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ANCHORING MECHANISMS AND SYSTEMS FOR ENDOLUMINAL DEVICES

REFERENCE TO RELATED APPLICATIONS
[Baa1] Any and all applications for which a foreign or domestic priority claim
1s identified in the Application Data Sheet as filed with the present application are herchy
incorporated by reference under 37 CFR 1.57. This application claims priority to U.S.
Provisional Patent Appleation No. 61/973142, filed March 31, 2014 (Atty. Ref No.
SPIRTN.106PR). The entire disclosure of the foregoimg application 1s hereby made part
of this specification as if set forth folly herein and ncorporated by reference for all

purposes, for all that each contain,

BACKGROUND
Field
[0642] This disclosure relates to anchoring mechanisms for devices used
nside lung airways.
Related Art
[Baa3] Strats having anchors are typically used to anchor devices used inside

airways to lungs. However, provided herein are devices and methods that can help

anchor devices used inside airways to tungs using springs, for example.

SUMMARY
10684] The present technology relates to anchoring mechanisms and systems
for cndolununal devices.
[6685] A mechanism for anchoring endoluminal devices to 2 lumen can

comprise a bub member. The hub member can be configured o be located at a
predetermined location inside the lumen. The mechanism can comprise a plurality of
anchoring struts. The plurality of anchoring struts can comprise a spring portion. The
spring portion can be attached to the hub member. The spring portion can be configured
to extend or contract during expansion and contraction of the lumen. The mechanism can
comprise an anchoring portion. The anchoring portion can counect the spring portion {o
the lumen. The anchoring portion can be configured to penctrate a portion of the lumen.
The hub momber can be positioned on a plane with the anchoring portions of the phurality

of anchoring struts,
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16086] The anchoring portion can comprise a bi-dircctional anchoring tip,
The bi-directional anchoving tip can comyprise a first tip pointed to a first divection.  The
bi-directional anchoring tip can comprise a second tip pointed to a second direction at an
angle from the first direction. At least a portion of the first tip can ponetrate the Jumen in
a transverse direction fo the lomen. The plurality of anchoring struts can comprise equal
lengths.

10647] Each of the spring portions of the plurality of anchoring struts can
cxtend radially outward from the hub member. Each of the spring portion of the plurality
of anchoring struts can comprise a helically coiled spring. Each of the spring portion of
the plurality of anchoring struts can comprise bent strut members configured to straighten
during expansion of the lumen and bend during contraction of the lumen.

0888] The bent sirut members can comprise a vortex shape when viewed
along a longitudinal axis of the lomen. The bent strut members can comprise a spiral
shape when viewed along a longitudinal axis of the lumen. Each of the bent strut
members can comprise undulating strut members having 3 substantially straight shape
when viewed in a transverse direction.

{8389] The bent strut members can comprise one or more thin portions and
one or more thick portions thicker than the thin portions. The hub member can comprise
a first hub and a second b collinear and connected to the first hob., The plurality of
anchoring struts can be comnected to the first hub.

{80144 An endoluminal device can comprise an operative portion.  The
operative portion can be configured to obstruct fhid flow inside the lumen. The
endohuminal device can comprise a hub member. The hub member can be connected to
the operative portion. The hub member can comprise a hub and a centering rod. The
endoluminal device can comprise a plurality of anchoring struts.  The pluwality of
anchoring struts can comprise a strut portion. The strot portion can be attached to the hub
member. The strut portion can be configured to expand and contract in response to
expansion and contraction of the hmnen.  The anchoring portion can comnect the
deflectable portion to the lumen. The hub member can substantially remain on or near an
axial line of the lumen during movement of the lumen.

HTHRY The strut portion can be connected to a shiding hub configured to shide

along a length of the centering rod.  The plurality of anchoring struts can conprise a
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plurality of quadrilateral-shaped members. Each of the guadrilateral-shaped members can
Hie on a separate plane parallel to a longitudinal axis of the device.

{6612] A mechanism for anchoring endoluminal devices to a lumen can
comprise a hub member. A plurality of distal anchoring struts can be connected to the
hub member. The plurality of distal anchoring struts can extond radially and distally
from the hub member and bend in & proximal direction. Each of the plurality of distal
anchoring struts can corprise anchoring tips. The mechanism for anchoring endoluminal
devices can comprise a pharality of opposing anchor struts.  The plurality of oepposing
anchoring struts can be connected to the hub member.  The plurality of opposing
anchoring strts can extend proximaltly and radially from the bub member and bend ina
distal direction. FEach of the plurality of opposing anchor strufs can comprise opposing
anchor tips. The distal anchoring struts and the opposing anchoring struis can be
configured to pinch a portion of the lumen.

{6613] A mechanism for anchoring endoluminal devices to 2 lumen can
comprise a hub member. A phurality of anchoring strots can extend radially outward and
distally from the hub meomber. Each of the phlurality of anchoring struts can be configured
to transition from a straightened configuration fo 8 curved configuration when deployed
in the lumen. Each of the plurality of anchoring strués can have a length when in the
straightened configuration. The length of onc or more of the plurality of anchor struts in
the straightened configuration can be at least 1.5 times the fully expanded diameter of the
humen.

10814] A mechanism for anchoring endoluminal devices to a lumen can
comprise an operative portion. The operative portion can comprise a phuahty of frame
struts. Each frame strut can comprise a frame strut tip. A hub member can be comnected
to a distal end of the operative portion. A plurality of distal anchoring strots can extend
radially from the kub member and bend in a proximal direction. Each distal anchoring
strut can comprise an anchoring tip. The anchor tips can be positioned between the hub
member and the frame strut tips. The frame strot tips and the anchoring tips can be
interposed when viewed in a transverse direction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0815) The following drawings and the associated deseriptions are provided to

illustrate the present disclosure and do not lmit the scope of the claims.
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16016} FIG. 1 shows a schomatic drawing of an cxample of a spring-type
anchoring mechanism.

10017} FIG. 2 shows a schomatic drawing of an cxample of a spiral-type
anchoring mechanism.

[0818] FIGS. 3A and 3B show perspective views of an example of a vortex-
type anchoring mechanism.

168197 FIGS. 4A and 4B show a schematic drawing of an example of a wave-
type anchoring mechanism.

108267 FIGS. 5A and 5B show a schematic drawing of an example of a wave-
type anchoring mechanism having bends near the hub.

{0821 FIG. 6 shows a perspective view an example of a wave-type anchoring
mechanism with proximal strots.

80221 FIGS. 7A and 78 show schematic drawings of examples of anchoring
mechanisms having diamond-shaped anchoring struts.

[B823] FIGS. 8A and 8B show schematic drawings of an example anchoring
mechanism having bowtic-shaped anchoring struts.

[B824] FIGS. 9A and 9B show perspective views of an example of a pinch-
type anchoring mechanism.

[8325] FIG. 10 shows a schematic drawing of an oxample of an clongated
anchoring strut mechanism.

{B026] FIG. 11 shows an example shape of 4 pinch-type anchoring mechanism
having clongated distal anchors.

160271 FIGS. 124 to 12C show an cxample of a pinch-type anchoring
mechanism having clongated distal anchors with an operative portion.

{0028 FIGS. 13A to 13C show different views of an example of a bi-
directional anchoring tip.

{6029] FIG. 14A to 14C show an example of an anchoring mechanism baving
interposing anchors.

180361 FIG. 15A and 158 show an example of an clastic connecting portion.

{80311 FIG. 16A and 168 show an example of an elastic connecting portion
used in a branching lumen.

{8332 These and other features will now be described with reference to the

drawings summarized above. The drawings and the associated descriptions are provided
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to illustrate embodiments and not to hmit the scope of any claim.  Throughout the
drawings, reference numbers may be reused to indicate corvespondence between
referenced elements.

DETAILED DESCRIPTION OF EMBODIMENTS

16033] Certain anchoring mochanisms for devices used inside airways 1o lungs
can have anchoring struts that can apply an outward force to a lumen (e.g., a lung
attway). Such anchoring mechanisms can allow devices to be securely positioned during
expansion and contraction of the lumen. Anchoring mechanisms can enter the lunien in a
compressed state when devices having valves are being inserted into the lomen, Outward
force of the anchoring mechanism can allow the anchoring mechanism to reach its fully
cxpanded state during operation within the lumen. The outward force can maurdain a
slight outward pressure on the lumen during exhalation.

16634] In some cases, the outward force of the anchors can deform the lumen
walls. For example, the cutward force can push the lumen walls radially outward from a
central axis of the lumen. Expansion of the anchors and/or deformation of the lumen
walls can cause an operative portion {e.g., & valve portion) of the device to be pulied
towards the anchors {c.g., in a distal dircction} as the anchors move outward and away
from the axis of the lumen. Such “settling” of the anchors and operative portion of the
device can occur gradually or quickly, depending on the geometry, clasticity, and/or other
features of the lumen in which the device is implanted.

{B035] Pulling of the operative portion during lumen expansion can cagse the
operative portion to move longitadinally from its imitial placement position. The
dimensions of the device can be calibrated to account for such movement before placing
the device in the lumen. Soch calibration can be done by, for example, adjusting the
placement of the operative portion {e.g., by placing the operative portion proximal of the
intended final location), though a precise adjustment to accovnt for the movement can be
difficult. In some cases, movement of the device oecurs over a time period beyond which
the physician can reasonably observe using a8 visoalization device such as a
bronchoscope. In some cases, it can be difficult for the physician to approximate the final
resting place of the device. A displacement of a device resubting from the bodily
movement can result in unwanted side-branch ventilation due to the sealing portion being
moved from its original position, which can compromise the effectiveness of such

devices. In some cases, the valve of 2 device can become over-compressed when moved
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(e.g., in a distal direction). In some cases, the valve of a device can be moved to a portion
of a lumen larger than the valve, thereby redacing or eliminating the efficacy of the valve.

