wo 2013/154749 A1 [N 00000000 O O

(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 2013/154749 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

17 October 2013 (17.10.2013) WIPOIPCT
International Patent Classification: (81)
AG61F 2/966 (2013.01)
International Application Number:

PCT/US2013/031702

International Filing Date:
14 March 2013 (14.03.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/623,235 12 April 2012 (12.04.2012) US

Applicant: BOLTON MEDICAL, INC. [US/US]; 799
International Parkway, Sunrise, FL 33325 (US).

Inventors: ARBEFEUILLE, Samuel; 799 International
Parkway, Sunrise, FL 33325 (US). CHRISTIAN, Fletch-
er; 799 International Parkway, Sunrise, FL 3325 (US).
CANNING, John, C.; 799 International Parkway, Sunrise,
FL 33325 (US).

Agents: MURRAY, Mary, K. et al.; Hamilton, Brook,
Smith & Reynolds, P.C., 530 Virginia Rd., P.O.Box 9133,
Concord, MA 01742-9133 (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, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, 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, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, 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, 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, FL, 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, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

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

(54) Title: VASCULAR PROSTHETIC DELIVERY DEVICE AND METHOD OF USE

170 160 158
186
@ 3 :;Wii:
- 164 405 ;;3:\&33
84 N
106 L -
Bl
i §
g e 144
= 134
86
20
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VASCULAR PROSTHETIC DELIVERY DEVICE AND METHOD OF USE

RELATED APPLICATION

This application claims the benefit of U.S. Provisional Application No.
61/623,235, filed on April 12, 2012. The entire teaching of the above application is

incorporated herein by reference.

BACKGROUND OF THE INVENTION

An aortic aneurysm is an enlargement or bulge in a section of the aorta,
which can be life-threatening. Treatment of aortic aneurysms remain a challenge.
Endovascular repair has become a viable alternative to open repair of an aortic
aneurysm. An endovascular approach results in insertion of an endovascular graft to
exclude the aneurysm sac from blood flow. Once in place, the endovascular graft is
expanded to create a new path for blood flow. The endovascular graft remains inside
the aorta permanently through the use of a metal stent creating a tight fit and seal
against the wall of the aorta. Currently, endovascular delivery devices have
limitations on the precise control that the physician has in placement of the graft at
the site of the ancurysm. Thus, there is a need to develop new and improved

delivery devices and methods of using delivery devices to treat aortic aneurysms.

SUMMARY OF THE INVENTION

The invention is generally directed to a delivery device for implanting a
vascular prosthesis, and to a method of use of the delivery device.

In one embodiment, the delivery device includes a guidewire catheter having
a proximal end and a distal end, and a delivery assembly extending about the
guidewire catheter. The delivery assembly includes a handle body, a delivery
catheter, a push rod, a proximal handle and a locking mechanism. The handle body
has a major longitudinal axis, a proximal end and a distal end. The delivery catheter

has a distal end extending from within the distal end of the handle body and about

1425763.1
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the guidewire catheter. The push rod extends about the guidewire catheter and
within the delivery catheter. The push rod is fixed to the guidewire catheter at a
proximal end of the guidewire catheter proximal to the handle body. The proximal
handle extends about the handle body and is axially fixed to the delivery catheter,
wherein the proximal handle is selectively fixed to the push rod, and wherein the
proximal handle is rotatable about the handle body and rotation of the proximal
handle about the handle body translates to longitudinal movement of the delivery
catheter and, selectively, of the push rod relative to the handle body. The locking
mechanism at the handle body selectively engages the proximal handle with the
push rod.

In an embodiment, the delivery device includes an actuator at the proximal
handle that selectively disengages the proximal handle from the handle body,
whereby rotation of the proximal handle is independent of longitudinal movement of
the delivery catheter relative to the handle body. In another embodiment, the
proximal handle includes an end that defines tecth that move transversely to a major
longitudinal axis of the handle body when the proximal handle is rotated about the
handle body. In this embodiment, the delivery device further includes a gear rack
extending along the major longitudinal axis of the handle body, a linking gear
engaging the teeth of the proximal handle end, the linking gear being rotatable about
an axis transverse to the axis of rotation of the proximal handle, and a pinion gear.
The pinion gear engages the gear rack and the linking gear, whereby rotation of the
proximal handle about the handle body translates to the longitudinal movement of
the delivery catheter and, selectively, of the push rod relative to the handle body.
The actuator selectively disengages the linking gear from the pinion gear, thereby
selectively disengaging rotation of the proximal handle from longitudinal movement
of the proximal handle along the handle body.

