wo 2015/148581 A1 [N I 00O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/148581 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

1 October 2015 (01.10.2015) WIPOIPCT
International Patent Classification: (81)
A61B 17/3203 (2006.01)

International Application Number:
PCT/US2015/022344

International Filing Date:
24 March 2015 (24.03.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/969,263 24 March 2014 (24.03.2014) US
61/969,262 24 March 2014 (24.03.2014) US

Applicant: INTERVENE, INC. [US/US]; 2490 Hospital
Dr., Suite 310, Mountain View, CA 94040 (US).

Inventors: WILSON, Fletcher, T.; 2490 Hospital Dr.,
Suite 310, Mountain View, CA 94040 (US). BATTEN,
David; 2490 Hospital Dr., Suite 310, Mountain View, CA
94040 (US). MALCHANO, Zachary, J.; 2490 Hospital
Dr., Suite 310, Mountain View, CA 94040 (US). ROS-
ALES, Antonio; 2490 Hospital Dr., Suite 310, Mountain
View, CA 94040 (US). OSNES, Eivind; 2490 Hospital
Dr., Suite 310, Mountain View, CA 94040 (US).

Agents: FOX, Mary, L. et al,; Perkins Cole LLP, P.O.
Box 1247, Seattle, WA 98111-1247 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: DEVICES, SYSTEMS, AND METHODS FOR CONTROLLED HYDRODISSECTION OF VESSEL WALLS

FIG. 3B

(57) Abstract: A device and method for
intravascular dissection of a body lumen,
and particularly a blood vessel wall (VW),
is disclosed herein. One aspect of the
present technology, for example, is direc-
ted toward a tubular elongated member
(110) having a lumen therethrough,
wherein the elongated member (110) in-
cludes a distal region configured to be po-
sitioned within a blood vessel wall (VW).
The distal region can include an angled
distal face (120) having a distal- most
edge (126) contigured to puncture the ves-
sel wall (VW) and a proximal-most edge.
The member can include an exit port (124)
E  fluidly coupled to the lumen, and posi-
tioned along the distal face between the
distal-most edge (126) and the proxim-
al-most edge. A central longitudinal axis
of the exit port (124) can be offset from a
central longitudinal axis of the elongated
member such that the exit port is closer to
the distal-most edge (126) than the prox-
imal-most edge.
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DEVICES, SYSTEMS, AND METHODS FOR CONTROLLED
HYDRODISSECTION OF VESSEL WALLS

CROSS-REFERENCE TO RELATED APPLICATION(S)

{90611 The present application claims the benefit of US. Provisional Application
Mo, 61/969,262, filed March 24, 2014 and U5, Provisional Application No, 61/969.263, filed

March 24, 2014, both of which are incorporated herein by reference in their entiveties.

THCHMICAL FIELD
fiLEL A The present technology relates geverally to deviees and methods for tniravascular
madification of body humens. Many embodiments of the present technclogy relate o devices,

systems and methods for controlled dissection of blood vessel walls,

BACKOGROUND

[B80G63] Controlled dissection of a body lumen wall {8 3 necessary treatment component of
many widespread medical conditions. For example, in order to bypass a chronic total ocelusion
{CTOY in the vascular sysiem, the physician can use a catheter to enter and travel throogh a length
of the blood vessel wall corresponding to the site of the occlusion. As another example, one course
of treatment for venous reflux involves modification of the Bood vessel wall 1o create a valve
and/or valve leaflet and/or repair a faulty valve and/or valve leaflet. One method for antologous
creation of a valve leaflet, for instance, includes accessing the treatment site {either surgically or
intravascularly) and entering the vessel wall with a catheter to oreate 2 dissection pocket (2.g., a
portion of a body humen wall where the wall has been separated into two or more distinet layers).
Drepending on the procedure {e.g., bypassing a CTO, creating a leaflet, ete ), it can be advaniageous
to finely conirol the shape and sive of the dissection pocket. Such control can be challenging,
especially considering the thinness and fragility of most body lumen walls, the presence of

pathologic changes to body lumen walls, the curvature of most body tumen walls, and the effects of
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focal, dynamic blood flow., Accordingly, the deviees, systems, and methods of the present

technology address these challenges,

BRIEF DESCRIPTION OF THE DRAWINGS

{6004] Many aspects of the present fechnology can be better understood with reference to the

following drawings. The components in the drawings are net necessarily to scale.  Instead,

ernphasis is placed on Hhustrating clearly the principles of the present disclosure,

B365] Figure | is a cross-sectional side view of a dissection assembly in accordance with an
embodiment of the present technology.

806} Figure 2A is an enlarged, isolated, cross-sectional side view of a portion of a

dissection assembly in accordance with an embodiment of the present technology.

{0471 Figure 2B is an end view of the portion of a dissection assembly shown in Figure ZA.
048] Figures 3A-3D illustraie a method for using a dissection assembly in accordance with

the present technology to dissect a vessel wall,

[B009] Figure 4 is a graph showing pressure versus tirne during a dissection procedure in

accordance with an embodiment of the present technology.