{B036] Some mechanisms use stent anchoring designs that can overpower the
tumen wall and press against the lumen wall to about the full diameter of the device.
Such mechanisms can bocorge affixed to the final resting position in the Jumen
immediately upon placing the device iuside the lumen. However, such mechanisms can
present problems over time because those mechanisras may not adjust properly with the
expansion and contraction of airways to lungs caused by breathing. The tissue of the
lumen may remodel to accommodate the device diameter, possibly causing the device 1o
be leosened and/or coughed out,

{06371 Disclosed hercin are anchoring mochanisms that can track the
movement of a lumen wall (¢.g., dwring breathing and/or coughing) and can allow the
sealing portion of a valve to remain at a substantially consistent position in the airway as
the anchoring mechanisms transition {0 a final resting position. In some cases, the
anchoring mechanisms apply a vortexly expanding cutward force with fittle or no axial
component to the lumen wall. In some cascs, the anchoring mechanisms apply a force
with an axial vector in the proximal direction o push the device in the proximal direction
as the lumen fengthens {(¢.g., during re-expansion of a collapsed lung).

Spring-type anchoring mechanism

{B038] An anchoring mechanism that can adapt to change in lumen
dimensions can be used to place a medical device to 8 lumen. The medical device can be
an endoluminal medical device. The endoluminal medical device used with an anchoring
mechanism can include, for example, stents, sensors, valves, etc. The humen can inclode,
for example, veins, airways, digestive tracts, etc. FIG. | shows a schematic transverse
cross-sectional view of an example shape of a spring-type anchoring mechanism ased
inside a lomen. The spring type anchoring mechanism 100 can comprise a hub 120 and a
phurality of spring-type anchoring strots 130, The spring-type anchoring struts 130 can
comprise an anchoring tip 140

160391 The hub 120 can be a collet configured to bundle the plurality of
spring-type anchoring strats 130, The hub 120 can comprise a centering rod and a
forceps knob, not shown. The spring-type anchoring struts 130 can be arranged radially
from the hub 120. The spring-type anchoring struts 130 can comprise cotled springs, bent

springs, or other expandable geometries and configurations.  The anchoring struts 130
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used in the spring-type anchoring mechanism 100 can comprise an elastic structure
configured to expand or contract according to the movement of the fumen. For example,
the plurality of anchoring struts 130 can comprise an expansion spring, such as the
spring-type anchoring mechanism shown schematically in FIG. 1. In some embodiments,
the anchoring struts 130 are formed as compression springs.

16840] The anchoring tip 140 car be counfigured to removably attach to the
tumen 110, To some embodiments, the anchoring tip 140 can be contigured to penetrate a
portion of the hamen 110, For example, the anchoring tip 140 can corprise a tapered
shape. The anchoring tip 140 can conprise a tirst piercing mechanism. The first piercing
mechanism can comprise a shank.  The anchoring tip 140 can comprise an anchor
projection 150, The anchor projection 150 can comprise a sccond piercing mechanism
forming an angle with the spring-type anchoring struts 130, For example, as shown
schematically in FIG. 1, the anchor projection 150 can form about 2 90 degree angle from
the radivs of the lumen 110, The anchor projection 150 can form an angle less than 90
degroes, about 75 degrees from the radius of the lumen, for example. The anchor
projection 150 can comprise a tack. The anchor projection 150 can be configured to
allow the anchoring tip to pevetrate a portion of the lumen 110, For example, the anchor
projection 150 can have a length cqual 1o or less than about 2 times the diameter of the
anchoring struts,

{6041] In some embodiments, the anchor projection 150 is configured to himit
degree of penctration of the anchoring tip 140. For example, the anchor projection 150
can comprise an additional pad portion pointing in 8 vertical {c.g., circumterential)
direction with respect to the hub 120. The anchor projection 150 can be positioned to rest
against an imner surface of the fumen 110 to inhibit or prevent penctration of the
anchoring tip 140 beyond a predetermined distance.

{80421 Dimensional changes of the lomen 110 can include changes in
longitudinal dimension and changes in radial dimension. The lumen 110 can comprise a
largest fully expanded diameter and a smallest fully contracted diameter. The plurality of
spring-type anchoring struts 130 can extend radially from the hub 120 to contact the
himen 110, Each of the struts 130 can have an extended length {e.g., a length to which
the struts 130 extend if unobstructed). In some embodiments, the extended length of the
struts is greater than an expanded radius of the humen 110 in which the struts 130 are

deployed. In some embodiments, the extended length of the struts 130 is greater than 1.1
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times, greater than 1.25 times, greater than 1.4 times, greater than 2 times, and/or greater
than 4 times the expanded radius of the fumen 100, Many variations are possible.

{B043] The length of the phwality of spring-type anchoring struts 130 can
comprise a cotled length (e.g., 2 mintmum length the struts 130 can assume when the
struts 130 arc compressedy. In some cmbodiments, the coiled length of the struts 130 15
less than the radins of the lumen 110 in the smallest fully condracted diameter of the
lamen 110, For example, the coiled length of the struts 130 can be less than about 0.9
times the contracted diameter, less than about 0.75 times the comiracted diameter, less
than 0.6 times the contracted diameter, and/or less than about 0.5 times the condracted
diameter of the lumen 106, Many variations are possible.

16044 The spring type sochoring mechanism 100 can comprise am cven
number of spring-type anchoring struts 130. For example, as shown in FIG. 1, the spring
type anchoring mechanism 100 can comprise six spring-type anchoring sinuts 130, An
cven mumber of spring-type anchoring siruts 130 can be used, for example, to counteract
cxpansion and/or contraction forces of opposing spring-type anchoring struts 130, In
some crbodiments, the anchoring mechanism 100 inciudes an odd number of anchoring
struts 130

{0045] The spring-type anchoring struis 130 can comprise varying lengths.
For example, two or more spring-type anchoring struts 130 can have an equal length and
a third spring-type anchoring strat 130 can have a length greater than or equoal to the other
two. In some cases, each of the struts 130 has a different length,

[6846] The hub 120 can be disposed on or pear the longitudinal axis of the
himen {10 when the anchoring mechanism 100 is deployed. The spring-type anchoring
struts 130 can at least partially uncoil during expansion of the lumen 110 and maintain
contact with the lamen 110, The spring-type anchoring struts 130 can coil dwring
contraction of the lumen 110 and apply a radial outward force to the lumen 110,

{68471 The struts 130 can be configured to maintain the hub 120 in a
relatively stable position along a length of the lumen 110 in which the anchoring
mechanism 100 before and/or afier settling (e.g., expansion of the airway due o outward
force of the struts 130} of the anchoring mechanism 100, The longitudinal movement
{e.z., movement along a length of the lumen 110) of the hub 120 during and/or before

settling can be Hmited to be within about 1 mm.  The movement of the hub 120 can be
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Hmited to be, within about 2 mm, within about (.5 mm, within about 4.3 mm, and/or
within about 0.2 mm during and/or before settling.

[B48] A user may deploy the anchoring mechamism 100 by using a delivery
device, such as an endoscope. The spring type anchoring mechanism 100 can be folded
and transported within a catheter used with an endoscope. The spring type anchoring
mechanism 100 can be deployed by being pushed out of the catheter.  in some
cmibodiments, the anchoring mechanism 100 can be deploved by withdrawing the
catheter from the anchoring mechanisrm 100 at a deployment sue.  The spring-type
anchoring struts 130 can expand radially outward to contact the lomen 110 once placed
outside the catheter. The spring-type anchoring struts 130 can exert 2 radial outward
force on the lumon wall 110, The radial outward force can allow each of the anchoring
tips 140 to penctrate the lumen 110,

{6049] The hub 120 and the anchoring tip 140 can be on the samc or
substantially same transverse plane uvpon deploymoent. In some cmbodiments, the
anchoring mechanism 100 can comprise two or more anchoring strats 130, The spring-
type anchoring struts 130 can comprise a combination of clastic and static anchoring
struts. For example, the spring-type anchoring struts 130 can comprise two spring-shaped
clastic anchoring struts and onc stiff, static anchoring strat. The hub 120 can comprisc an
axial bearing. The bub 120 can be positioned off-center. For example, the bub 120 can
be located adjacent to wall of the lomen 110, The hub 120 can comprise various different

shapes. For example, the hub can have a round, polygonal, oval-shaped, or other-shaped

o

ross-section in a plane perpendicular (o a longitudinal axis of the lumen 110, The
anchoring tip 140 can comprise a blunt tip, such that no portion of the anchoring tip
penctrates the lamen 110, The anchoring tip 140 baving a blunt tip can comprise a
traction surface. For example, the traction surface can comprise a plurality of cleats.

Spiral-type anchorine mechanism

{8056 Anchoring sinuts can comprise a spiral shape, or a torsion spring shape.
The spiral shape can be osed, for example, to exert torsional force during expansion and
contraction of the lumen. FIG. 2 shows a schematic transverse cross-sectional view of an
example shape of a spiral type anchoring mechanism 200. The spiral type anchoring
mechanism 200 can comprise a hub 220, a plurality of anchoring struts 230, and

anchoring tips 240, The plorality of anchoring strats 230 can comprise an clongate {¢.g.,
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generally straight) portion 232 and a spiral portion 233, The anchoring tips 240 can be
configured to penctrate the lumen 210

[Ba81] The hub 220 can be placed on or near the longitadinal axis of the
hamen 2106 The bub 220 of the spiral type anchering mechanism 200 can remain
substantially in the same axial position frespective of the movement of the Jumen. The
hub 120 can rotatec as the spirals expand. For cxample, the hub 120 can rotate
independently from an operative portion of the medical device during fomen expansion or
comtraction. In some cmbodiments, the hub 120 is rotatably locked with and connected to
the operative portion. The operative portion can be, for example, a lung airway valve.