In still another embodiment, the actuator of the delivery device includes an
actuator housing, a push-button, a pinion gear extension, a ball bearing and a
frustoconical center-pin. The actuator housing extends about the handle body and is
rotatably linked to the proximal handle, whereby the actuator housing is movable

along the handle body without rotating about the handle body while the proximal



WO 2013/154749 PCT/US2013/031702

-3-

handle rotates about the handle body. The push-button is located at the actuator
housing. The pinion gear extension defines a coaxial opening that is coaxial with
the pinion gear and defines at least one lateral opening that extends laterally from
the coaxial opening. The ball-bearing sits at least partially within the lateral opening
and locks the relative rotation of the linking gear and the pinion gear when displaced
to extend radially beyond the pinion gear extension. The frustoconical center-pin is
biased radially outward from the major longitudinal axis of the handle body and
abuts the push-button, whereby the frustoconical center-pin displaces the ball
bearing radially outward through the lateral opening and locks the relative rotation
of the linking gear and the pinion gear by the outward bias, thereby causing
longitudinal movement of the proximal handle along the handle body when the
proximal handle is rotated about the handle body and, when the push-button is
depressed, selectively disengages the linking gear from pinion gear, thereby
selectively disengaging rotation of the proximal handle from the longitudinal
movement of the proximal handle along the handle body.

Another embodiment of the delivery device of the invention includes a distal
grip at the distal end of the handle body, and the locking mechanism includes a
shifting knob, a drive shaft, a drive gear and a first locking component. The shifting
knob is located at the distal grip and is rotatable about the handle body and defines
teeth along the inside of the shifting knob that move transversely to the major
longitudinal axis of the handle body when the shifting knob is rotated about the
handle body. The locking mechanism has at least two fixed positions relative to the
handle body. The drive shaft has a proximal end and a distal end, wherein the distal
end defines teeth that engage directly or indirectly, the teeth of the shifting knob,
and extend along a major longitudinal axis of the driveshaft. The drive gear is along
the drive shaft and defines teeth that engage, directly or indirectly, the teeth along
the drive shaft, whereby the shifting knob is engaged with the drive gear at all
positions of the shifting knob. The first locking component extends about the push
rod and is linked to the proximal handle and the drive gear, whereby, in a first
position of the shifting knob, the first locking component engages the proximal

handle with the push rod, and rotation of the shifting knob from the first position to
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a second position causes rotation of the drive shaft which, in turn, causes rotation of
the drive gear and disengagement of the first locking component from the push rod,
thereby allowing independent movement of the delivery catheter along the
longitudinal axis of the handle body relative to the push rod when the proximal
handle is moved along major longitudinal axis of the handle body.

In another embodiment of the invention, the locking mechanism further
includes a second locking component. The second locking component extends
about the push rod, is fixed to the handle body, and is linked to the shifting knob
through the drive shaft, whereby rotation of the shifting knob from the first position
to the second position causes engagement between the handle body and the push
rod, thereby preventing longitudinal movement of the push rod relative to the handle
body when the proximal handle is moved along the major longitudinal axis.

In yet another embodiment, the delivery device of the invention includes an
apex delivery device that includes an apex clasp assembly and proximal clasp
assembly. The apex clasp assembly includes a distal capture component at a distal
end of the guidewire catheter, a proximal capture component in mateable relation to
the distal capture component, and an apex release catheter having a proximal end,
wherein the apex release catheter extends about the guidewire catheter and is fixed
to the proximal capture component. The proximal clasp assembly includes a fixed
component at the proximal end of the guidewire catheter and an outer coupling at
the proximal end at the apex release catheter in mateable relation with the fixed
component of the proximal clasp assembly, whereby movement of the outer
coupling relative to the fixed component from a first position to a second position
will cause relative movement of the proximal capture component relative to the
distal capture component of the apex clasp assembly.

In still another embodiment, the invention includes the delivery device that
includes a gear rack, a handle extending about the gear rack and defining teeth at an
end of the handle, the handle being rotatable about the gear rack, a pinion gear that
is rotatable about an axis that intersects with the axis of rotation of the handle and
engages the gear rack, a linking gear that selectively rotates with rotation of the

pinion gear, an actuator that selectively engages the pinion gear with the linking
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gear, and a delivery catheter fixed to the handle, whereby rotation of the handle
selectively moves a delivery catheter relative to the gear rack upon engagement of
the pinion gear with the linking gear by the actuator.