DETAILED DESCRIPTION

{EHELE The present technology provides dissection devices, systems, and methods for
intravascular creation of dissection pockets within the wall of a body lumen. Specific details of
several embodiments of treatrnent devices, systems and associated methods in accordance with the
present technelogy are described below with reference to Figures 1-3D. Although many of the
ernbodiments are described below with respect o devices, systems, and methods for intravascular
creation of autologous venous valves and/or valve leaflets, other applications and other
emthodiments in addition o those described herein are within the scope of the technology. For
example, the devices, systems, and methods of the present technelogy can be used in any body
cavity or lumen or walls thereof {e.g., arterial blood vessels, venous blood vessels, urological
humnens, gastrointestinal lumens, ete.) and used for surgicsl creation of autologous valves, for repair

“Ze
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of autelogous andfor synthetic valves, as well as for sub-intimally traversing chronic total
occlusions,  Additionally, several other embodiments of the technology can have different states,
components, or procedures than those described herein.  Moreover, it will be appreciated that
specific elements, substructures, advantages, uses, and/or other features of the embodiments
described with reference to Figures 130 can be suitably interchanged, substituted or otherwise

configured with one another in accordance with additional embeodiments of the present technology.

10811 Furthermore, suitable elements of the embodiments described with reference to
Figures 1-3D3 can be used as standalone and/or self-contained devices., A person of ordinary skill in
the art, therefore, will accordingly understand that the technology can have other embodiments with
additional elements, or the technology can have other embodiments without several of the features
shown and described below with reference to Figures 1.3, For example, the devices, systems, and
methods of the present technology can be used with any of the catheter devices, systems, and
methods disclosed in U.S. Patent Applcation No. 13/035,752, {led February 2, 2011, U.LS. Patent
Application No. 13/035,818, filed February 25, 2011, U.S. Patent Applcation No. 13/450,432, filed
Aprit 18, 2012; V.8, Provisional Patent Application No. 61/969,262, filed March 24, 2013; U5,
Provisional Patent Application No. 61/969,263, filed March 24, 2013; U.8. Patent Application Ne.
13/926,886, filed June 25, 2013; PCT Application No, PCT/USI0N4/011169, filed January 14,
2014; 1.8, Patent Application No. 14/377,492, filed Augnst 7, 2814; U.S. Patent Application No.
14/498,969, filed September 26, 2014; and 1.8, Provisional Patent Application No. 62/092,809,
filed December 16, 2014, all of which are incorporated by reference herein in thelr entireties
{(referred to collectively as "the Patents™).

198121 With regard to the terms "distal” and "proximal® within this description, unless
otherwise specified, the terms can reference a relative position of the portions of a dissection
assembly and/or an associated delivery catheter with reference to an operator and/or & location in

the vasculature.

I Selected Embodiments of Dissection Assemblies and Associated Devices

168134 Figure 1 is a cross-sectional side view of a dissection assembly 100 {or "the
assembly 100™) in accordance with an embodiment of the present technology for dissecting or

bl

-3
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otherwise separating two or more portions of a blood vessel wall.  As used herein, the term
"separating two or more portions of a blood vessel wall” refers to the act of separating the vessel
wall at least into a first layer and a second layer. The first layer can include inthmal, medial, and/or
adventitial tissne, and the second layer can include intimal, medial, and/or adventitial tissue. For
example, dissection devices of the present technology can separate an intimal layer from a medial
laver, a medial laver from an adventitial layer, a sub-medial layer from a sub-medial layer, an

intimal and sub-medial layer from a sub-medial layer, efc.

{8314] The dissection assembly 100 can include an inper member 110, an inner sheath 140,
an outer member 170, and an outer sheath 190. The Inner member 110 can be slidably disposed
within a lumen 142 of the inner sheath 140, the tnner sheath 140 can be slidably disposed within a
lumen 172 of the outer member 170, and the outer member 170 can be slidably disposed within a
lumen 192 of the outer sheath 150, In some embodiments, the dissection assembly 100 does not
include an outer sheath 190, In a particular embodiment, the dissection assembly 180 does not
include an inner sheath 140, In some embodiments, the dissection assembly 100 can include a
guidewire (not shown). In such embodiments, for example, the guidewire can be slidably disposed

within a lumen 112 of the inner member 1146

[615] The outer sheath 190 can be configured to be slidably received by a delivery catheter,
such as any of the delivery catheter embodiments described in one or more of the Palents
incorporated by reference herein. One exemplary delivery catheter embodiment is described below
with reference to Figures 3A-30. In some embodiments the outer sheath 190 can be a solid tube
made of a polvmer and/or a metal, and in some embodiments the outer sheath 190 can have a mesh
or bratded construction and/or can have one or more portions that are stented, braided, slotted,
cotled, ete. The thickoess of the wall along the distal portion of the outer sheath 190 can be less
than the thickness of the wall along a proximal portion of the cuter sheath 190, o other
embodiments, the outer sheath 190 wall thickness generally does not vary along its length
Additionally, one or more portions of the outer sheath 190 and/or the entire length of the outer
sheath 190 can include muliiple layers to increase the strength and pushability of the assembly 100,

Inn those embodiments having varying thicknesses along the length of the outer sheath 190, one or
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more portions of the outer sheath can be tapered so that the outer sheath 190 can more casily dilate

or advance into narrow or tight passages, ostia, dissection planes, and/or vessel wall openings.