16052} During an cxpavsion and contraction of the lumen 110, the spiral type
anchoring mechanismn 200 can inhibit, reduce, or prevent displacement of a medical
device while allowing the hub 220 to remain substantially at its original position. For
cxample, during cxpansion of the lumen, the spiral portion 233 of the anchoring struts
230 can straighten. The hab 220 can remain suspended from the lomen wall and remain
substantially at its original position. In some embodiments, the anchoring mechanisim
200 is configured to maintain the hub 200 {(c.g., and, consequently, the operative portion)
in a relatively constant position along a length of the lumen 210 in which the mechanism
200 is deployed.

HHIRRY The phuality of anchoring struts 230 can be made of shape memory
material, soch as Nitinol. In some embodiments, the struts 230 are constructed from
another, resilient and/or flexible material.  The phuality of anchoring struts 230 can
comprise a coiled length. The coiled length can comprise the shortest length between the
hub 220 and the end of the anchoring tip 240 when the struts 230 are radially compressed.
In some embodiments, the coiled length of the struts 230 is less than about 0.9 times, less
than about .75 times, less than about 0.6 times, less than about 0.4 times, and/or less
than about 0.25 times a radius of the lumen 218, The plarality of anchoring struts 230
can comprise an uncoiled length larger than a radivs of lamen 210, For example, the
straight length of the anchoring strots 230 can be more than 2 times larger, more than .S
times larger, and/or more than 1.1 times larger than a radius of the humen 210

{80541 The spiral shapes anchoring mechanism 200 can be transported across
a catheter by being folded into the catheter prior to deployment. The anchoring struts 230
can be coiled further to be wransported through the catheter. The spiral shape anchoring

mechanism 200 can uncoil to its pre-formed spiral shape when pushed out of the catheter.

-10-
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In some embodiments, the anchoring mechanism 200 wncoils upon withdrawal of the
catheter from the struts 230 at a deployment site n the lumen 210, The anchoring tips
240 can contact the lumen 210 once deployed, and exert an outward force from the hub
220 to the humen 210, The anchoring tips 240 can penetrate the flesh of the lomen 210 by
exerting outward force. In some embodiments, the anchoring tips 240 inclade pads or
other mechanisms configured to limit the depth to which the tips 240 penetrate the lumen
wall.

16885] The snchoring struts 230 can be straightened to be transported through

rotation of the hub 220 without rotating the attached portion of the medical dovice {c.g.
the operative portion). The spiral shaped anchoring mechanism 200 can comprise three
or more anchoring struts 230. The anchoring struts 230 can comprise a combination of
ditferend spring shapes. For example, the anchoring struts 230 can comprise a plurality of
spring-type anchoring struts 130 {c.g., shown in FIG. 1) helically coiled and forming a

spival around the hub 220,

Yortex-tyne anchoring mechanism

{06056] An anchoring mechanism can comprise a pharality of flexible struts
that arc bent in a same circumferential direction {o form a vortex shape when viewed in a
fransverse cross-section.  The flexible vortex struts can bend or straighten, bending
forther during contraction of the lumen and straightening as the lumen expands. FIGS.
3A and 3B show perspective views of an example shape of a vortex-type anchoring
mechantsm.  The vortex-type anchoring mechanism 300 can comprise a hub 320, a
phurality of flexible anchoring struts 332, a plurality of proximal struts 336, a center rod
360, and/or a forceps knob 362, The bub 320 can comprise a dual-hub configuration
having s distal hub 322 and & proximal hub 324, The flexible anchoring simuts 332 can
comprise an anchoring tip 346, The proximal struts 336 can comprisc & bent contact
surface 33%. The proximal struts 336 can comprise frame struls of an operative portion
1135 {e.g., shown in FIGS. 12ZA to 12C).

HHIRYS The flexible anchoring stnuts 332 can extend radially owtward from the
distal hub 322. The proximal hub 324 can be connected to and/or form a moenolithic part
with the distal hab 322, The proximal struts 336 can extend radially and proximally from

the proximal hub 324, The proximal struts 336 can form a basket. The proximal bub 324

-1i-
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can be a collet. The center rod 362 can be conmected to the proximal hub 324 and extend
proximally from the center hub. The center vod 362 can connect the hub 320 and the
forceps knob 362, The forceps knob 362 can be shaped and sized to be grasped by a
forceps. The plorality of flexible anchoring struts 332 can be configured to radially
expand and exert an outward force on the lumen. The bent surface 338 of the plurality of
proximal strofs 336 can comprise portions of the proximal struts that bend at an angle
from the rest of each proximal strut member 336 towards the longitudinal axis, or the
center rod 360. The bent contact surface 338 can be used, for example, to inhibit or
prevent trauma to the lumen wall by the proximal strats 336,

166S8] The distal hub 322 and the proxitmal hub 324 can comprise collinear
cylindrical structures.  The distal bub 322 and the proximal hub 324 can comprise
cylindrical structures having different diameters. For cxample, the diameter of the distal
hub 322 can be sroaller than the diameter of the proximal hub 324, The smaller diameter
of the distal bub 322 can be shaped and sized, for example, to allow the plurality of distal
struts to coil and it juside a delivery catheter. Each of the plurality of proximal struts
336 can have a straightened length. The straightencd longth can comprise the length of
the proximal strut member at a fully straightencd state with no bends. The straightened
length can be less than 1.5 times the length of the center rod 362, The straightened length
can be equal to or less than the length of the center vod 362, In some cases, the
straightened longth can be greater than 1.5 times the length of the cender rod 362,

{0659] The stiffness of the flexible anchoring struts 332 can be tuned io
counteract the forces {c.g., tension and compression) cccurring during expansion of the
struts 332, For example, stiffncss of some portions in the struts 332 may be greater than
the stiffoess in other portions. Arcas near the hub 320 and near the anchor tip 340 can be
relatively stiff, while near the middie of the siruts can be made more flexible to allow

ending. The stifiness can be tuned by changing dimensions and/or shape of portions of
the anchoring struts 332, For example, the plovality of anchoring struts 332 can comprise
bent portions, thin portions, thick portions, and/or spiral portions.

10860] The vortex shape anchoring mechanism 300 can be folded and
transported across a delivery catheter. The flexible anchoring strats 332 can be coiled in
the direction of the bend to fold and fit inside a catheter. For example, the {flexible
anchoring strots 332 shown in FIGS. 3A to 3B can be coiled by rotating the hub 320

relative to the anchoring tip 340 in a coumter-clockwise direction. The proximal struts



WO 2015/153507 PCT/US2015/023421

336 can be straightened to fold and it inside a catheter. The proximal struts 336 can be
straightened along the direction of the length of the center rod 362.

{B061] The flexible anchoring struts 332 in a fully coiled state can have a
cross-soctional diameter equal to or less than 1.5 times larger than the diameter of the
proximal hub. The flexible anchoring struts 332 in a fully coiled state can have a cross-
seetional diameter equal 1o or less than the diameter of the proximeal hub., The plurality of
proximal struts 336 i & fully straightened state can have a cross-sectional diameter equal
to or less than 1.5 times larger than the diameter of the proximal hub. The plorality of
proximal struts 336 i & fully straightened state can have a cross-sectional diameter equal
to ot less than the diameter of the proximal hub.

{0662] The vortex strut anchoring mechanism 300 can counteract movement
of the lwmen. For cxample, the vortex sirut anchoring mechanism 300 can adjust {o
cxpand during lumen expansion and contract during lumen contraction. The anchoring
tips 340 can remain in & substantially same transverse plane {(¢.g., perpendicular to the
centerline of the lumen)y during himen expansion and contraction.  For example, the
flexibic anchoring struts 330 can be bent further to have a smaller diameter, such that the
anchoring tip 340 and the hub 320 can remain in a substantially constant transverse plane.
The arc of the curvature of the anchoring struts 332 can straighten more as the fumen
cxpands, while contact points and the bub remain in substantially the same plane. The
stiffness of the anchoring struts can be tuned to counieract distal and proximal forces
applied when the anchoring strots 330 expand. In some embodiments, the struts 332 are
configured to remain in substantially the same transverse plane during and/or afier
settling of the device 300.

{B063] The phuality of proximal struts 336 can comprise two or more bent
surfaces 338, For example, a proximal strut 336 can have two connected bent surfaces
that form two mcladed angles from the proximal strut 336, Two or more bent sorfaces
338 can be used, for example, to allow different atraumatic contact surfaces to contact the
humen during expansion and contraction. For example, bent surfaces 338 can comprisc a
first surface configured to contact the tumen at an expanded state, and a second surface
configured to contact the lomen at the contracted state.

{80641 The plurality of flexible anchoring struts 332 can comprise anchoring
tips 340. For example, the plorality of flexibie anchoring stnsts 332 can comprise

multiple anchoring structures pointing in different directions. For example, the anchoring
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tip 340 can comprise a bi-directional anchoring fip 640 (shown in FIG. 6). In some
embodiments, the anchor tips 340 comprise atraumatic and/or high friction fips
configured to engage with the wall of a lumen.

16065] The plurality of flexible anchoring struts 332 can comprise a spiral
shape, such as the spiral-type anchoring struts 230 shown and described above in
reference to FIG. 2. The proximal struts 336 can be used to counderact movements of the
attached medical device m the proximal direction.