In yet another embodiment, the invention is a method for delivering a
vascular prosthesis to a treatment site of a subject. The method includes advancing
the vascular prosthesis, while mounted at a proximal end of the prosthesis to an apex
delivery device fixed to a distal end of a guidewire catheter, to a position distal to a
vascular treatment site of the subject. A proximal handle is rotated in a first
direction about a handle body, having a distal end, of a delivery device through
which the guidewire catheter extends. The guidewire catheter is disposed within a
push rod that also extends through the handle body, wherein the guidewire catheter
is fixed to the push rod, whereby rotation of the proximal handle causes longitudinal
movement of the guidewire catheter and the push rod along the handle body to
thereby at least partially advance the prosthesis to the treatment site, the prosthesis
being advanced from within an outer catheter extending from a distal end of the
handle body and about the prosthesis. The position of a first locking component
securing the proximal handle to the push rod is shifted from a first position to a
second position, wherein the first locking component disengages the proximal
handle from the push rod and a second locking component engages the push rod
with the handle body. The proximal handle is then rotated in a second direction,
whereby a delivery catheter, having a distal end and extending about the push rod, is
withdrawn along the push rod, and a delivery sheath extending from the distal end of
the delivery catheter is at least partially retracted from about the prosthesis. The
proximal end of the prosthesis is then released from the apex delivery device. The
second locking component is shifted to disengage the push rod from the handle
body, and the push rod and the guidewire catheter are withdrawn from within the
prosthesis, thereby delivering the vascular prosthesis to the treatment site.

The delivery device and method of its use of the invention have many
advantages. For example, rotation of the proximal handle to thereby advance the
push rod and a vascular prosthesis at the end of the push rod provides increased

control over movement of the vascular prosthesis during implantation at a treatment
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site. Further, selective engagement of the proximal handle and the push rod enables
disengagement of the proximal handle from the push rod to thereby provide for
controlled retraction of a delivery sheath from the vascular prosthesis by rotation of
the proximal handle in an opposite direction to that which is employed to advance
the vascular prosthesis to the treatment site. In addition, an actuator of the delivery
device enables selective disengagement of the proximal handle from the handle
body, whereby the proximal handle can be moved along the handle body without
rotation of the proximal handle, thereby providing another degree of freedom of
movement of the vascular prosthesis during advancement of the vascular prosthesis
to the treatment site and during retraction of the delivery sheath from the prosthesis
once the prosthesis has been advanced to the treatment site. The delivery device of
the invention also has the advantage of causing engagement of the push rod with the
handle body upon disengagement of the proximal handle from the push rod, thereby
enabling withdrawal of the delivery sheath from the vascular prosthesis without
entrainment of the vascular prosthesis while the delivery sheath is being retracted
from the vascular prosthesis by movement of the proximal handle. Further, the apex
delivery device is controllable at a proximal end of the push rod and guidewire
catheter, thereby enabling selective release of a proximal end of the vascular
prosthesis at the treatment site while remaining components of the delivery device
remain stationary. In addition, the push rod can be disengaged from both the handle
body and the proximal handle, thereby enabling retraction of the push rod, guidewire
catheter and apex delivery device from within the vascular prosthesis once it has
been implanted at the delivery device, thereby minimizing potential disruption of the

vascular prosthesis once it has been implanted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of one embodiment of the delivery device of the
invention.

FIG. 2 is a perspective view of one embodiment of a shifting knob,
driveshaft and actuator, of the invention.

FIG. 3 is a perspective view of the shifting knob and driveshaft of the

embodiment shown in FIG. 2.
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FIG. 4 is a perspective view of a shifting knob, distal handle, distal handle
nose, and a cross-sectional view, in part, of a handle body and delivery catheter of
another embodiment of the invention.

FIG. 5 is a partial cutaway section of the portion of the embodiment of the
delivery device of the invention shown in FIG. 4.

FIG. 6 is a partial cutaway section of a detail of a portion of the handle body,
intermediate gear, reduction gear and connecting gear, all of which link the shifting
knob with the driveshaft of the embodiment of the invention shown in FIG. 4.

FIG. 7 is a partial cutaway view of the embodiment of FIG. 4, showing a
cross-sectional view of the distal handle and a base to which outer catheter is
connected at distal handle nose.

FIG. 8 is a partial cutaway, of the embodiment of FIG. 4 showing
constricting rings extending about a delivery catheter.

FIG. 9 is another embodiment of a partial cutaway of the delivery device of
FIG. 1 showing an actuator and a push button at the proximal end of a slot defined
by the handle body.

FIG. 10 is a perspective view of first locking component, and second locking
component, and their relation to the drive shaft of the embodiment shown in FIG. 1.

FIG. 11 is another representation of a first locking component and a second
locking component, and a first locking component housing and a second locking
component housing stabilizing the spatial relation between the first locking
component and the second locking component, respectively, relative to the drive
shaft of the embodiment of FIG. 1.

FIG. 12A is another perspective view of the embodiment of FIG. 1, showing
displacement of the proximal handle and the actuator along the handle body
consequent to rotating of the proximal handle about the handle body or depressing
the push button of the actuator to thereby allow longitudinal movement of the
actuator and the proximal handle without rotation of the proximal handle.

FIG. 12B is another perspective view of the embodiment of FIG. 1, wherein

a proximal handle has been advanced along the handle body of the delivery system.
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FIG. 13 is a detail of the proximal handle and the actuator at the handle body
of the embodiment of the invention shown in FIG. 1, without the actuator housing.