{3816] The outer member 170 can have a tapered distal portion 174, The lumen 172 of the
cuter member 170 can extend distally from a proximal portion of the outer member 170 fo an exit
port 176, The outer member 170 can serve at least two functions during tissue dissection. First, the
size and shape of the outer member 170 can help position the inner member 110 and the inner
sheath 140 such that the inner member 110 and inner sheath 140 exit through the exit port 176 at a
predeterroined height relative o the delivery catheter lumen {and thus relative to the vessel wall, as
described in greater detail below with respect to Figures 3A-3D3). Second, the tapered shape and
relatively high stiffness and/or hardness, among other material properties, of the outer member 170

enable the outer member 170 to dilate soft tissue apon engaging an opening in the tissue,

517} Figure 2A is an isolated, enlarged cross-sectional side view of a distal portion of the
inner member 110, and Figure 2B is an end view taken along line 2B-2B in Figure 2A, The inner
mernber 110 s configured to puncture the vessel wall (not shown) and be advanced within the
vessel wall while ejecting fluid to separate vessel wall tissue, thereby forming a dissection pocket
within the vessel wall, As used herein, the term "puncture” refers to an action that gains entry o an
interior portion of the vessel wall without crossing through the entire thickness of the vessel wall.
Referring to Figures 2A-2B together, the inner member 110 can have a tubular wall 111 with an
inner surface that defines a humen 112, a beveled or slanted distal face 122, and an exit port 124
positioned along the distal face 122, The lumen 112 is configured {o receive g fluid therethrough
and can have a proximal portion (not shown) coupled to a pressurized fluld source (e.g., a syringe, a
purnp, a mechanical fluid pressurizer, otc.). The lumen 112 extends distally from the proximal
portion 1o the exit port 124, and the inmer member 110 is configured {o ¢ject the fluid through the
exit port 124, The wall 111 can extend distally from the proximal portion of the inner member 110
to the distal face 122. The distal face 122 can have a distal-most edge 126 (shared with g distal
terminus of the wall 111) configured to puncture a vessel wall, and a proximal-oost edge 128 As
shown in Figures 2A-ZB, the distal-most edge 126 and the proximal-most edge 128 can be

positioned opposiie one another about g circumference of the imner member 110, In other
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embodiments, the distal-most edge 126 and the proximal-most edge 128 can have other

arrangements.

{3018} The exit port 124 can have a distal-most edge 133 and s proximal-most edge 138, and
can be offsel from a longifudinal axis A of the inner member 110, For example, as shown in
Figures 2A-2B, a central longitudinal axis CF of the exit port 124 is offset from a central
longituding] axis A of the inner member 110 such that the exit port 124 15 positioned along the disisl
face 122 closer fo the distal-most edge 126 than the proximal-most edge 128, Likewise, a distal
perpendicular distance dg (measured between the central longitudinal axis CP of the exit port 124
and a distal longitudinal axis DP running through the distal-most edge 126 of the distal face 132
can be less than a proximal perpendicular distance d; (measured between the central longitudinal
axis CP of the exit port 124 and g proximal longitudinal axis PP running through the proximal-most
edge 128 of the distal face 122). In some embodiments, the distal distance dg can be between
about 0.004 inches and about $.007 inches {e.g., 0.006 inches), and the proximal distance d, can be
between about 0.013 inches and about 0.815 inches {e.g.. 0.014 inches). ln a particular
embodiment, the ratio of the distal distance dy to the proximal distance d, can be between
about 30% and 50% (e.g., 32%, 30%, 41%, 47%, 48%, ctc.). In a particular embodiruent, the ratio

i3 between about 30% and about 45% {e.g., 42%, 43%,, 44%, etc)

16619] A portion of the wall 111 extending between the distal-most edpge 126 of the distal
face and the distal-most edge 135 of the exit port 124 can have a thickness tg of about 0.001 inches
to about $.003 inches {e.g., about (.0015 inches, about 8.002 inches, about 0.0023 inches, ¢ic.).
The exit port 124 can have an exit port diameter de, between about 0.002 inches and about 0.012
inches (e.g., 0.003 inches, 0.0042 inches, 0.0059 inches, 0.006 nches, 8.0073 inches, 0.008 inches,
0.009 inches, etc.). A portion of the wall 111 extending between the proximal-most edge 138 of the
exit port 124 and the proximal-most edge 128 of the distal face 122 can have a thickness ¢, between

about 0.008 inches o about 0.012 inches (e.g., about 0.0084 inches, about 0.010 inches, ete. ).

{8024 As shown in Figures 2A-28, the distal face 122 can have a distal portion {222 and a
proximal portion 122b, The distal portion 122a can extend between the distal-most edge 126 of the

distal face 122 and the distal-most edge 135 of the exit port 124, and the proximal portion 122b can
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extend between the proximal-most edge 138 of the exit port 124 and the proximal-most edge 128 of
the distal face 122. A length 1) of the proximal portion 122b can be greater than a length Iy of the
distal portion 122a,resulting in the exit port 124 being offset along the length of the distal face 122,
In some embodiments, the length 1y is one to three times as long as the length Iy and in some
embodiments, the length 1, is 1.5 to 2.5 times as long as the length Iy As such, the entire exit
port 124 is positioned nearer the puncturing edge 126 of the inner member 110 to provide greater

control over tissue dissection, as described in greater detail below with respect to Figures 3A-3D.

18021} In some cmbodiments, the jnner member 110 can include a guide-member 120
positioned within the humen 112 along all or a portion of its length. The guide-member 120 can
have a curved, ramped, proximally-facing surface 121 to guide the fluid from the lurmen 112 1o the
exit port 124, In a particular embodiment, at least a portion of the distal face 122 can be formed
from the distal-most surface of the goide-member 128, Although the embodiment of Figure 24
shows a guide-member 120 having e guide-member length GL that is less than an inner
mermber 110 length, in other embodiments the guide-member 120 can bave any suitable length,
including a length GL generally equivalent to the length of the inner member 110, As shown m
Figures 2A-2B, the guide-member 120 can be a separate compouent fixed to the wall 111 via
adhesive, soldering, welding, etc. In other embodiments, the guide-member 120 can be infegral
with the wall 111, For exaruple, during manufacturing, the wall 111 can be molded to include the
guide~-member 120. o other embodiments, the guide-member 120 can have other suitable shapes,
sizes, and/or configurations. For exaruple, in some embodiments, the guide-member 120 can have a
generally constant thickness along its length and can exiend along all or a portion of the inner

member 110,

18622} The inner member fumen 112 can have a first region 114, g second region 116, and a
third region 118, The first region 114 can be defined by the portion of the lumen 112 extending
between the distal-most edge 126 of the distal face 122 and the proximal-most edge 128 of the distal
face 122. The second region 116 can be defined by the portion of the lursen 112 extending between
the proxirsal-most edge 128 of the distal fuce 122 and a proximal terminus of the guide-
member 120, The third region 118 can be defined by the portion of the immer mewmber 110

extending between the proximal terminus of the guide-member 120 and a proximal region {not