16066] The position of the proximal struts 336 and the flexible anchoring
struts 330 can be reversed. For example, the proximal strots 336 can be positioned
distally relative to the flexible anchoring struts 330, The proximal strats 336 can extend
in the opposite direction, such that the berd contact surface 338 can be positioned distally
relative to the bub 320. The vortex strut anchoring mechanism 300 can comprise
different number of flexibie anchoring struis 330 as the number of proximal struts 336.
The vortex strut anchoring mechanism 300 can comprise the same number of flexible
anchoring struts 330 as the number of proximal struts 336, For example, where the
vortex strut anchoring mechanism 300 hes three flexible anchoring struts 330, the
mechantsm 300 can comprise three proximal simuts 336, In some embodiments, cach of
proximal struts 336 and ecach of flexible anchoring strots 330 can be connected and can
comprise portions of singular strut members. For example, a plurality of singular strut
structures can be bundled together between the two ends of cach strut structure by a
collet.

Wave-type anchoring mechanism

108671 In some embodiments, and anchoring mechanism 400 can include
struts having a wave-like shape when viewed from a longitudinal eross-sectional view of
the lumen, FIGS. 4A and 4B show a schematic drawing of an example shape of a wave-
type anchoring mechanism 400. The wave-type anchoring mechanism 400 can include a
hub 420, a center vod 460, and a phuality of undulating anchoring strots 436, The
andulating anchoring struts 430 can comprise one or more thick portions 433A, one or
more thin portions 4338, and anchoring tips 440. The undulating anchoring strots 430
can comprise a substantially straight shape when viewed in a transverse direction. The
wave-type anchoring mechanism 400 can limit displacement of the hub 420 as the lumen
410 shifts between a coniracted state (F1G. 4A) and an expanded state (FIG. 4B). In

some cases, the anchoring mechanism 400 limits displacement of the hub 420 (e.g., and,
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consequently, an operative portion connected to the hub 400) when the mechanism 400
scttles in the membrane 450,

{B068] The hub 420 can connect the plurality of undulating anchoring struts
430 to the center rod 460, For example, the wave-type anchoring mechaniso 400 can
comprise two undulating anchoring struts 430 connected to the center rod 460 via the hub
420. In some cmbodiments, the anchoring mechanism 400 includes three or more
anchoring s#ruts 430 emanating from the hub 420, The undulating anchoring struts 430
can comprise one or more inflection poiuts and undulation poiots. For example, as shown
in FIG. 4A and 4B, a wave-type anchoring mechanism 400 can bave at least one
unduiation poud on each strut 433,

16069] The anchoring tip 440 can be located proximally to the location of the
hub 420 at a distance D1 when the snchoring struts 430 are in a first, less-expanded
configuration. For exampie, the distance between the anchoring tip 440 and the hub 420
in a folly contracted state lumen (FIG. 4A) can comprise a first distance D1. The distance
between the anchoring tip 440 and the hub 420 in a fully expanded state lumen (FIG. 4B)
can comprise a second distance D2, The displacement of the hub 420 can be limited such
that the difference between the first distance D1 and the sccond distance DZ can be less
than 0.5 mm. The difference between the first distance D1 and the sccond distance D2
can be less than .1 mm. The differcnce between the first distance D1 and the second
distance DZ can be less than .05 mm. In some cases, the difference between the firsi
distance D1 and the sccond distance D2 can be less than .02 nun.

108701 The anchor strats 430 can have non-uniform thickness between the hub
42¢ and the anchor tips 440. For cxample, the anchor struts 430 can inchide a thick
portion 433A which can be more rigid than a thinner portion {e.g. having a greater degree
of freedom). For example, the thick portion 433A can retain its bent shape while
experiencing deflection during expansion of the honen 410 and/or doring settling of the
anchoring mechanism 400. The anchoring mechapism 400 can include a thin portion
4338 may deflect to a greater degree than the thick portion 433A during expansion of the
hamen 410, The thick portion 433A and the thin portion 433B can comprise portions of
andulating anchoring strut 430 having different structures and dimensions. For example,
the thick portion 433A can comprise a portion of the stnit member 430 having a greater
thickness along a divection transverse to the longitudinal direction of the hunen 410 while

the thin portion 433B comprises a strut portion having a greater thickness along a
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longitudinal divection of the lumen 410, Such a configuration can be used to allow the
thick portion 433 A 1o withstand stress from repeated expansion and contraction motion of
the humen 410

160711 As shown in FIGR. 4A and 4B, the wave-type anchoring mechanism
400 can comprise an anchoring tip 440. The anchoring tips 440 can be curved and
potnting at a distal direction. The wave-type anchoring mechanism 400 can be placed
proximally or distally of an operative portion of a medical device, such as 2 valve,

160721 The undulating anchoering struts 430 can comprise struts having
ditferend fengths, shapes, points of inflection/undulation, stiffoess, efc. For exanple,
FIGK. 5A and 5B show an cxample shape of a wave-type anchoring mechanism baving a
bow-shaped bend near the hub 520, The wave-type anchoring mechanism 560 having a
sharper bend near the hub 520 can comprise a center rod 561, a hub 520, and a plurality
of anchoring struis 530. The phuslity of anchoring struis $30 can comprise a thick
portion 533A, a thin portion 5338, a bow-shaped bend 333C, and anchoring tips 540.
The bow-shaped bend 5338 can comprise a different structure from the remainder of the
anchoring struts 530. For cxample, the bow-shaped bend S33B can comprise a bent
shape in a transverse direction.

16073 The anchoring tip 440 can be located on the same transverse plane as
the hub 420, The anchoring tip 440 can point in a proximal or distal direction. In some
embodiments the anchoring tip 440 inclades a pad portion configured to limit a depth to
which the anchoring tip 440 penetrates the lomens 410, The wave-type anchoring struts
430 can extend radially from the hub 420. For example, FIG. 6 shows a perspective view
of an example shape of a wave-type anchoring mechanism 600 comprising undulating
struts 632, The anchoring mechanism 600 can share many or most of the characteristics
and features of the anchoring mechanism 300 described above, wherein the distal anchors
632 comprise undulating struts rather than the vertical struts 332 described above, and
whergin like parts inchide like mumbers (e.g., proximal strots 336 v, proximal struts 636).
The hob 620 can comprise a proximal hub 622 and a distal hab 624, The phuality of
vortex undulating strots 632 can comprise a thick portion 633A, a thin portion 6338, and
a bi-directional anchoring tip 640. The bi-directional anchoring tip 640 can comprise a
first anchoring tip 640A and a sccond anchoring tip 640B. The second anchoring tip

6408 can be configured to Hmit the extent to which the first anchoring tip 640A.
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16074} As shown in FIG. 6, the wave-type anchoring mechanisi comprising
vndulating strats 600 can comprise three or more undulating struts 632, The bi-
directional tip 640 can comprise the bi-directional tip 1335A, 1335B shown and
described tn reference to FIGS. 13A 1o 13C of this apphication.

Diamond-shaped anchorinz mechanism

H875] FIG. 7A and 7B schematically show examples of a diamond shaped
anchoring mechanism.  The diamound shaped anchoring mechanism 700 can comprise a
forceps knob 762, a center rod 760 extending distally from the forceps knob 762, a first
hub 720 comnected to the center rod 760 distal from the forceps knob 762, a second hub
722 comnecied to the center rod 760 distal of the first hub 720, and/or a plurality of
diamond-shaped anchoring struts 730, The plurality of diamond-shaped anchoring struts
730 can comprise a proximal portion 734, g distal portion 732, a distal point 795, and
anchoring tips 740. In some embodimentis, an operative portion 750 is connected to the
center rod 760 between the first hub 720 and the forceps knob 762,

{06761 The cenier rod 760 can counect the forceps knch 762 and the distal
point 795. For example, the distal point of the struts 730 can be connected to the second
hub 722. The proximal portion 734 and the distal portion 732 can comprise two sides of
a diamond. The proximal portion 734 and the distal portion 732 can comprise a singular
strut member wherein the proximal portion 734 is connected to the first hub 720,

188771 The proximal portion 734 and the distal portion 732 can form an
inchided angle. For example, in a first state {¢.g. before settling of the device 700 and/or
before expansion of the humen 710), the proximal portion 734 and the distal portion 732
can form an angle less than about 150 degrees.  The proximal portion 734 and the distal
portion 732 can form an angle less than about 80 degrees in the original state. The
proximal portion 734 and the distal portion 732 can form an angle less than about 60
degrees in the original state. The proximal portion 734 and the distal portion 732 can
form an angle less than about 45 degrees in the original state.

{80781 The anchormg tip 740 can comprise an anchoring structure. For
example, the anchoring tip can comprise a barb, high friction pad, or other structure
configured to penctrate and/or frictionally cngage with the lomen 710, The anchoring tip
740 can comprise a bi-directional anchoring tip.  For example, the anchoring tip 740 can

comprise bi-directional tip shown and described in reference to FIGS. 13A 10 13C of this
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application. In some embodiments, the anchoring tip 740 can comprise cleats, studs,
tracks, etc.

{6679] As shown in FIGS. 7A-7B, when viewed in a longitudinal cross
seetion, the diamoend-shaped anchoring struts 730 can comprise a diamond shape, or two
mirroring triangles. A proximal end of the triangles can be connected to the first hub 720,
In some embodiments the distal end of the triangles is counected to the second hub 722,
The struts 730 can be configured to expand and/or comtract in a radial direction in
reaction 10 expansion and contraction of the lumen 710 (e.g., due 1o breathing, settling of
the device 700, or other circumstances).

