal cross-sections of three central portions
of'the PTAC 100 of FIGS. 2 through 11, At the proximal end of the central portion of the
PTAC 100 are three concentric metal hypotabes, an outer hypotube 82, muddle hypotube
83 and inoer hypotube 85, These are typically made from thin walled roemlhic tubing
such as stainless steel, L.605, cobalt chromiom or nitinol. The outer hypotube 82 of the
PTAC 100 attaches at its distal end to a proxiroal plastic outer tube 92 typically made
from a relatively high durometer plastic, for example polyinude. As scen in the central
ross-section of FIG, 18, the proximal plastic tube 92 attaches at #ts distal end to the
proximal end of the cuter tube 102 also shown o FIGS. 2 through 11, The outer tube 102
is typically made from a lower durometer/more {lexible plastic than the proximal plastic
tube 92,

[0192] As shown in the proximal section of FIG. 18, the middle hypotube 83
is attached at its distal cnd to the middle tube 103. As shown in the central section of
FIG. 18, the inner hypotube 85 with central injection umen 93 is attached at its distal end
to the proximal end of the inner tube 105 having an imjection fumen 133,

{0193] Also shown in distal section of FIG. 18 is the manifold 125 that
connects the mner tube 105 to the injector tubes 116 of FIGS. 3 and 4 and the radiopague
wirgs 118 that run the length of the injector tubes 116 to provide visibility under
fuoroscopy. The manifold 123 Hes coaxially within the inner tube 105 in a portion of the
imnner tube 105 that is proximal to the distal end of the inner tebe 105, The proximal end
of the inner tube 105 is also coaxially positioned within the outer tube 102 which is
proximal to the culer tube extension 104 of FIGS. 2-10.

{01941 FIG. 19 i3 a schematic view of the distal end of the fully expanded
PTAC 100 of FIGS. 2 through 10 showing the orientation of the sharpened injection
needles 119 with respect to the distal end of the PTAC 100, FIG. 19 is the view locking
down the longitudinal axis of the PTAC 100 from its distal end. The tip of the guide wire
109 and tapered distal section 106 are clearly seen as are the three expanded guide tubes
115 with radiopaque markers 122, The expanded injector tubes 116 with distal injection
needles 119 are shown with the cut portion of the needles 119 being cut so that the open
face of the needle 119 will deliver the ablative fhud n a direction that is perpendicular to
the longrtudinal axis of the PTAC 100 and the face of the bevel cut of the needle 119

faces laterally with respect to the axis of the needle 119
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1195] This configuration is advantageous as it reduces the probability that the
point of the needle 119 will get caught on the inside of the guide tube 115 as the needle
119 i3 advanced. FIG. 20 better shows the preferred tmiple cut needie 119 that reduces
further the probability that the needle will get caught on the inside of the guide tube 115

{6196] FIG. 20 is a schematic view of an enlargement of section S20 of FIG,
19 showing a preferred shape of the sharpened injection needles 119, FIG 20 shows a
direction of ablative fluid flow from the needie distal opening 117 that 1s perpendicular to
the longiudinal axis of the PTAC 100, Also shown is the additional cut 91 in the needle
tip 81 which provides a sliding surface. The direction of the main cut of the needle 119
as well as the additional cut 91 combine to reduce the chance of having the needle tip §1
accidently get caught on the inside of the guide tube 115 as the veedle 119 is advanced
through the guide tube 115,

{81871 FiG. 21A is a schematic view of an alternative embodiment which is
the PTAL 500. The PTAC 500 uscs the proximal portion of the obturator 520 as the
support structure for the guide tubes 515, The obturator 520 has proximal section 523,
radiopague marker band 524 and distal tapered section 506. The proximal section 523
has slots 525 inte which the guide tubes 515 will nest or fit.  The outer tube 502 forms
the outside of the PTAC 500 and acts as a sheath that can be advanced over the proximal
portion 523 of the obtarator 520 to form a closed structure. The inner tube 505 is a tube
within the structure of the outer tube 502 which provides the impetus for motion of the
imjection needles 519 (not shown). The wire 503 is the structure which provides the

515. The core wire 511 is connected io the

147

impetus for motion of the goide tube
obturator 520 and a mechanism at the proximal end of the PTAC 500 facilitaies
longitudinal motion of the obturator 520 with respect to the outer tube 502 and/or guide
fubes S1S. A fixed guide wire 509 is shown although the PTAC 500 could be configured
o be dehvered over a guide wire or with a distal end with no guide wire suach as the
PTAC 300 of FIG. 15.