-

.
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shiown) of the inner member 110, Together, the first region 114, the second region 116, and the
third region 118 can form the inner member lumen 112, The first region 114 can have a first
average diameter, the second region 116 can bave a second average diamster, and the third
region 118 can have a third average diaroeter  The first average diameter can be less than the
second average diavosier, and the second average diameter can be less than the third average
diarster  Although Figures 2A-2B show the first region 114 running generally parallel 1o the
longitudinal axis A of the inner member 110 and having a generally constant diameter, in other
embodiments, the first lumen 134 can have other suitable configurations {e.g., angled relative to the
fongitudinal axis A, having a varving diameter along its length, ete.}. Likewise, the second and
third inner dismeters can be the same or different along the lengths of the second and third

regions, 116, 118, respectively.

{6023} In some cmbodiments, the humen 112 does not include a second region 116, For
sxample, in some embodiments, the wall 111 can include a step increase (nol shown) between the
first region 114 and the third region 118 sach that the length of the secound region 116 is effectively
zera, Additionally, in some embodiments, the lumen 112 does not include g third region 118, For
example, jo some embodiments, the proximal termdnus of the guide-member 120 can generally

align with the proximal terminus of the inner member 110, [n such embodiments, the guide-
rmember 120 can gradueally taper in a proximal direction,

10241 it will be appreciated that any of the inner member 110 embodiments described herein
can be used regardless of the overal]l shape and/or configuration of the inner member 110, For
exartyle, all or portions of the inner member 110 can have a curved shape; o such embodiments,

the inner member 110 can still include a guide-member 120, tapered lumen, etc.

iL Methods of Lise

[B025] Figures 3JA-31) illustrate one example for using the dissection assembly 100 to dissect
vessel wall tissue. Figure 3A is a side partial cross-sectional view of one embodiment of a delivery
catheter 300 for delivering the dissection assembly 100 10 a dissection stie shown in an expanded
state and positioned within & vessel V. In Figurs 34, the delivery system 300 is shown slong with
the dissection assemnbly 100 and a visualization catheter 322, The delivery system 300 can include

g
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a dissection assembly lumen 310 configured to slidably receive the dissection assembly 100, an
open trough 312 having tissue engaging portions 314, a visvalization lomen 320 configured to
slidably receive the visualization catheter 322, an expandable element 332, and an expansion
fumen 330 coupled to the expandable element 332, In the expanded state, the trough 312 engages
the vessel wall VW and siretches the wall VW across the top of the tissue engaging portions 314,
This fixes the vessel wall VW tissue at a known height relative to the dissection assembly
fumen 310, As such, based on the configuration of the dissection assembly 100, the muer
member 110 can puncture the wall VW at a predetermined elevation afong the height of the wall, as

shown in Figure 3A.

16026] Although the delivery catheter 300 and dissection assembly 100 can work together to
ensure the initial wall puncture ocours at a desived elevation and angle, hydrodissection of the vessel
wall VW cannot ocour until the entire exit port 124 (Figures 2A-2B) of the inner member 110 is
within the vessel wall VW, This is because the pressurized fluid moving through the lumen 112
will take the path of least resistance; when only a portion of the exit port 124 is positioned within
the vessel wall, the ejected fluid encounters a large resisiance at the portion of the exit port in
contact with the vessel wall tissue, and only a very small resistance at the portion of the exit port
fluidly coupled to the vessel fumen. Conventional medical needles have beveled distal edges with
exit ports that span the full cross-sectional dimension of the distal face of the bevel (e.g.. the exat
port extends from the distal tip to the proximal heel of the bevel).  As such, before hydrodissection
can occur with a conventional needle, the entire diameter of the needle must be positioned within
the vesse! wall VW. As a result, the depth of vessel wall penetration is in part dictated by the
diameter of the needle. Choice of needle diameter, however, can be Hmiting, as the diameter of the
needle affects the pushability and rigidity of the needle, as well as the pressure with which a fluid
can be transferred through the needle lumen.  In those medical procedures involving dissection of
thin, fragile tissue, such as creating a valve leaflet from a vessel wall, it can be advantageous 1o
reduce the depth of penetration into the vessel wall for at least the following reasons: (1) the
shallower the penetration, the thicker the portion of the vessel wall left intact to support the leaflet
and to maintain hemostasis in the vessel, and (2) shallow penetration results in a thin, flexible flap
of issue that beiter imitates the dynamic properties of a native leaflet.

Ba
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{B8027] The dissection assembly 100 of the present technology overcomes the drawbacks of
conventional needles and provides additional advantages for dissecting vessel wall tissue.  As
shown in the enlarged view of the distal portion of the inner member 110 in Figure 3B, the guide-
member 120 resiricts the exit port 124 opening io the distal portion of the distal face 122, thus
allowing fhuid o begin flowing into the vessel wall and separating tissue layers {e.g.
hydrodissection) without the entire diameter of the inner member 110 being advanced into the
vessel wall VW, For example, the inner member 110 can dissect the vessel wall VW at a puncture
depth egual to the combined exit port diameter dg, and wall portion thickness t3 (Figure 24), thus
separating a thin flap F of vessel wall tissue from the vessel wall VW, For example, in some
embodiments, the puncture depth can be between about 1/4 to about 1/8 of the vessel wall thickness

{assuming an average vessel wall thickness of about 1 mm).