LR The struts 730 can be configured to expand/contract in a radial
direction with luotted or no movement of the center rod 760 along a length of the lumen
710, For example, the first hub 720 can be a sliding hub (FIG. 7A). The hub 720 can
comprise an annular shape with a hollow center shaped and sized to slide along the center
rod 760. The hab 720 (e.g., and the proximal end of the struts 730} can be configured to
shide in a distal direction when the siruts 730 cxpand. The mechanism 700 can inclade a
proximal stop 743 configured to limit the proximal movement of the first hub 720 along
the center rod 760.

16081 In some embodiments the second hub 722 is configured to slide along
the center rod 760 (FIG. 7B). In some cases, the second hub 722 is slidable and the first
hub 720 18 fixed on the center rod 760, The second hub 722 {e.g., and the distal end of
the struts 730) can be configured to slide in 8 proximal direction hen the struts 730
expand. In some embodiments, the mechanism 700 inciudes a distal stop 745 configured
to limit distal movement of the second hub 722 when the second hub 722 is a shding hub
{FIG. 7B).

16082} In some cases, shiding of the first hub 720 or second hub 722 can
permit radial expansion and contraction of the struts 730 (e.g., in reaction to
mhalation/exhalation and/or settling of the mechanism 700) with fittle or no movement of
the center rod 760 along a length of the lumen 710, Limiting or preventing movement of
the center rod 760 along the length of the lumen 710 can facilitate constant or semi-
constant positioning of the operative portion 750.

{80831 The proximal portion 734 and the distal portion 732 can have
approximately equal lengths. In some embodiments, the proximal portion 734 and the

distal portion 732 comprise different lengths. The diamond-shaped anchoring mechanism
[+
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700 can comprise a telescopically shiding rod. For example, a shiding rod can slidably
connect the center rod 760 to the distal point 795, The center rod 760 can comprise a
hollow center shaped and sized to accept the sliding rod.

Bowtie-shaped anchoring mechanism

1084} FIGS. 8A and 2B show an exanmple shape of an anchoring mechanism
having bowtic-shaped anchoring struts 834 used with an operative portion 825, The
bowtic-shaped anchoring mechanism 800 can comprise a forceps knob 862 and a center
rod 860 connected to and cxtonding distally from the forceps knob 862, An operative
portion 825 {c.g., valve) can be conuected to the center rod 860 distal from the forceps
knob 862, The mechanism 800 can include a hub 820 connected to the center rod 860
distal of the operative portion 825,

{0885} As illustrated, the mechanism 800 can include a plurality of bowtie-
shaped anchoring struts 830, The struts 830 can be connected to and exiend radially from
the hub 820. The bowtic-shaped anchoring struts 830 can comprise a plurality of
quadrilateral-shaped members. The struts 830 can cach comprise a proximal portion 834,
a distal portion 832, and anchoring tips 850. The proximal portion 834 can comprise a
proximal point 835A. The distal portion 832 can comprise a distal point 835B. The
proximal and distal points 8354, 8338 can comprise bendabic or articulated joints. The
bowtic-shaped anchoring siruts 800 can be used with an operative portion 825, such as a
valve used in a lung airway valve.

[8886] The shape of the bowtie-shaped anchoring struts 830 can change
doring movement of the lumen 815 (e.g., doring inhalation/exhalation and/or during
settling of the mechanism 80{}). For example, the distance between axis of the Jumen 815
and the anchoring tips 350 can grow larger during expansion of the fomen wall. The
proximal point 335A and the distal point 8358 can move away from each other during
contraction of the hmmen 810. The proximal point 835A and the distal point 8358 can
move closer during expansion of the lumen 810,

{88871 In some embodiments, the points 835A, 8358 of each strut 833 icon a
plane substantially parallel a longinidinal axis of the himen 815, In some cases, the
points 835A, 8358 of cach strut 830 lic on a plane substantially perpendicular to the
longitudinal axis of the lwmen 815, In some embodiments, the points 835A, 8358 of each
strut 830 he on planes neither perpendicular nor parallel to the longitudinal axis of the

fumen 815, Many variations are possible.
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HH888] The strits 830 can be configured to expand and/or contract with lutle
ot no movement of the hub 820 (e.g., and, consequently, the operative portion 825) along
a length of the lumen 815, For example, radial movement of the anchor portions 850 of
the struts 830 can occur ou a substantially constant plane perpendicular to a length of the
fumen 815.

Opposing anchoring siruts mechanism

{0689] In some cascs, an anchoring mechanism can include one or more
anchors configured to engage with a lumen wall to inhibit or prevent movement of an
operative portion of 2 device wn a distal direction. For example, two or more anchoring
struts can be used to pinch a portion of the lamen.

[0894] FIGS. 9A and 9B show perspective views of an example shape of a
pinch-type anchoring mechanism 900. The mechanism 900 can inciude a hub 920 and a
phurality of distal struts 934 cxtending distally and/or radially cutward from the hub 920.
The mechanism 900 can mclude a plorality opposing strots 933 extending radially
outward from the hob 920 proximal of the distal struts 934. The plorality of distal struts
G34 can comprisc distal anchoring tips 940A. The opposing strufs can comprise opposing
anchoring tips 940B. The distal and opposing anchoring tips 9404, 940B can comprise
bi-directional anchoring tips (shown in FIGS. 13A t0 13C).

10891] In some embodiments, the mechanism 900 includes a plurality of
proximal struts 935 extending proximally from the hub 920, The plorality of proximal
struts 935 can comprise frame struts of an operative portion 1235 (Shown in FIGS. 12A
io 12C).

{80921 The plorality of distal struts 934 can comprise a strut member
comprising one ov more bends. For example, as shown in FIG. 9A and 9B, the phwality
of distal struts 934 can comprise two bends, each bends curving cach distal strut member
934 in a proximal direction. The opposing struts 933 can comprise strut members
mirroring the distal strots 934 with vespect to a plane perpendicunlar 1o a longitudinal axis
of the center post 960, For example, the opposing struts 933 can comprise strut members
extending radially outward from the hub 920 and mitially extending in the proximal
direction and bending in the distal divection as shown in FIGS. 9A and 9B. The opposing
struts 933 can comprise opposing anchoring tips 9408, The anchoring tips 9404, 9408
can comprise a sccond tip 954, The second tips 954 of the anchoring tips 9404, 9408

can be configured 1o himit a depth to which the anchoving tips 9404, 9408 (e.g., or
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piercing portions 952 thereof) penetrate a lumen wall. For example, the second tip 954 of
the proximal anchoring tip 940A can point in the proximal direction, while the sccond 1ip
8534 of the opposing anchoring tip 9408 can point in the distal divection. In some
embodiments, the second tips 954 of the anchor tips 940A, 9408 point in the same
direction.

{66931 The hub 920 can comprise a dual-hub configuration, as described
above in reference to FIGR. 3A and 3B, The hub can comprise a distal hub 922 and a
proximal hub 924, As shown in FIGS. 9A and 9B, the distal struts 934 can extend
radially from the distal hub 922. The opposing struts 933 can extend radially from the
proximal hub 924,

10694] The opposing strats 933 can be configured to counderact forces created
from movement of the pinch-type anchoring mechanism 900 in a distal divection {e.g.,
due to seitling of the mechanism 9003 The distal struts 934 and the opposing struts 933
can be configured for usc inside s humen while minimizing pinching of the lumen. Such
configuration can be used, for cxample, to minimize {raoma to the lumen.

{B095] The pinching of the distal strots 934 and the opposing struts 933 can
cause the wall of the lumen to become pleated (see, e.g., FIGS. 12A-12C). The pleating
of the lumen wall can be used to allow point foads o be applied to wall while permitting
ase of proximal struts 933 having reduced radial stiffness compared to the distal struts
834, For example, the pleating of the lumen wall can permit the proximal strats 933 1o
contact and/or penctrate the lumen wall at a smaller angle with respect to the longitudinal
axis of the mechanism 900 than the angle of contact when no pleating is present. The
pleating of the lumen wall and the minimal opposing forces can be used to inhibit or
reduece the likelihood of pressure necrosis which can be caused by the directly opposing
forces by the opposing struts. The opposing struts 833 can be shorter than the distal struts
834. The distal struts 934 can comprise clongated anchoring mechanism shown and
described in reference to F1G. 10,

[08%] The pinch-type anchoring mechanism 900 can be configwred to fit
inside a delivery catheter. For example, as ilhustrated in Figures 9A and 9B, the distal
struts 934 can be straightened in the distal direction and the opposing struts 933 can be
straightened in the proximal divection to fit inside a catheter. A user may place the pinch-
type anchoring mechanism 900 at a desired location inside humen and push the pinch-type

anchoring mechanism 900 distally. In some cases, the mechanism 900 is maneuvered to
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an installation site using a catheter and the catheter is withdrawn from the mechanism 900
to deploy the mechanism at the installation site. Once the distal struts 934 have been
released, portions of the distal anchoring tips 940A can connect the pinch-type anchoring
mechanism 900 to the lomen and penctrate the lumen. The user may pull the catheter to
further release the pinch-type anchoring mechanism 200 such that the opposing struts 933
can be released. The opposing struts 933 can shift shape from a straightened state mside
the catheter and return to its original fully curved shape. The opposing struts 933 can
form a relatively straight shape within the catheter and can shift shape to curve n the
distal divection upon deployment from the catheter. The opposing anchoring tips 9408 of
the opposing struts 933 can be lodged into the lumen. The deflection force applied to the
lumen as the distal struts 934 and the opposing strats 933 return to s respective original
shape can pinch the humen, forming a pleat. In some cases, changes in shape of the
pinch-type anchoring mechanism 900 can be triggered or actuated by changes in
temperature, by passing an electronic current to the strut members, physical manipulation,
gtc.