{01981 FIG. 21A shows the configuration of the PTAC 500, after the gude
tubes 515 are advanced, but before the needles 519 are advanced. The guide tubes 515
can be mamually advanced as they are with the PTAC 100 of FIGS. 2 through 11 or they
can be seli-expanding as in the prior art PTAC 50 of FIG. 1 when the outer tube 502 acts
as a sheath and is pulled back to allow the guoide tubes 515 to expand outwardly. The

next step following the configuration of FIG. 214, is for the obturator 520 to be moved
g g
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proximally (pulied back) by the proximal motion of the core wire 311 actuated by the

mechanism in the proximal section of the PTAC 500, This will cause the slots 525 to

move proxumally until they nest up against the expanded guide tubes 515 providing both

radial and lateral support, similar to the central buttress 121 shown in FIG. 17, Ouce the

obturator 520 is pulled back, the needles 519 are advanced into the wall of the target
vessel n the configuration shown in FIG. 218,

{6199] FIG., 218 shows the configuration of the PTAC 3500 following
advancement of the needles 519 at the distal ends of the injector tubes 516 into the wall
of the target vessel. The obturator 520 provides radial support for the guide tubes §
prevent them backing away from the interior vessel wall as the needles 519 are advanced.
The slots 525 also provide lateral support to keep the guide tubes 515 and needles 519
positioned at 120 degrees with respect to cach other for uniform injection of the ablative
fluid into or outside of the wall of the target vessel.  Ag in prior embodimentds, the guide
tubes 515 are the needle guiding elements. In this embodiment the obturator 520 is 2
longitudinally movable mechanismo that provides the radial and lateral support for the
needle guiding clements which are the guide tubes 515

10280} While this specification has focused on use of the PTAC for use in
ablation of tissue, if is also clearly envisioned that the apparatus and methods of FIGs. 1-
2318 inclusive can be applied to inject any fluid for any purpose including that of focal
drug delivery into a specified portion of a blood vessel or the volume of tissue just
outside of a blood vessel, or info prostatic tissue via the prostatic vrethra.

10281 While the embodiments shown in FIGS. 1 through 21B show either
three or four mjection needles, the presently disclosed stractore which inclhudes radial
and/or lateral support mechanisms {or needle guiding elements that guide injection
needles as they penetrate the interior wall of a target vessel can be applied to designs with
one needle, two needies or 5 or more needles. Hven a single needle design would be of
smaller diameter and easier to use than other single needle systems such as the Bullfrog
systemn of Mercator.

{82821 Various other modifications, adaptations, and aliernative designs are of
course possible in hight of the above teachings, Therefore, it should be understood at this
tme that within the scope of the appended claims the mvention may be practiced

otherwise than as specifically described herein.
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WHATL IS CLAIMED IS

1. A catheter for fhuid delivery through at least two injection needles into
tissue outside of the inferior wall of a target vessel of a human body, the catheter
ncluding:

a catheter body having a central axis extending in a longitudinal direction
and also having a fhiid injection lumen;

at least two needle guiding clements adapted fo expand outwardly toward
the interior wall of the target vessel;

a mechanical support sfructure adapted o support each expanded needle
guiding clement in a direction selected from the group consisting of a) radial,
which the support structure supports the needle guiding element in a radial
direction, and b} lateral, in which the support structure supports the needle guiding
clement in a lateral direction; and

at least two injection needles bhaving an injection fumen in fluid
coramunication with the fluid injection lumen of the catheter body, the at least
two injection needles adapted to be advanced outwardly, guided by the at least
two needle guiding elements to penctrate the interior wall of the target vessel, the
at least two injection needles having a distal opening for fluid delivery info the
tissue outside of the interior wall of the target vesscl.