{60258] As fluid continues to flow out of the exit port 124 and into the newly creaied
dissection pocket DP, the pressurized fluid exerts a distal force (indicated by arrow L) on a distal
edge C of the dissection pocket. This distal force causes the tissue to separate at the edge C and
lengthens the dissection pocket DP.  Referring to Figures 3B-3C, as the dissection pocket DP
lengthens, the length of the thin flap ¥ of vessel wall tissue separated from the rest of the vessel
wall VW also increases such that the inner member 110 can be advanced distally (indicated by
arvow M in Figure 3B) within the dissection pocket [P at the same shallow elevation E as the initial

puncture, without necessartly having to contact the edpe C.

0629 Eventually, the fluid force against the distal edge € is not sufficient to countinue to
iengthen the dissection pocket DP. Despite the distal advancement of the inner member 118, the
dissection pocket DP begins to distend radially outwardly (as indicated by arrows O in Figure 3C,
as well as a direction inte and out of the page, which is not shown in the side view). Al this point,
the inner sheath 140 can be advanced distally over the inner member 110, as indicated by arrow N
in Figure 3C. As shown in Figure 3D, the blunt distal face 144 of the inner sheath 140 can engage
the tissue along the periphery of the dissection pocket DP and force the tissue apart at the edge C,
thereby lengthening the disseciion pocket DP.  Moreover, distal advancement of blunt distal
face 144 to g position distal of the punciuring edge 126 covers the puncturing edge 126 and protects

the tissue. Depending oo the procedural requirements, once the blunt distal face 144 of the inner
30~
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sheath is distal of the puncturing edge 126 of the inner member 110, the inner mewmber 110 (while
ejecting fluid or not) and the inner sheath 140 can continue to be advanced simultaneously within
the dissection pocket DP, the inner member 110 (while ejecting fluid or not) and the inner
sheath 140 can be advanced and/or withdrawn at different rates within the dissection pocket DP, the

tnner member 110 can be withdrawn, and/or the inner sheath 140 can be withdrawn.

16036] In some embodiments, the dissection assembly 100 can additionally or alternatively
include an elongated member (not shown) having a rounded, blunt distal portion that can be
advanced within the inner member 110 to a location such that the rounded distal portion is distal of
the distal-most or puncturing edge 126 and thus protects the tissue in the dissection pocket from the

punctaring edge 126,

I Selected Embodiments of Pressure Monitoring Devices and Methods of Lise
8631 In some embodiments, the dissection assembly can further include a pressure sensor

{not shown) and/or the pressurized fluid source can include a pressure sensor. The pressure sensor
can indicate to the clinician the position of the inner member 110 during a dissection procedure, for
exarople, and thus inform the clinician on dissection status. Figure 4 is a graph showing pressure
versus tme during a dissection procedure. At 1=0, the pressurized fluid source is coupled 1o the
inner member 110 and activated {e.g., by depressing a plunger on a syringe, rotating a knob on an
indeflator, a pump is turned on, eic.} to begin pushing fluid through the inner member fumen 112
{(Figure 2A) at a generally constant rate. As indicated by time period 402, pressure within the inner
member 110 andfor fhiid source immediately increases as the finid moves through the lumen 1172
towards the exit port 124, Once the fluid reaches the exit port 124 and contacts the bodily fluid
{e.g., blood) present in the vessel lumen, the pressure generally stabilizes, as indicated by time
period 404, At some point, the inner member 110 is advanced distally such that the distal-edge 120
contacts the vessel wall and gains eniry to an interior portion of the vesse] wall, As the inner
member 110 is further advanced within the vessel wall, the vessel wall tissue covers a portion of the
exit port 124, As e result, the pressure begins to increase, as indicated by the start of tume
period 406, As the inner member 110 continues to move distally, the portion of the exit port 124

covered by the vessel wall tissue increases which results in a coutinued increase in the roomtored

-11-
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pressure {(as shown during 406).  Eventually, the ioner member 110 advances distally enough that
the vessel wall covers the entire cross-sectional dimension of the exit port 124, At the moment the
gutire cross-sectional dimension is first covered, the pressure reaches a maximuom value 410
Immediately thereafier, the fluid leaving the exit port 174 exerts enough pressure on the fissue
adiacent the exit port 124 to force the tissue to separate {e.g., dissection begins), thereby creating a
sroall pocket at the exit port 124, As the tissue separates the pressure decreases, as indicated by

{ime period 408,

(632} The dissection assembly 100 of the present technology can include a display {(not
shown) that informs the clinician of the dissection status of the procedure based on the monitored
pressure,  Such a feature can be advantageous for several reasons. First, real-time pressure data
allows the clinician to adjusi the pressure of the ejected fluid as needed. For example, the clinician
may choose 1o approach the vessel wall at a first pressure p;, but decrease the pressure to a second
pressure p once the vessel wall tissue begins to separate. Second, real-time pressure data can be
one way in which the clinician tracks the size of the dissection pocket. For exarople, the clinician
can use the pressure data to delermine the position of the nner member 110 and/or inner sheath 140
at the moment hydrodissection begins (e.g., arcund 410), and then measure the distance inner
member 110 and/or sheath 140 moves thereafter to estimate the length of the dissection pocket.
Third, real-time pressure data can alert the clinician as to any abnormalities in the procedure, For
exarple, a pressure increase 406 that is not followed by a decrease 408 in an expected amount of
time can alert the clinician that the exit port 124 may be covered by a particularly fibrous or
caleified portion of the vessel wall, Likewise, a decrease in pressure 408 that occurs too guickly
and/or drops to a pressure value below a predetermined value can alert the clinician that the fnner
member 110 has pierced completely through the vessel wall or has entered back into the vessel
hurnen.  In either scenario, the clinician could then move the delivery system fo a more suitable

portion of the vessel for dissection.