L The distal struts 934 and the oppoesing strats 933 can comprise struts
having different lengths, shapes, points of inflection/undulation, stiffness, ctc.  For
cxample, the distal struts 934 and the opposing struts 933 can comprise strut members
having a curved shape, without bends.

Elonegated distal anchors

{6098] Anchoring mechanisms having elongated strut members can be used to
reduce movement of the medical device caused by bodily movements and/or setthing of
the anchoring mechanism. The degree of movement of a medical device can be less with
anchoring mechanisms using longer sirut members, compared fo mechanisms using
shorter strut members. Longer sirut members can expand in a large are, thereby reducing
the axial movement of the endoluminal device as the strut members expand to an
cquilibrium position {c.g., scttle). Fig. 10 schematically shows an cxample shape of an
clongated struts anchoring mechanism. The elongated struts anchoring mechanism 1000
can comprise a plurality of elongated anchoring struts 1034 and a hub 1020,

[6859] The eclongated anchoring struts 1034 can be configared to reduce or
Hmit the amouwnt of longitudinal movement of & device connected to the hub 1020, The
phurality of elongated anchoring stnits 1034 can comprise anchoring tips 1040, The

anchoring tips 1040 can be m a {irst location P1 in a fully contracted tumen.  The
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anchoring tips 1040 can be in a second location P2 in a fully expanded state. The
anchoring tips 1040 can travel at a longitudinal travel distance D3 between P and P2,
The longiudinal travel distance D3 can be reduced by having ¢longated anchoring struts
1040. For example, the longitudinal travel distance D3 can be less than 0.lmm. The
longitudinal travel distance D3 can be less than .05mm. The longitudinal travel distance
D33 can be less than .02mm. In some cases, the longitudinal travel distance D3 can be less
than .Olmm. Many variations are possible.

16180] The eclongated anchoring struts 1034 can comprise curved strut
members, as shown schematically in FIG. 10, The clongated anchoring struts 1034 can
comprise a straight length, the straight length comesponding fo the length of strut
members when the strut oerabers are straightened. The straight length can be longer than
the diameter of the expanded lumen. For example, the elongated anchoring struts 1034
can have a straight length of at least about 1.5 times the diameter of the expanded homen
The elongated anchoring struts 1034 can have a straight length of at least about two times
the diamseter of the expanded lumen. The clongated anchoring struts 1034 can have a
straight length of at icast about threc times the diameter of the expanded humen. The
clongated anchoring struts 1034 can bave a straight length of at least about four times the
diameter of the expanded Jumen. o some embodiments, the struts 1034 have a straight
length between about one and four times the diameter of the expanded lomen. Many
variations are possible.

{6161] A user may select shape and dimension of the elongated struts
anchoring mechanism 1000 based on the lumen 1010, The straight length and the
curvature of the clongated anchoring struts 1034 can be adjusted to correspond to fumen
size changes. For example, for s humen that shows littie change in size between its fully
cxpanded siate and fully contracted state, strot members having a greater degree of
curvature, and/or having a shorier straightened length, can be used. A user may also
calibrate the distance traveled by the hub 1020 by adjusting the straight length and/or the
curvature. The user can limit the amount of longiiudinal distance traveled by the hub
1026 to be less than .02 mm by selecting struts 1040 having a certain length, for example.

{81821 The eclongated anchoring struts 1034 can comprise strut members of
different lengths and configurations. FIG. 11 shows an example shape of a pinch-type
anchoring mechanism 1100 having a plurality of clongated distal anchor struts 1134, The

pinch-type anchoring mechanism 1100 can comprise a hob 1175, The mechanism 1100
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can inchide phurality of elongated distal anchoring struts 1134 comnected to and extending
from the hab 1175 1 a distal divection. The mechanism 1100 can include a phivality of
opposing struts 1133 connected to the hub 1175 and positioned proximal to the distal
struts 1134, The elongated distal anchoring strots 1134 can comprise a distal anchoring
tip 1136, The distal anchoring tip 1136 can comprise a first anchoring tip 1136A and a
sccond anchoring tip 11368,  The plurality of opposing anchors can comprise an
opposing anchor tip 1190,

10143] As illustrated in FIG. 11, the opposing strats 1133 can extend radially
outward from the hub 1175 and extend in a distal direction. The opposing anchor tip
1190 can cxtond at an angle from the opposing struts 1133, The opposing anchor tip
1190 can forro an angle between about 90° and 170° from the opposing struts 1133, The
first anchoring tip 1136A of the elongated distal anchoring struts 1134 can extend in the
same direction as the elongated distal anchoring struts 1134, The second anchoring tip
11368 can point in the proximal direction and form an angle with the first anchor 1136A.
The angle can be about 30 degrees to about 170 degrees. The angle can be about 45
degrees to about 150 degrees. The angle can be about 60 degrees to about 120 degrees.
The angle can be about 80 degrees to about 100 degrees. The angle can be about 90
degrees.  In some embodiments, the sccond aschoring tip 11368 is configured to
intertace with a wall of the lomen and Hmit a depth to which the first anchor tip 1136A
pierces the lumen wall,

{6164] In some embodiments, the distal anchoring tip 1136 can comprise a bi-
directional anchoring tip (e.g., as shown in FIGS. 13A to 13C). The distal anchoring tip
1136 and the opposing anchor tip 1190 can be configured to pinch a lumen wall, For
cxample, the elongated distal anchoring struts 1136 and the opposing siruts 1133 can be
configured to oppose cach other to pinch a humen wall In some embodiments, the
opposing struts 1133 are configured fo inhibit, Hmit, or provent distal movement of the
operative portion {c.g., valve) connected to the hub 1175 when the distal anchors 1134
settle in the humen wall.

[B185] FIGS. 12A-12C shows an example shape of a pinch-type anchoring
mechanism having a plorality of elongated distal anchor struts used with a medical device
inside a fumen. As shown in FIG. 124, the pinch-type anchoring mechanism having a
phurality of eclongated distal anchor struts 1100 can comprise a8 pinch-type anchoring

mechanism 100 and an operative portion 1135, The operative portion 1135 can



WO 2015/153507 PCT/US2015/023421

comprise a lung airway valve. The hub 1175 can connect the pinch-type anchoring
mechanism 1100 1o the operative portion 1135,

{186] As seen in FIGS. 12A to 12C, the clongated distal anchoring struts
1134 can transition from a straightened configuration and gradually retom to a curved
configuration. As seen in FIGS. 12A 1o 12C, the lumen 1110 can form a lumen wall pleat
1115 as the clongated distal anchoring struts 1134 changes shape. The lumen wall pleat
1115 can form between the clongated distal anchoring struts 1134 and opposing struts
1133, in some crobodiments, the opposing struts 1133 include a bifurcated Hip including
a pad configured to hmit an extent to which the opposing struts 1133 pierce the lumen
1100

161871 The elongated distal anchoring strats 1134 can comprise a memory
shape material. The clongated distal anchoring struts 1134 can change shape in response
to clectronic actuation, temperature changes, physical manipulation, dimensional changes
resulting from releasing the device from a catheter, cte.  For example, the elongated
distal anchoring struts 1134 in a straightencd form as shown in FIG. 12A can be activated
by passing an clectric corrent.  The clongated distal anchoring struts 1134 can form a
curved shape when activated as shown in FIG. 12C. The elongated distal anchoring struts
1134 in a curved form in FIG. 12C can be activaied to straighien. For example, activating
the clongated distal anchoring strots 1134 in FIG. 12C can straighien the elongated distal
anchoring sirws 1134 fo form a straighiened shape in FIG. 12A. In some embodiments,
the struts 1133, 1134 arc biased to their respective deployed configurations and are
mechanically straighiened (e.g., via a catheter and/or forceps) to £it within a catheter or
working channel of an endoscope.
Anchoring tips

Bedily movemenis (¢.g., inhalation and/or exhalation, coughing, etc.) can cause a
medical device used inside the lumen to move in different directions. Anchoring tips
pointing in differcnt directions can anchor a device to counteract such movement of the
device. FIGS. 13A to 13C show different views an example shape of a bi-directional
anchoring tip 1340. The bi-directional anchoring tip 1340 can be conuected to a strut
member 1330, The strut member 1330 can comprise pre-formed bends 13924, 13928,
The strut member 1330 can be connected to an anchor hub 1375, In some embodiments,
the anchor hub 1375 is connected to an operative portion {e.g., valve) of a medical

device. The bi-directional anchoring tip 1340 can comprise a first anchoring tp 1335A
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and a second anchoring tip 1335B.  In some embodiments, the first and/or second
anchoring tips 1335A, 13358 extend from a fork body 1337,

{B168] The first anchoring tip 13354 and the sccond anchoring tip 13358 can
extend from the fork body 1337, The fork body 1337 can comnect the first anchoring tip
1335A and the second anchoring tip 13358 to the strut member 1330, In some
cmbodiments, the anchoring fips 13354, 133358 are formed from introducing a slit to a
distal end of the strut member 1330 to split the distal end of the strut member 1336 wdo
two separate portions (e.g., the first and second tips 13354, 13358). The first anchoring
fip 1335A can extend geoverally in the same direction as the strut member 1330. For
cxample, the first anchoring tip 1335A can extend 1 a radial direction from the bub 1375,
The second anchoring tip 13358 can comprise a bend. The sccond anchoring tip 13358
can form an angle with the first anchoring tip 1335A. For exanaple, the second anchoring
fip 13358 can bend at about 10 degrees to about 170 degrees from the fork body 1337.
The first anchoring tip 1335A and the sccond anchoring tip 13358 can comprise different
fip structures.  For example, the first anchoring tip 1335A can comprise a sharp tip
structure, such as the tip structure for the fivst anchoring tip 1335A shown in FIGS. 13A-
13C. The second anchoring tip 13358 can comprise a blunt tip structure as shown in
FIGS. 13A-13C.