2. The catheter of claim 1| where at least one needle guiding element is a

guide tube,

(%)

The catheter of claim 1 where the mechanical sapport stractare is a central
buttress support located internal to a distal portion of the catheter body, the central
buttress sopport also adapted to sopport outward expansion of the needie guiding

elements.

4. The catheter of clatm | where the mechanical support structure 18 located
within a distal portion of the catheter body, the mechanical support structure having a
distal opening through which a needle guiding element is advanced during outward

expansion of the necdle guiding element.
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5. The catheter of claim | where the mechanical support structure is an

intraluminal centering mechanism atlached to the needle guiding elements.

6. The catheter of claim | where the mechanical support structure is provided

by a longitudinally movable mechanism.

7. The catheter of claim 1 further including at least three needle guiding
elements and three injector tubes with cach injector tube having a distal injection needle

at its distal end.

8. The catheter of claim 1 where the needle guiding elements have a curved
distal portion with a first radius of curvature and the injection needles have a curved
distal portion with a second radius of cusrvature, the first radius of curvature and second

radius of curvature being preset to within 25 percent of each other.
9. The catheter of claim 1 further including a fixed distal guide wire.

10.  The catheter of claim 1 where the total internal volume or dead space from

a proximal part to a distal end of an infusion flow path of the catheter is less than 0.3 ml

11, The catheter of claim 1 further including radiopaque markers attached 1o
or within & portion of one or more of the structures selected from the group of* a) the
injection needle, b) the needle guiding element, c) the catheter beody, and d) the
mechanical support structure.

12. The catheter of claim 1 where the mechanical support structure provides

both radial and lateral support for needle guiding elements as they expand outward.

13, The catheter of claim 12, where the
lateral support structure is selected from the group of: a) a bular shaft located within the
‘distal portion of the catheter body, the tubular shaft having a distal opening through
which the needle guiding element is advanced during expansion of the needle guiding

structure against the interior wall of the target vessel, b) an intraluminal centering
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mechanism atiached to the needie guiding elemeni, ¢) a central butiress that also provides

the radial support for the needie puiding element,

14, The catheter of claim ! further including a fluid injection port located near
a proximal end of the catheter, the fluid injection port having a non-standard connector

that is a different from any other fitting on the handle of the catheter.

15.  The catheter of claim 14, further
including in combination a custom syringe having a distal end with the mate to the non-

standard connector located at or near the proximal end of the catheter.

16. A catheter for fluid delivery through at least one injection needle into
tissue outside of the interior the wall of a target vessel of a human body comprising:

a catheter body having a central axis extending in a longitadinal direction,
the catheter body having an internal fluid injeetion lumen;

at least one needle guiding element adapted to expand outwardly toward
the interior wall of the target vessel;

at least one lateral support structure adapted to support the at least one
needle guiding element as it ¢xpands outwardly toward the interior wall of the
target vessel;

the at least one injection needle having an injection lumen in fluid
communication with the fluid injection lumen of the catheter body, the at least one
injection needle adapted to be advanced outwardly, guided by the at least one
needle guiding element to penetrate the wall of the target vessel, the at least one

injection needle having a distal opening for fluid delivery at or near its distal end.

17, The catheter of claim 16 where the at least one needle guiding element is
a guide tube.
18, The catheter of claim 16 where the lateral support siruciure is a tubular

shafi located within a distal portion of the catheter body, the tabular shaft having a distal
opening through which the at least one needle guiding element is advanced during
expansion of the at least onc needle guiding element against the interior wall of the target

vessel,
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19. The catheter of claim 16 where the at least one lateral support structure is

an mirahuminal centering mechanism attached to the needle guiding element.

20. The catheter of claim 16 further mcloding a radial support structure
adapted to support each expanded needle guiding element agamnst the intertor wall of the
target vessel.