16333] In some embodimenis, the dissection assembly 100 and/or pressure sensor can be
coupled to a console {not shown) that displays a plot of pressure versus fime. In a particular
embodiment, the pressure sensor can be coupled a controller {(not shown)} associated with the

console. The controller can include memory and processing circuitry that include one or more
~12-
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algorithms for automatically monitoring and analyzing the presswe data.  For example, the
controller can monitor the real-time pressure data and look for changes in pressure and/or absolute
pressure readings outside of predetermined thresholds. Based on the analysis, the controller can
alert the clinician as to the status of the dissection. For example, the controller might trigger a green
Hight to flash (vot shown) on the handle or on a screen at the point of puncture, Many other potential
indicators or warnings could similarly be activated by such a controller. In other embodiments, a
proximal poriion of the dissection assembly 100 and/or delivery catheter 300 can include a pressure

gauge that displays the pressure data.

V.  Further Examples
6634} The following examples are illustrative of several embodiments of the present
technology:

I. A dissection device, compristag:

a tubular slongaied member having a lumen therethrough, wherein the elongated member
ncludes—

a proximal region configured to be positioned external to a human patient and a
distal region configured io be intravascularly delivered to a blood vessel and
positioned within a blood vessel wall, wherein the distal region mcludes an
angled distal face having a distal-most edge configured to puncture the vessel
wall and a proximal-most edge; and

an exit port located along the distal face and in fluid communication with the humen,
wherein a central longiiudinal axis of the exit port is offset from a central
longitudinal axis of the elongated member such that the exit port is positioned
along the distal face closer to the distal-most edge than the proxiumal-most

edge.

2. The device of example 1, further including—

4
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a first distance between the central longitudinal axis of the exit port and a tongitudinal axis
running through the distal most-edge, the first distance being perpendicular to the
central longitudinal axis of the exit port and the longitadingl axis of the distal-most
edge;

a second distance between the central longitudinal axis of the exit port and a longitadingl
axis yunping through the proximal-most edge, the second distance being
perpendicular to the ceniral longitudinal axis of the exit port and the longitudinal axis
of the proximal-most edge; and

wherein the fivst distance is shorter than the second distance,

3. The device of example 2 wherein the first distance iz between about 35% and

about 45% of the second distance.

4. The device of any of examples 1-3 wherein the elongated member is configured to

he received by a tubular sheath.

5. The device of any of examples 1-4 wherein the dissection assembly is configured to
be coupled to a pressurized fluid source such that inner member is configured to eject the fluid

through the exil port 1o separate the vessel wall into two or more portions.

a. The device of any of exampies 1-5 wherein the proximal-most edge of the distal face

is opposite the distal-most edge of the distal face about the cireumference of the elongated member.

7. The device of any of examples 1-6 wherein the elongated mewber fncludes—

a first lumen region having a diameter that decreases along at least a portion of its length;

a sceond lumen vegion proximal of the first luinen region, the second lumen region having a
diameter that remains generally constant along its lengthy

wherein the first lumen region and the second fumen region together comprise the hunen;
and

“14
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wherein the diameter of the second lumen region is greater than an average diameter of the

first lumen region,

&. The device of any of examples 1-0 wherein the elongated member includes

an exit port hursen region having g generally constant diameter along its length, wherein the
diameter of the exit port lumen region s generally equal to a diameter of the exit
port;

a proximal lumen region proximal of the exit port humen region, the proximal lumen region
having a diameter that generally remains constant along its length;

wherein the extt port lumen region and the proximal lumen region together cornprise the
fumen; and

wherein the diameter of the proximal lumen region is greater than the diameter of the exit

port huwen region.

G, The device of any of examples 1-6 wherein the elongated member includes—

a first lumen region having a generally constant diameter along ifs length, wherein the
diameter 18 generally equal to a diameter of the exit port;

a second lumen region proximal of the first himen region, the second lumen region having a
diameter that decreases along at least a portion of Hs length;

a third lumen region proximal of the second lumen region, the second lumen region having a
diameter that remains generally constant along #4s length;

wherein the first, second, and thind lumen regions together comprise the lumen; and

wherein the diameter of the first lumen region is less than an average diameter of the second
tumen region second lumen region, and the average diameter of the second humen

region is less than an average diameter of the first lumen region,

13, The device of any of examples 1-6 wherein the exit port defines an exit port
diameter, and the lumen defines an inner diameter, and wherein the lumen inner diameter and the

exit port diameter are generally the same slong the length of the elongated member,
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i1 A device for dissecting a wall of a blood vessel, the device comprising:
an elongated tubular member having a lumen thersthrough, wherein the elongated member
includes—
a proximal region configured to be positioned external to a human patient aud a
distal region configured to be imtravascularly delivered to the blood vessel
and positioned within the blood vessel wall, the distal region including a
slanted distal face having a proximal-most edge, a distal-most edge opposite
the proximal-most edge, and an exit port positioned along the distal face
between the proximal-most edge and the distal-most edge; and
a guide-member positioned within the lumen and forming at least & portion of the
distal face, wherein the guide-member is positioned between the exit port and
the proximal-most edge of the distal face such that the exit port is offset from
a central longitudinal axis of the elongated member towards the distal-most

edge.