FIG. 14 is a perspective view of the detail of FIG. 13, without the push
button of the actuator shown in FIG. 13.

FIG. 15 is a partial cutaway of the embodiment of FIG. 1 showing the
relation of the pinion and the linking gear assemblies relative to the first locking
component housing and the relationship of the first locking component housing to
the delivery catheter within the housing.

FIG. 16 is a perspective view of the first locking component housing and the
second locking component housing within a cutaway view of the handle body, along
with a perspective view of the linking gear assembly and the pinion gear assembly
of the actuator.

FIG. 17 is a side view of the representation of the invention, as shown in
FIG. 16.

FIG. 18 is a partial cutaway of the distal end of handle body and second
locking component shown in FIGs. 16 and 17.

FIG.19 is a perspective view of a partial cutaway of the actuator shown in
FIG. 17.

FIG. 20 is a perspective view of a rack and proximal handle of the
embodiment shown in FIG. 1, and an alternate embodiment of the actuator of the
invention, lacking a linking gear assembly.

FIG. 21 is a perspective view, partially transparent, of the embodiment of the
pinion gear assembly of FIG. 20.

FIG. 22 is another view of the embodiment represented in FIG. 21.

FIG. 23 is a perspective view of the embodiment shown in FIGs. 21 and 22,
lacking the upper pinion gear shown in those figures.

FIG. 24 is another embodiment of the representation shown in FIG. 23.

FIG. 25 is a perspective view of one embodiment of a proximal clasp
assembly of one embodiment of the invention.

FIG. 26 is a partial cutaway of the proximal clasp assembly shown in FIG.
25.
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FIGs. 27A-27C are perspective sectional views of the distal end of the
delivery device shown in FIG. 1.

FIG. 28A is a perspective view of the shifting knob in the first position,
wherein the push rod is fixed to the proximal handle and the prosthesis is
undeployed.

FIG. 28B is a detailed perspective view of proximal clasp assembly in a first
position, whereby the apex clasp assembly is unopened.

FIG. 28C is a detailed perspective view of the shifting knob in the first
position.

FIG. 29A is a perspective view of the delivery device of FIGs. 28 A-28C
showing advancement of the delivery sheath containing the prosthesis when the
shifting knob is in a second position, wherein the push rod is fixed to the handle
body.

FIG. 29B is a detailed perspective view of advancement of the delivery
sheath of FIG. 29A.

FIG. 30A is a perspective view of the delivery device of FIGs. 29A, 29B
showing advancement of the delivery sheath.

FIG. 30B is a detailed perspective view of the shifting knob of FIG. 30A in a
second position.

FIG. 31A is a perspective view of the delivery device of FIGs. 30A, 30B,
wherein the delivery sheath has been partially retracted from the prosthesis.

FIG. 31B is a representation of an apex clasp assembly of one embodiment
of the invention in a closed position.

FIG. 32A is a perspective view of the delivery device of FIG. 31A, wherein
the apex clasp assembly is opened by actuation of the proximal clasp assembly to
thereby release the apices of the proximal stent of the prosthesis shown in FIG. 32C.

FIG. 32B is a representation of the proximal clasp assembly of FIGs. 25, 26,
whereby an apex clasp assembly, not shown, has been opened.

FIG. 32C is a representation of the apex clasp assembly of one embodiment

of the invention, in an open position.
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FIG. 33A is a perspective view of the delivery device of FIG. 32A, wherein
the shifting knob has been moved to the third position, whereby the push rod has
been released from the proximal handle and the handle body and, wherein the push
rod has been retracted from the fully deployed prosthesis.

FIG. 33B is a perspective view of the shifting knob in the third position as
shown in FIG. 33A.

DETAILED DESCRIPTION OF THE INVENTION

While this invention has been particularly shown and described with
references to example embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without
departing from the scope of the invention encompassed by the appended claims.

One embodiment, of the delivery device 10 of the invention is shown in FIG.
1. Delivery device 10 includes guidewire catheter 12 (FIGs. 10, 11) having a
proximal end and a distal end. “Proximal,” as a term employed herein with
reference to the delivery device and its components, means relatively close to the
surgeon operating the delivery device. “Distal,” as a term employed herein with
reference to the delivery device and its components, means relatively distal from the
surgeon operating the delivery device. “Proximal,” as a term employed herein with
reference to the prosthesis, stent-graft and components, means relatively close to the
heart of the patient. “Distal,” as a term employed herein with reference to the
prosthesis, stent-graft and components, means relatively distal from the heart of the
patient. Returning to FIG. 1, delivery device 10 includes delivery assembly 18 that
extends about the guidewire catheter (not shown). Delivery assembly 18 includes
handle body 20 having major longitudinal axis 22, proximal end 24 and distal end
26. Delivery catheter 28 (FIG. 9) has distal end 30 (FIG. 27A) extending from
within distal end 26 of handle body 20 and about the guidewire catheter (not shown).
Push rod 32 extends about guidewire catheter 12 and within delivery catheter 28
(F1Gs. 10, 11). Push rod 32 is fixed to guidewire catheter 12 at proximal end 34 of
push rod 32 proximal to the handle body at pin 192 (FIG. 25). Referring back to
FIG. 1, proximal handle 36 extends about handle body 20 and is axially fixed to