21, The catheter of clabn 1 where the mechanical support structure is selected
from the group of:

a) a cendral butiress support located internal to the distal portion of
the catheter body, the central buttvess support also adapted fo support the outward
cxpansion of the at least two needle guiding clements;

) an intraluminal centering mechanism attached to the at least two
needle guiding clernent;

¢ an expandable balloon; and

d) an obturator that is moved proximally to engage and provide

support for the at least two needle guiding clements,

22 The catheter of claim 16 further including a {luid injection port located
near a  proximal end of the catheter, the {luid injection port being a non-standard

connector.

23. The catheter of ¢laim 22 further including in combination a custom syringe
having a distal end with the mate to the non-standard connector located at the proximal

end of the catheter.

24, The catheter of claim 16 further including at least three needle guiding

elements.

25, The catheter of claim 16 wherein the total internal volume or dead space

within the entive catheter 1s less than 6.3 ml

A

26, The catheter of claim 16 further including radiopaque markers attached to

ot within a portion of one or more of the structures selected from the group off a) the
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mjection needle, b) the needle guiding element, ¢) the catheter body, d) the lateral support

structure.
The catheter of claim [ further mcluding a control mechanism adapted to

27
control the movement and outward expansion of the at least two needle gunding elements.

The catheter of claim 1 further inchuding an injection needie control

28,
mechanism adapted to control the mwoverment and owtward oxpansion of the at Jeast two

injection needles.

29, A method {o
interior surface of a vessel of 8 human body, the method including the following steps

v ablating the tissue that is located radially ouiward from the
el o teps:

a} producing a tissue ablation catheter having a proximal end and a
distal end and also having a multiplicity of outwardly cxpandable needle guiding
clements through which s multiphcity of injection needles may be advanced, the
needle guiding elemenis and injection needies being located at a distai portion of
the catheter; the distal portion of the catheter also including a mechanical support

structure that supports the outwardly cxpandable needle guiding cicments;
advancing the distal end of the tissue ablation catheter to the site

b}
within a vessel of a human body where tissue ablation is to be performed;
advancing the muoltiplicity of needle guiding elements supported by

<)
the additional support structures to expand outwardly against the interior wall of

the target vessel therchy centering the distal portion of the catheter;
advancing the multiplicity of injection necedles through the

d}
multiplicity of guiding elements and into the vessel wall; and
injecting an ablative fluid through the multiplicity of injection

0
needles into and/or beyond the adventitia of the target vessel

36. The method of claim 29, where the needle guiding elements are advanced
through openings in a side wall of the catheter, the openings forming at least a part of the

additional support structures.

The catheter of claim 1, where the target vessel is the renal artery.

3L
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32, The catheter of claim 1, wherein the target vessel is the urethra.

33. The method of claim 29, where the vessel of the human body is a renal

artery.

34, The method of claim 33, where the ablative solution 18 injected in a region
that is 2 to 8 vun beyond the interior surface of the renal artery to accomplish renal

denervation for the treatmeent of high blood pressure.

35. The method of Claim 33, where the ablative fluid is selected from the

a) cthanol,

b} phenol,

¢} glycerol,

d} a heated fluid, and

¢} a super cooled tiguid such as Hguid nitrogen.
36. The method of Claim 33, where a local anesthetic is injected beyond the
interior wall of the renal artery prior to the imjection of an ablative solation or between

injections of the ablative sohution.

37. The method of claim 29, where the vessel of the human body is a urethra.

38, The method of clavm 37, where the ablative solution is designed for killing
1 B R § - . ] o Ceqye 3 - TR " M
the tissue of the male prostate gland as a weatment for benign prostatic hypertrophy.

-
7
I

39, The method of claim 37, where the ablative solution is designed for killing

the tissuc of the male prostate gland as a treatroent for prostatic cancer.

40, The method of claim 29, where the needle guiding clements when
expanded against the interior wall of the target vessel provide the capability to center the
distal portion of the catheter within the interior of the vessel to provide an cven

deployment of the injection needles beyond the interior wall of the vessel being treated.
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41. The catheter of claim | where the at least one injection needle s a cutting
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