12, The device of exaraple 11 wherein the guide-member has a thickness that decreases

in a proximal direction.

3. The device of example 11 or example 12 wherein the guide-member has a slanted
proximal portion and a distal portion that is generally parallel to a longitudival axis of the elongated

member,

14. The device of any of examples 11-13 wherein the elongated member includes—

g first section extending between a distal-most edge of the distal face and a proximal
terminus of the guide-member, wherein the lumen has a first diameter along the first
seciion; and

a second section extending between the proximal terminus of the guide-member and the
proximal region of the elongated member, wherein the humen has a second diameter

along the second section that is greater than the first diameter,

~16-
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15, The device of any of examples 11-14 wherein the elongated member is configured to

be received by a tubular sheath

16, The device of any of examples 11-15 wherein the distal-most edge of the distal face

is configured to puncture vessel wall tissue,

17.  The device of any of examples 11-16 wherein the dissection assembly is configured
to be coupled to a pressurized fluid source such that the inner member is configured to eject the

fludd through the exit port to separate the vessel wall into two or more portions.

18, A dissection assembly for separating two or more portions of 8 blood vessel wall, the
dissection assembly comprising:
an elongated ouler member;
a sheath positioned within the outer member; and
an elongated inner member positioned within the sheath, the inner member having a beveled
distal portion configured 1o puncture the blood vessel wall and eject a flnid mto the
blood vessel wall, wherein the distal portion includes a distal face and an exit port
positioned along the distal face, wherein the distal face has—
a first portion extending distally from a distal-most edge of the exit port along the
distal face 1o a distal-most edge of the distal face,
a second portion extending proximally from a proximal-most edge of the exit port o
a proximal-most edge of the distal face, and

wherein a length of the second portion is greater than a length of the first portion.

19.  The dissection assembly of example 18 wherein the outer member, the sheath, and

the inner member are configured to moved axially relative to one another.

20, The dissection assembly of example 18 or example 19 wherein the outer member has
a tapered distal portion configured to separate vessel wall tissue.

17
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21, The dissection assembly of any of examples 18-20 wherein the sheath is an inner
sheath, and wherein the dissection assembly further comprises an outer sheath disposed arcund the

outer member.

22 The dissection assembly of anv of examples 18-21 wherein the sheath i3 an inmer
sheath, and wherein the dissection assernbly further comprises an outer sheath disposed around the

outer member, the cuter sheath configured fo be received by a lumen of a delivery catheter.

23, A method for separating two or more portions of a vessel wall, the method
comprising:

intravascularly delivering a dissection assernbly {o a dissection site adjacent the vessel wall,
wherein the dissection assembly includes an elongated tubular member having a
slanted distal face and an exit port positioned along the distal face;

forming an opening in the vessel wall with the elongated member;

advancing the exit port through the opening; and

separating vessel wall tissue by gjecting fhuid through the exit port while a portion of the

distal face remains outside of the opening.

24, The method of example 23, further comprising forming a dissection pocket within

the vessel wall.

25, The method of example 24, further comprising lengthening the dissection pocket by

advancing the e¢longated member distally within the dissection pocket.

26, The method of exarnple 25 wherein advancing the elongated member distally within

the dissection pocket occurs while ejecting fluid through the exit port.

27. The method of example 24 wherein the dissection assembly further comprises a
sheath disposed around the elongated member, and wherein the method further comprises

18-
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lengthening the dissection pocket by advancing the sheath over the elongated member such that a
distal portion of the elongated member engages a periphery of the dissection pocket to force vessel

wall tissue to separaie at a disial edge of the dissection pocket.

28, The method of example 23 wherein forming an opening in the vessel wall ocours

while ejecting fluid from the exit port.

29, The method of example 23 wherein the elongated member is an ioner elongated
merber, and the dissection assembly further includes a sheath disposed around the inner elongated
member and an outer clongated member disposed over the sheath, the method further comprising

distally advancing the outer member over the sheath and through the opening,

30.  The method of example 23 wherein the elongated member is an inner elongated
member, and the dissection assembly further includes an inner sheath disposed around the mner
elongated member, an outer elongated member disposed over the inner sheath, and an outer sheath
disposed over the outer elongated member, wherein the method further comprises—

distally advancing the outer member over the inner sheath and through the opening; and

distally advancing the outer sheath over the outer member and through the opening.

Y, Conclusion

10835] Although the invention has been described in terms of particular embodiments and
applications, one of ordinary skill in the art, in light of this teaching, can generate additional
embodiments and roodifications without departing from the spirit of or exceeding the scope of the
exampled invention, Accordingly, it is to be understood that the drawings and descriptions herein
are proffered by way of example to facilitate comprehension of the invention and should not be

construed to lmit the scope thereof

10,
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CLAIMS
FWe claim:
i A dissection device, comprising:

a tubular clongated member having a lumen therethrough, wherein the elongated member
inchades—

a proximal region configured to be positioned external to a human patient and a
distal region configured to be intravascalarly delivered to a blood vessel and
positioned within a blood vessel wall, wherein the distal region includes an
angled distal face having a distal-most edge configured to puncture the vessel
wall and 8 proximal-most edge; and

an exit port located along the distal face and in fluid communication with the humen,
wherein a central longitudinal axis of the exit port is offset from a central
longitudinal axis of the elongated member such that the exit port is positioned
along the distal face closer to the distal-most edge than the proximal-most

edge.