WO 2013/154749 PCT/US2013/031702

-11 -

delivery catheter 28. Proximal handle 36 is selectively fixed to push rod 32, wherein
proximal handle 36 is rotatable about handle body 20 and rotation of proximal
handle 36 about handle body 20 translates to longitudinal movement of delivery
catheter 28 along longitudinal axis 22 and, selectively, of push rod 32 relative to
handle body 20, as can be seen by comparing FIGs. 12A with FIG. 12B. First
locking mechanism 38 (FIG. 15) at handle body 20 selectively engages proximal
handle 36 (FIGs. 12A and 12B) with push rod 32.

Distal handle 40 extends about handle body 20 at distal end 26 of handle
body 20 and is distal to shifting knob 42 of first locking mechanism 38 ((FIG. 15).
Distal handle nose 44 (FIG. 1) extends distally from distal handle 40 and includes
flush port 46 for providing fluid communication between a solution source (not
shown) and interior components of delivery device 10, as necessary, to hydrate
contact between components of delivery device 10 and a vascular prosthesis (not
shown) within a subject during implantation of the vascular prosthesis in the subject.
Outer catheter 48 extends from distal handle nose 44 (FIG. 1).

Actuator 80 is linked to proximal handle 36, whereby proximal handle 36
can rotate about handle body 20 while push-button 82 at housing 81 of actuator 80
remains aligned with slot 84 defined by handle body 20. Depression of push-button
82 of actuator 80 selectively disengages proximal handle 36 from handle body 20,
whereby rotation of proximal handle 20 is independent of longitudinal movement of
delivery catheter 12 relative to handle body 20 along longitudinal axis 22.

As can be seen in FIG. 2, shifting knob 42 is linked to drive gear 86 by drive
shaft 88. Drive shaft 88 has proximal end 90 and distal end 92, and runs along the
interior of the handle body 20 (not shown). As can be seen in FIG. 3, shifting knob
42 is linked to drive shaft 88, in one embodiment, by intermediate gear 94A,
whereby rotation of shifting knob 42 about handle body 20 causes rotation of drive
shaft 88 by virtue of linkage between shifting knob 42 and drive shaft 88 by
intermediate gear 94A. In this embodiment, shifting knob 42 is linked to drive shaft
88 indirectly, as opposed to direct linkage. “Direct linkage” would be direct contact
with each other. Shifting knob 42 is rotatably linked to distal handle 40, which is
fixed to distal end 26 of handle body 20, as shown in FIG. 1.
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In another embodiment, shown in FIGs. 4 and 5, linkage between shifting
knob 42 and drive shaft 88 includes a gear reduction at intermediate gear 94B that is
linked to coaxial reduction gear 96 which, in turn, is linked to connecting gear 98
that is coaxially linked to drive shaft 88. By virtue of the gear reduction, the rate of
rotation of shifting knob 42 relative to drive shaft 88 can be controlled by the
relative dimensions of reduction gear 96 and connecting gear 98 (FIGs. 5, 6, 7).
Typically, the rotation ratio, or reduction ratio, of shifting knob 42:drive shaft 88 is
in a ratio of between about 1:2 and about 1:6. The relationship between reduction
gear 96 and connecting gear 98 can be seen in greater detail in FIG. 6.

As can be seen in greater detail in FIG. 7, delivery catheter 28 extends
through handle body 20, distal handle 40 and distal handle nose 44. Referring back
to FIG. 5, outer catheter 48 is linked to base 102, whereby outer catheter 48 is
rotatable independently of handle body 20. As shown in FIG. 8, constricting rings
104 extend along the delivery catheter 28 within handle body 20. As shown in
FIGs. 8 and 9, constricting rings 104 have an outside diameter greater than the width
of slot 84, whereby constricting rings 104 will prevent application of longitudinal
compressive force by proximal handle 36 on delivery catheter 28 from causing
delivery catheter 28 to buckle and thereby move through slot 84 and outside of
handle body 20. Constricting rings 104 also have an inside diameter slightly less
than the outside diameter of delivery catheter 28, whereby constricting rings 104
will have an interference fit with delivery catheter 28, so that constricting rings 104
can move longitudinally along delivery catheter 28 if directed, but otherwise will
remain in place relative to delivery catheter 28. Gear rack 106 extends
longitudinally within handle body 20. Pin 108 at distal end of handle body 20
extends from distal end 26 of handle body 20 and is selectively slotted within slots
110,112,114 of shifting knob 42. Shifting knob 42 is longitudinally moveable along
handle body 20 and is rotatable about handle body 20 sufficient to allow rotation of
shifting knob 42 to move placement of pin 108 within any of slots 110,112,114 of
shifting knob 42, which thereby causes rotation of intermediate gear 94. As a
consequence, drive shaft 88 rotates about longitudinal axis 116 of drive shaft §8.