{$169] The first anchoring tip 1335A can be configured (o penetrate the
lumen. The second anchoring tip 13358 can be configured to limit depth of penctration
by the first anchoring tip 1335A. The second anchoring tip 13358 can point proximaily,
as shown in FIG. 13A. The second anchoring tip 13358 can be configured to exert radial
outward force to the humen wall. For example, the second anchoring tip 13358 can be
configured to inhibit or prevent the movement of the device in a longitudinal direction
The proximal direction of the second anchoring tip 1335B can be used to obstruct
movement of 8 medical device used with the bi-directional anchoring tip 1300 in a
proximal direction inside a lumen.

{8116 The second anchoring tip 13358 can be located on the strut member
1336, away from the first anchoring tip 1335A. The sccond anchoring tip 13358 can
comprise a sharp-edged bend. The first anchoring tip 1335A can form an angle with the
fork body 1337,

Membrane-frame struis

-265-
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LI RE An endoluminal device having a shorter overall axial length can be
usetud. For example, an endolominal device with shovter axial length can be used in a
short lumen.  The shorter axial length of the device can be used where the anchoring
portion needs to be close to the operative portion, for example, to avold anchoring a
device on abraded patches of himuen wall. In some cases, use of a shorter device can be
beneficial when the device is implarded adjacent an intersection of multiple branches of
an airway or other body lumen.

[0112] FIGS. 14A to 14C show perspective views of an cxample cndoluminal
device 1400 having interposing strat members. The device 1400 can inchade a hub 1420,
In some embodiments, the device 1400 includes an anchoring portion 1432 comnected to
the hub and an operative portion 1435 conuoected to the hub 1475, The anchoring portion
1432 can comprise a plorality of anchoring struis 1432, The plurality of anchoring struts
1432 can comprise anchoring tips 144{0. The anchoring tips can comprise bi-directional
tips 1333A, 13358 (shown in FIGS. 13A and 13B). The operative portion 1425 can
inchude membrane struts 1435 and & membrane 1463 attached to the membrane struts
1435. The operative portion 1425 {e.g., the membrane struts 1435) can be connected to
and extend proximally from the hub 1475, The device 1400 can include a center rod
1468 connected to the hub 1475 and positioned between the membrane siruts 1435 and a
forceps knob 1462 on a proximal end of the center rod 1460,

{81137 The anchoring struts 1432 can comprise a bent shape having anchoring
tips 1440 poiting i a radially-outward direction, as shown m FIGS. 14A to 14C. In
some embodiments, the anchor struts 1432 inclade 3 pad or other structure adjacent the
tips 1444 to bmit an extent to which the tips 1440 penctrate an airway wall. As shown in
FIG. 14B, the anchoring struts 1432 can be interposed with the frame strats 1435 around
a circumference of the device 1400, such that the anchoring tips 1440 can be interposed
with the frame strut tips 1436 when vigwed in a transverse direction. In some cases, the
number of anchoring tips 1440 and anchor struts 1432 matches the mumber of struts 1435,
Interposing of the struts 1435, 1432 can be used, for example, to minimize the total
diameter of the endobhuminal device 1400 when compressed within a delivery catheter.

{81141 The anchoring struts 1432 can extend outward from the hub 1475 and
bend in & proximal direction as shown in FIGS, 14A-14C. In some embodiments, the
anchor struts 1432 are configured to exert a radially-cutward force on a lumen in which

the device 1400 is deployed. The operative portionl435 can be disposed proximally to



WO 2015/153507 PCT/US2015/023421

the anchoring portion 1432 when placed inside the lomen. When placed nside the
lumen, the frame strut tips 1436 of the operative portion 1435 and the anchoring tips 1440
can be placed apart at a distance D4. The distance D4 between the anchoring tips 1440
and the frame strut fips 1436 of the operative portion 1425 can be large enough to reduce
the risk of contact between the tips 1440 and the membrane 1463, The distance D4 can
be about .02mm to about Smm. The distance D4 can be about .05mm to about 4oum. The
distance D4 can be about .Imm to about 3mm. The distance D34 can be about i 5mm to
about Zmm. The distance D4 can be about 2mum to about imm.

i6115] Positioning the anchoring tips 1440 near the frame strot tips 1436 can
reduce movement of the operative portion 1425 when the anchor tips 1440 settle in the
walls of the lumen in which the device 1400 is deployed.  For example, the anchoring
struts 1432 can be configured to limit maovement of the operative portion 1435 to be less
than about Zrom. The anchoring strns 1432 can be configured to Humit movement of the
operative portion 1435 1o be less than about .15mm. The anchoring struts 1432 can be
configured to imit movement of the operative portion 1435 to be less than about .05mm.
The anchoring struts 1432 can be configured to Hmit movemend of the operative portion
1435 10 be less than about 02w, The anchoring struts 1432 can be configured to limit
movement of the operative portion 1435 to be less than about Olrmm.

i6116] The anchoring struts 1432 can comprise a plurality of pre-formed
bends. In some cases, anchoring strots 1432 can have a curved shape without identifiable

ends. The anchoring struts 1432 can have uniform thickness along a length of the struts
1432. In some embodiments, some portion of the struts 1432 1s thicker thap another
portion of the struts 1432, The thick portions can be configured to have less flexibility
than thinner portions. For example, the thinner portions can be configured to allow
greater bending than the thicker portions.

8117} The endohmminal device 1400 can be transported using a delivery
catheter. For example, the inferposing anchoring struts 1432 can be folded together with
the frame struts 1435 while interposing the frame struts 1435 to fit inside the catheter.
The endohmninal device 1400 can be deployed by being pushed out of the catheter. In
some embodiments, the endoluminal device 1400 is deployed by withdrawing the
catheter from the endoluminal device 1400 when the device 1400 is positionad at the
deployment site. The endoluminal device 1400 can be pushed out such that the hub 1475,

the anchoring tip 1440, and the membrane strut tips 1432 can leave the catheter
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sequentially. Once the anchoring tip 1440 leaves the catheter, the anchoring tip 1440 can
latch onto the surface of the lumen 1410, A user can pull the catheter away from the
frame struts 1435 once the anchoring tip 1440 1s latched onto the lamen 1410,

{0118] In some embodiments, the anchoring struts 1432 having a pre-formed
bent shape can be straightencd to extend at a distal divection from the hub 1475 to it
inside and be transported across the catheter. The anchoring struts 1432 can conprise a
ditferend mumber of struts as the number of the frame struts 1435A.

Connecting meniber

{6119 Anchoring struts can be coupled to an operative portion by an
extendable and/or fiexible connecting roember.  FIGS. 15A and 158 show an example of
an endoluminal device 1500 having an extendable cowmnecting member 1560, The
endoluminal device 1500 can comprise an operative portion 1535, a connecting member
1560 conmected to the operative portion 1535, and an anchoring portion 1530 connected
to the connecting member 1560. The anchoring portion 1530 can comprise a distal hub
15758, anchoring struts 1532 connected to and extending from the distal hub 15758, and
anchoring tips 1540. The anchoring tips 1540 can comprise a first tip 1536A and a
second tip 15368, The second tips 15368 can be configured to limit a depth to which the
first tips 1530A pierce into the walls of a lumen in which the endoluminal device 1500 is
instalicd. The operative portion 1535 can comprise a proximal hub 1575A, & plorality of
frame struts 1535A connected to and extending from the proximal bub 1575A, and a
membrane 15358 connected to the frame struts 1535A.

{01267 The anchoring portion 1530 can be disposed distally from the
operative portion 1535, The anchoring strats 1530 can extend radially from the distal hub
157SH and generally in a distal divection. The frame struts 1S35A can comprise a bent
surface 938 (as shown in Fig, 9). The bent surface 937 can be configured to minimize
tragma to the humen 1510, The frame struts 1535A can extend proximally from the
proximal hub 1575A. The connecting member 1560 can connect the distal hub 15758
and the proximal hub [575A. The connecting member 1560 can connect the anchoring
portion 1530 and the operative portion 1535, The commecting member 1560 can be
extendable. For example, the connecting member 1560 can be a helical spring as shown
in FIGS. 15A and 15B.

{8128 In a first configuration shown n FiG. 15A, the connecting member

1560 can contract to bring the operative portion 1535 and the anchoring portion 1530
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close together. In a second configuration shown in FIG. 15B, the connecting member
1560 can extend, and the operative portion 1535 and the anchoring portion 1530 can be
spaced farther apart from each other. The distance between the proximal hub 1575A and
the distal hub 15758 can be greater in the sccond configuration compared to the first
configuration.

{61221 The counecting member 1560 can be extonded and/or contracted in
response to change in lumen dimension.  The comnecting member 1560 can be
sufficiently clastic to aliow axial movement of the anchoring portion 1530 without
displacing the operative portion 1535, In some embodiments, the anchoring portion 1530
can move away from the operative portion 1535, as the anchor struts 1532 and lumen
walls 1515 expand outward. In some cases, movement of the anchoring portion 1530
away from the operative portion 1535 can be accomplished with little or no movement of
the operative portion 1535 toward the anchoring portion 1530,

{6123 The connecting member 1560 can comprise a tensiie strength sufficient
to hoid the operative portion 1535 in place, regardless of change in iumen 1510
dimension. For example, the connecting member 1560 can be configured to counteract
the coniraction of the lumen 1510, such that while the conmecting mechanism 1560
initially extends during lumen countraction, the strength of the connecting mechanism
1568 can spring back to its original length and re-expand the lomen 1510, The spring
portion 1560 can comprise an elastic structure, such as an clastomer. For example, the
spring portion 1560 can comprise synthetic rubber, silicone, ctc.