2. The device of claim 1, further including—

a first distance between the central longitudinal axis of the exit port and a longitudinal axis
runuing through the distal most-edge, the first distance being perpendicular to the
central longitudinal axis of the exit port and the Jongitudinal axis of the distal-most
edge;

a second distance between the central longitudinal axis of the exit port and a longitudinal
axis rumming through the proximal-most edge, the second distance being
perpendicular to the central longitudinal axis of the exit port and the longitudinal axis
of the proximal-most edge; and

wherein the firsi distance 1s shorter than the second distance.
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3. The device of claim 2 wherein the first distance is between about 35% and

abhaut 45% of the second distance,

4. The device of claim 1 wherein the elongated member is configured {o be received by

a tubular sheath.

5. The device of claim 1 wherein the dissection assembly is configured to be coupled to
a pressurized flnid source such that inner member is configured to eject the fluid through the exit

port o separate the vessel wall into two or more portions.

6. The device of claimn 1 wherein the proximal-most edge of the distal face is opposiie

the distal-most edge of the distal face about the circumference of the elongaied member,

7. The device of claim | wherein the elongated member includes—

a first lumen region having a diameter that decreases along at least a portion of its length;

a second lumen region proximal of the first lumen region, the second luwen region baving a
diameterrthat remains generally constant along its fength;

wherein the first lumen region and the second lumen region fogether comprise the lumen;
and

wherein the diameter of the second humen region is greater than an average diameter of the

first lumen region,

g. The device of claim 1 wherein the elongated member inchudes

an exit port lumen region having a generally constant diameter along its length, wherein the
diameter of the exit port lumen region is generally equal to a diameter of the exit
PO

a proximal lomen region proximal of the exit port jumen region, the proximal lumen region

having a diameter that generally remains constant along its lengthy
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wherein the exit port lumen region and the proximal himen region together comprise the
hamen; and
wherein the diameter of the proximal lumen region is greater than the diameter of the exit

port lurmen region.

9. The device of claim { wherein the elongated member includes—

a first hapen region having a generally constant diameter along its length, wherein the
diameter is generally equal to a diameter of the exit port;

a second lumen region proximal of the first lumen region, the second lumen region having a
diameter that decreases along at least a portion of its length;

a third lumen region proximal of the second lumen region, the second humen region having a
diameter that remains generally constant along its length;

wherein the first, second, and third lamen regions together comprise the lumen; and

wherein the diameter of the first lomen region is less than an average diameter of the second
fumen region second lumen region, and the average diameter of the second lumen

region is less than an average diameter of the first lumen region.

10, The device of claim 1| wherein the exit port defines an exit port diameter, and the
fumen defines an inner diameter, and wherein the lumen inner diameter and the exit port diameter

are generally the same along the length of the elongated member,

11, A device for dissecting a wall of a blood vessel, the device comprising:
an elongated tubular member having a lumen therethrough, wherein the elongated member
includes——
a proximal region configured to be positioned external to 2 human patient and a
distal region configured fo be intravascularly delivered to the blood vessel
and positioned within the blood vessel wall, the distal region jncluding a

slanted distal face having a proximal-most edge, a distal-most edge opposite
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the proximal-most edge, and an exit port positioned along the distal face
hetween the proximal-most edge and the distal-most edge; and

a guide-member positioned within the lomen and forming at least a portion of the
distal face, wherein the guide-member 18 positioned between the exit port and
the proximal-most edge of the distal face such that the exit port 18 offset from

a central longitudinal axis of the elongated member towards the distal-most

edge,
12, The device of claim 11 wherein the guide-member has a thickness that decreases in g
proximal direction.
13, The device of claim 11 wherein the guide-mersber has a slanted proximal portion

and a distal portion that is generally parallel o & longitudinal axis of the elongated member.

i4.  The device of claim 11 wherein the clongated member includes—

a first section exiending between a distal-most edge of the distal face and a prowmal
terminus of the guide-member, wherein the humen has a first diameter along the first
section; and

a second section extending between the proximal terminus of the guide-member and the
proximal region of the elongated member, wherein the lumen has a second diameter

along the second section that is greater than the first diaweter.

15, The device of claim 11 wherein the elongated member s configured 1o be received

by a tubular sheath,

16, The davice of claim 11 wherein the distal-most edpe is configured to puncture vessel

wall tissue,
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17. The device of claim 11 wherein the dissection assembly is configured to be coupled
to a pressurized fluid source such that the inner member is configured to gject the fuid through the

exit port to separate the vessel wall into two or more portions.

18. A dissection assembly for separating two or more portions of a blood vessel wall, the
dissection assembly comprising:
an clongated outer member;
a sheath positioned within the outer member; and
an elongated inner member positioned within the sheath, the inner member having a beveled
distal portion configured to puncture the blood vessel wall and eject a fluid into the
blood vessel wall, wherein the distal portion includes a distal face and an exit port
positioned along the distal face, wherein the distal face has—
a first portion extending distally from a distal-most edge of the exit port along the
distal face io a distal-most edge of the distal face,
a second portion extending proximally from a proximal-most edge of the exit port to
a proximal-most edge of the distal face, and

wherein a length of the second portion is greater than a length of the fivst portion.

19, The dissection assembly of claim 18 wherein the omter member, the sheath, and the

inner member are configured to moved axially relative to one another.

20.  The dissection assembly of claim 18 wherein the outer member has a tapered distal

portion configured to separate vessel wall tissue.

21 The disseciion assembly of claim 18 wherein the sheath is an inner sheath, and
wherein the dissection assembly further comprises an outer sheath disposed around the outer

member.
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32, The dissection assembly of claim 18 wherein the sheath is an inwer sheath, and
wherein the dissection assembly further comprises an outer sheath disposed around the outer

member, the onter sheath confignred to be received by a humnen of a delivery catheter,
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