Shifting knob 42 is a biased against pin 108 by spring 118 (FIG. 7).
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As can be seen in FIG. 9, gear rack 106 and drive shaft 88 extend the length
of slot 84. FIG. 10 shows the relation between drive shaft 88, push rod 32 and first
locking mechanism 38. Push rod 32 extends through first locking mechanism 38
which, in turn, is engaged with drive shaft 88 at drive gear 86 of first locking
mechanism 38. First locking mechanism 38 is fixed relative to proximal handle (not
shown) at distal bearings 120 through which push rod 32 extends. Distal bearings
120 are linked to first locking component housing 150 by pins 122. First locking
component 124 of first locking mechanism 38 is fixed relative to distal bearings 120
at distal end 126 and linked to drive gear 86 at proximal end 128, whereby rotation
of drive shaft 88 and consequent rotation of drive gear 86 will further coil, or reduce
coil, of first locking component 124, resulting in engagement or disengagement,
respectively, of locking mechanism 38 and, consequently, proximal handle (not
shown), with push rod 32. When first locking mechanism 38 is engaged with push
rod 32, longitudinal movement of proximal handle (not shown) along drive shaft 88
and, thus, handle body 20, will cause longitudinal movement of push rod 32 along
drive shaft 88 and handle body 20, as can be seen by comparing FIGs. 12A and 12B.

Referring back to FIGs. 10, 11, drive shaft 88 is rotatably fixed to handle
body 20 (FIG. 9) at driveshaft bearing 130, which is part of second proximal locking
component housing 152 at proximal end 90 of drive shaft 88. Second locking
mechanism 132 includes translating gear 134 that is engaged with drive shaft 88 at
proximal end 90 of the drive shaft 88 and is rotatably engaged with mechanism
bearings 136 (FIG. 11), including proximal bearing 138 (FIG. 10) and distal bearing
140 (FIG. 10) which, in turn, are fixed relative to handle body 20 at pins 142.
Proximal bearing 138 is radially and axially fixed to handle body 20. Distal bearing
140 is axially fixed to handle body 20. Second locking component 144 of second
locking mechanism 132 is engaged with one of proximal bearing 138 at proximal
end 146 of second locking component 144, and engaged with translating gear 134 at
distal end 148 of second locking component 144, whereby rotation of drive shaft 88
and, consequently, rotation of translating gear 134 will tighten and engage, or loosen
and disengage, second locking component 144 with push rod 32. When engaged

with push rod 32, second locking component 144 causes push rod 32 to be fixed in
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location relative to handle body (not shown). When loosened and disengaged from
push rod 32, push rod 32 is longitudinally movable relative to handle body (not
shown). The orientation of first locking component 124 and second locking
component 144 are reversed, whereby rotation of drive shaft 88 in one direction will,
simultancously, cause engagement and disengagement of first locking component
124 and second locking component 144 with push rod 32, respectively.
Disengagement of first locking component 124 from push rod 32 is caused by
movement of shifting knob 42 from a first position defined by pin 108 at slot 110 of
shifting knob 42 to second position 112, defined by pin 108 at second slot 112 of
shifting knob 42 (FIG. 9). The same movement from the first to second position of
shifting knob 42 will simultaneously cause engagement of second locking
component 144 with push rod 32, whereby push rod 32 will be fixed in position
relative to handle body 20 at second locking component 144 regardless of movement
of proximal handle 36 along longitudinal axis 116 of handle body 20. Referring
back to FIGs. 8 and 9, positioning shifting knob 42, so that pin 108 is at intermediate
slot 114 between the first slot 110 and second slot 112 of shifting knob 42, will
cause both first locking component 124 and second locking component 144 to be
disengaged from push rod 32.

As can be seen in FIG. 11, first locking component housing 150 fixes lateral
movement of first locking component 124 and drive shaft 88, and second locking
component housing 152 fixes the position of second locking component 144 and
bearings 138,140 relative to proximal end 90 of drive shaft 88, respectively.

Further, as can also be seen in FIG. 11, apex release catheter 154 extends within
push rod 32 and guidewire catheter 12 extends within apex release catheter 154.