Connecting member in bifurcatine lumen

10124] The endoluminal device 1500 can be used in bifimcating lumen, such
as bifurcating airways. The extendable connecting member 1560 can be used in atrways
having small dlameters. FIGS. 16A and 16B show an example of an endoluminal device
15060 having an extendable connecting member used in a bifurcating lomen 1610, The
bifurcating lumen 1610 can comprise a first lomen 1615A and a second lumen 16158,
The first and second lumens 1615A, 16158 can comprise different dimensions. For
example, the first hunen 1615A can comprise a smaller diameter than the diameter of the
second lumen 161SB. The first and second lumens 161SA, 1615B can expand or contract
individually or together.

[0125) FI1G. 16A shows the endoluminal device 1500 disposed mostly in the

fivst lumen 16153A. The anchoring portion 1530 can be disposed distally in the first
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lumen 1615A and the operative portion 1535 can be disposed on or near an entrance of
the first humen 16154, The operative portion 1535 can contact the fivst lumen 1615A at
an expanded comtact diameter 1590B. The contact diameter 15908 can comprise a
diameter of the first lumen 1615A in which portions of an outer surface of the operative
portion comes in contact with the lumen 1615A.

{0126] FIG 168 shows the first lumen 1615A in a contracted state, In a
condracted state, the first lumen 1615A can exert a force on the operative portion 1535
and portions of the operative portion 1535 can be disposed outside of the first Jumen
1615A. For example, the operative portion 1333 can contact the first lumen 1615A at a
condracted contact diameter 1590A. The contracted contact diameter 1590A can be closer
to the proximal hub 1575A than the cxpanded contact diameter 15908, The contracted
contact dimmeter 1590A can be smaller than the expanded contact diameter 153908,

i6127] The conmnecting portion 1560 can clastically extend to allow the
operative portion 1535 {o move proximally while the first Jumen 1615A contracts. The
connecting portion 1560 can pull the operative portion 1535 distally as the first fumen
1615A cxpands. The clastic cxtension and the pulling of the connecting portion can
apply a sufficient counter force to keep the endoluminal device 1500 seated inside the
airway, without causing the anchoring mechanism to be removed from its position. The
distance which the connecting portion 1560 can extend can be determined by the angle of
the cone of the valve portion and the diamcter of the airway wall that the operative
portion 1535 covers,

{B128] The struts 1535A in the operative portion 1535 can rest against an
opening of the first lumen 1615A and into a larger lomen 16035 to counteract pulling from
the anchoring portion 1530 as shown in FIG. 16A and 16B. The anchoring portion 1530
can remain in the same location in the first lumen 1615A during expansion and
contraction. In some cases, the anchoring portion 1530 moves distally within the first
himen 1615A doring seitling of the anchoring portion 1530, For example, i the
expanded first hunen 1615SA in FIG. [6A, the connecting member 1560 can be at a first
length B5. In the contracted first lumen 1615A of shown in FIG. 16B, the comnecting
member 1560 can be at a second length D6, The first length DS can be shorter than the
second length D6. The operative portion 1535 can move further out to the larger lumen
160S in a proximal divection as the fivst lumen 1615A contracts. The distance between

the proximal hob 1575A and the distal hub 15758 can increase during the contraction of

31



WO 2015/153507 PCT/US2015/023421

the lumen 16154, The distance between the proximal hub 1575A and the distal hub
15758 can decrease during the cxpansion of the lumen 1615A.  The clastic force
generated by the conmecting portion 1564 can be tuned to hold the operative 1535 portion
against the opening.

10129] The operative portion 1535, while suited for a larger airway, can be
used in a smaller airway with an opening to a larger avrway. As shown in FIGS. 16A and
168, the operative portion 1535 can be nested in the proximal end of the first fumen
1615A. For example, the fust fumen 1615A can comprise a contact diameter 1590A
smaller than an outermost diameter of the operative portion 1535, The outormost
diameter of the operative portion 1535 can be the largest diameter of the operative portion
1535, A portion of the operative portion 1333 can be located inside the first fumen
1615A while the remaindng portion of the operative portion 1535 can extend outside of
the entrance of the first lumen 1615A. The shape and size of the operative portion 1535
can be configured to cusure airflow through second lomen 16158.

{013¢) Although these inventions have been disclosed in the context of certain
preforred embodiments and examples, it will be understood by those skilled in the art that
the present inventions cxtend beyond the specifically disclosed embodiments to other
aliernative cmbodiments and/or uses of the inventions and obvious modifications and
cquivalents thereof. In addition, while several variations of the inventions have been
shown and described in detail, other modifications, which are within the scope of these
inventions, will be readily apparent to those of skill in the art based upon this disclosure.
It is also contemplated that various combinations or sub-combinations of the specific
features and aspects of the embodiments can be made and still fall withio the scope of the
inventions. It should be understood that varicus features and aspects of the disclosed
cmbodiments can be combined with or substituted for onc another in order to form
varying modes of the disclosed inventions. Thus, it is intended that the scope of at east
some of the present inventions herein disclosed should not be hmited by the particular

disclosed embodiments described above,
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WHAT IS CLAIMED IS;

1. A mechanism for anchoring endohiminal devices to a lomen, the mechanism

comprising:
a hub member contigured to be located at a predeternined location inside
the hnen; and
a plurality of anchoring struts, the plurality of anchoring strots comprising:
a spring portion attached to the hub member and configured to
extend or contract during expansion and contraction of the lumen; and
an anchoring portion connecting the spring portion to the lumen,
the anchoring portion configured to penetrate a portion of the lumen;
wherein the hub member is positioned on a plane with the anchoring
portions of the plorality of anchoring stnuts.

2. The mechanism of claim 1, wherein the anchoring portion comprises a bi-
directional anchoring tip comprising a {irst tip pointed to a first direction and a second tip
pointed to a sccond direction at an angle from the first divection, wherein at least a
portion of the first tip penctrates the lomen in a transverse direction to the lumen.

3. The mechanism of claim 1, wherein each of the plorality of anchoring struts
comprise cqual lengths.

4. The mechanism of claim 1, wherein each of the spring portions of the plarabity
of anchoring struts extends radially outward from the hub member

5. The mechanism of claim 1, wherein cach of the spring portion of the plurality
of anchoring struts comprise a helically coiled spring.

6. The mechanism of claim 1, wherein cach of the spring portion of the plurality
of anchoring struts comprise bent strut members configured to straighten during
expansion of the lumen and bend during contraction of the lumen.

7. The mechanism of claim 6, wherein the bent striyt mombers comprise a vortex
shape when viewed along a longitudinal axis of the lumen.

&, The mechanism of claim 6, wherein the bent strut members comprise a spiral
shape when viewed along a longitudinal axis of the lumen.

9. The mechanism of claim 6, wherein each of the beut strut mombers comprise
unduiating strut members having 2 substantially straight shape when viewed in a

transverse direchion
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10. The mechanism of claim 6, wherein the bent strut members comprise one or
more thin portions and one or more thick portions thicker than the thin portions.

11. The mechanism of claim 1, wherein the hub member comprises a fivst hub and
a second hub collmear and connected to the first hub, wherein the plurality of anchoring
struts are connected to the first hub,

12. An endoluminal device comprising:

an operative portion configured to obstruct fluid flow mside the humen;

a hub member, the hub member connected to the operative portion and
comprising a hub and a centering rod; and

a plurality of anchoring struts, the plurality of anchoring strots comprismg:

a strut portion attached to the hub member and configured to
expand and contract in response to expansion and contraction of the
fumen; and

an anchoring portion conmecting the deflectable portion to the
fumen;

wherein the hub moember substantially remains on or near an axial Hne of
the lumen durmg movement of the lumen.

13. The device of claim 12, wherein the strut portion is connected to a shiding hub
configured to shide along a length of the centering rod.

14. The device of claim 12, wherein the phuality of anchoring struts comprise a
phurality of guadrilateral-shaped raembers.

15. The device of claim 14, wherein cach of the quadrilateral-shaped members lics
on a separate plane parallel to a longitudinal axis of the device.

16. A mechanism for anchoring endoluminal devices to a lomen, the mechanism
comprising:

a hub member;

g plurality of distal anchoring struts connected to the hub member and
extending radially and distally from the bub member and bending in 2 proximal
direction, cach of the plurality of distal anchoring struts comprising anchoring
tips; and

g plurality of opposing anchor struts connected to the hub member and

extending proximally and radially from the hub member and bending in a distal
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direction, each of the plurality of opposing anchor struts comprising opposing
anchor tips;

wherein the distal anchoring struts and the opposing anchoring struts are
configured to pinch a portion of the lumen.
17. A mechanism for anchoring endohuminal devices to a lomen, the mechanism

comprising:

a hub member; and

a plurality of anchoring struts extending radially outward and distally from
the hub member, cach of the phwality of anchoring strats configured to transition
from a straightened configoration to a curved configuration when deployed in the
lumen, each of the plarabity of anchoring struts having a length when m the
straightened configuration;

wherein the length of one or more of the plurality of anchor struts in the
straightened configaration 15 at least 1.5 times the fully expanded diameter of the
lumen.
18. A mechanism for anchoring endohiminal devices to a lomen, the mechanism

comprising:

an operative portion comprising a phurality of frame strats, cach frame
strut comprising a frame strut tip;

a hub member connected to a distal end of the operative portion; and

g phurality of distal anchoring struts extending radially from the hub
member and bending in a proximal divection, cach distal anchoring strut
comprising an anchoring tip, the anchor tips positioned between the hub member
and the frame strut tips;

wherein the frame strut tips and the anchoring tips are interposed when

viewed 1n a transverse direction.
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FIG. 3B
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