FIGs. 12A and 12B indicate relative movement of actuator 80 and proximal
handle 36 along handle body 20. Rotation of proximal handle 36 about handle body
20, when push button 82 is in a first position, as shown in FIGs. 12A and 12B, will
cause longitudinal movement of proximal handle 20 and actuator 80 along handle
body 20. Upon depression of push button 82 to a second position essentially flush
with actuator housing 81, rotation of proximal handle 36 will not cause longitudinal

movement of proximal handle 36 or actuator along handle body 20. Rather,



WO 2013/154749 PCT/US2013/031702

-15 -

proximal handle 36 and actuator 80 will be movable along handle body 20 without
rotation of proximal handle 36 about handle body 20.

As can be seen in FIGs. 13-135, teeth 156 of proximal handle 36 engage upper
linking gear 160 of linking gear assembly 158. Linking gear assembly 158 is
engaged with pinion gear assembly 164. Lower linking gear 162 of linking gear
assembly 158 engages upper pinion gear 166 of pinion gear assembly 164. Pinion
gear assembly 164 is linked to first locking component housing 150 (FIG. 11)
through slot 84. Linking gear assembly 158 and pinion gear assembly 164 are
components of actuator 80, referenced with respect to FIG. 1. FIG. 161s a
perspective view of actuator 80 of FIG. 1 (without housing 81 or pushbutton 82), of
first locking component housing 150 and second locking component housing 152.

As can be seen in FIG. 17, upper pinion gear 166 is coaxial with lower
pinion gear 168 which, in turn, engages gear rack 106. Referring back to FIGs. 16
and 17, delivery catheter 28 is linked to first locking component housing 150 and,
thus, will move longitudinally along housing 150, with movement of proximal
handle 36 and actuator 80 as shown in FIG. 1 regardless of whether first locking
component 124 is engaged with push rod 32. Therefore, when upper pinion gear
166 engages lower pinion gear 168, rotation of proximal handle 36 (as shown in
FIG. 1) about handle body 20 will cause rotation of linking gear assembly 158 (FIG.
13) and, consequently, rotation of pinion gear assembly 164 (FIG. 13) and
movement of pinion gear assembly 164 (FIG. 13) along gear rack 106 (FIGs. 16 and
17), and movement of proximal handle 36 (FIG. 1) and actuator 80 (FIG. 17) along
handle body 20. Further, while first locking component 124 is engaged with push
rod 32, rotation of proximal handle 36 will cause longitudinal movement of push rod
32 along handle body 20. In all cases, movement of proximal handle 36 and
actuator 80 along handle body 20 will always occur together, and will cause
movement of delivery catheter 28 longitudinally along handle body 20.

However, as will be further explained below, depression of center pin 170
disengages upper pinion gear 166 from lower pinion gear 168. When upper pinion
gear 166 is disengaged from lower pinion gear 168, rotation of proximal handle 36

about handle body 20 does not cause longitudinal movement of the proximal handle
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36 and actuator 80 along handle body 20. Further, longitudinal movement of
proximal handle 36 and actuator 80 along handle body 20 can be obtained simply by
moving proximal handle 36 and actuator 80 along handle body 20 without rotation
of proximal handle 36 about handle body 20 (FIGs. 1,12A and 12B).

FIG. 18 shows placement of the second locking component housing 152
within proximal end 24 of handle body 20 and second locking component 144
extending between bearings 138,140. As stated above, rotation of translating gear
134 by virtue of rotation of drive shaft 88 (FIGs. 10, 11) will cause engagement or
disengagement of second locking component 144 with push rod 32 extending
through second locking component 144 and, consequently, engagement and
disengagement of push rod 32 with proximal end 24 of handle body 20.

FIG. 19 is another perspective view of linking gear assembly 158 and pinion
gear assembly 164 of actuator 80 (FIG. 1).

As an alternative embodiment, shown in FIG. 20, push button 82 rests atop
center-pin 170, which extends through upper pinion gear 166. As can also be seen
in FIGs. 20 and 21, lower pinion gear 168 is engaged with gear rack 106 and
includes pinion gear extension 169 that is axially aligned with lower pinion gear 168
that is axially aligned with upper pinion gear 166. Lower portion 172 of pinion gear
168 extends into opening 174 (FIG. 11) defined by first locking component housing
150 (FIG. 11), thereby fixing the position of pinion gear assembly 164 relative to
first locking component housing 150 (FIG. 11), distal bearing 120 (FIG. 11), first
locking component 124 and drive gear 86, all of which are shown, in a previous
embodiment, in FIG. 11.

FIG. 21 is a perspective view showing engagement of lower pinion gear 168
with gear rack 106 and frustoconical portion 176 of center-pin 170. As can be seen
in FIGs. 22 and 23, ball bearings 178 extend through openings 180 defined by
pinion gear extension 169 and, when center pin 170 is in an extended position, as
shown in FIG. 22, frustoconical portion 176 of center pin 170 forces ball bearings
178 outwardly and into interfering relation with openings 182 (FIG. 21) defined by
upper pinion gear 166 (FIGs. 21 and 22) thereby engaging upper pinion gear 166

with lower pinion gear 168. When center pin 170 is actuated by depressing button
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82 (FIG. 1), as shown in FIG. 23, ball bearings 178 are forced inward by rotation of
upper pinion gear 166 (FIG. 22) relative to lower pinion gear 168 (FIG. 22),
whereby upper pinion gear 166 is no longer engaged with lower pinion gear 168.
Center-pin 170 is biased in an outward position, whereby upper pinion gear 166 is
directed into engagement with lower pinion gear 168 by spring 184 located at the
base of center pin 170 (not shown in FIG. 22 or 23).

As can be seen in FIG. 32C, nose cone 50 is fixed to guidewire catheter 12 at
a distal end 16 of the guidewire catheter 12. Vascular prosthetic component 58 is
disposed within delivery device 10 proximal to nose cone 50 (FIG. 27A).

FIGs. 25 and 26 show perspective and cut-away views, respectively, of the
proximal clasp assembly 184 component of the invention. As can be seen in FIG.
25, outer coupling 186 is slideable along proximal end 34 of push rod 32. Fixed
component 188 is fixed to the proximal end of the guidewire catheter by pin 192.
Outer coupling 186 and fixed component 188 are in mating relation at juncture 190.
Spring 194 within outer coupling 186 biases outer coupling 186 against fixed
component 188. Proximal clasp assembly 184 is moved from a first position, shown
in FIGs. 25, 28B to a second position, shown by applying pressure to tongues 196 on
either side of outer coupling 186, and directing outer coupling 186 distally in
sufficient degree to allow rotation of outer coupling 186 ninety (90) degrees and
then retracting outer coupling 186 so that tongues 196 of outer coupling 186 align
between tongues 198 of fixed component 188, as shown in FIG. 32B. Movement of
outer coupling 186 from the first position, shown in FIG. 25, to the position shown
in FIG. 32B, causes opening of apex clasp assembly 52, whereby proximal capture
component is retracted from a first position that is in mating relation to the distal
capture component 56 of apex clasp assembly 52 shown in FIG. 31B, to a second
position, shown in FIG. 32C, wherein proximal capture component 54 is no longer
in mating relation with distal capture component 56. Proximal movement of outer
coupling 186 of proximal clasp assembly 184 (FIGs. 25, 28B, 32B) relative to a
fixed component 188 to separate proximal capture component 54 (FIG. 31B) from
distal capture component 56 (FIGs. 31B, 32C) releases apices 68 of stent 66 at

proximal end 60 of vascular prosthetic component 58.
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FIGs. 27A-27C are cross sectional views of a portion of delivery device 10
of the invention showing a vascular prosthetic component 58 in an undeployed state
within a distal end 202 of delivery device 10. Specifically, as shown in FIG. 27A,
vascular prosthetic component 58 is within delivery sheath 200. Distal end 62 of
vascular prosthetic component 58 abuts buttress 204. Buttress 204, in turn, is mated
to push rod 32 at distal end 206, proximal end 60 of vascular prosthetic component
58 captured at apices 68 of proximal stent 66 with apex clasp assembly 52 when
apex clasp assembly 52 is in a closed position, as shown in FIG. 27A. Apex class
assembly 52 includes distal capture component 56 at distal end 16 of guidewire
catheter 12, and proximal capture component 54 is in mateable relation to distal
capture component 56, and attached to distal end 210 of apex release catheter 154.
Apex release catheter 154 extends about guidewire catheter 12, and both apex
release catheter 154 and guidewire catheter 12 extend through vascular prosthetic
component 58 and push rod 32 to proximal clasp assembly 184 (FIG. 26). Delivery
sheath 200 is fixed at its proximal end to delivery catheter 28 at distal end 30 and
extends about vascular prosthetic component 58 to apex clasp assembly 52, as can
be seen in FIG. 27C. Returning to FIG. 27, nose cone 50 is fixed at guidewire
catheter 12 distally to distal capture component 56 of apex clasp assembly 52. Outer
catheter 48 extends from distal handle nose 44 (FIG. 1), and about delivery catheter
28 and delivery sheath 200, to nose cone 50.

As shown in FIGs. 28A-33B, a method for delivering a vascular prosthesis
to a treatment site of the subject employing a delivery device of the invention
includes advancing vascular prosthesis 58, while prosthesis 58 is mounted to apex
clasp assembly 52 at proximal end 60 of the prosthesis 58. Proximal apex clasp
assembly 184 is in a first position shown in FIG. 28B, whereby apex clasp assembly
52 is closed (FIG. 31B). Apices of vascular prosthesis 58 are secured at apex clasp
assembly 52 when proximal clasp assembly 184 is in the first position. Apex clasp
assembly 52 is, in turn, fixed to distal end 16 of guidewire catheter 12, shifting knob
42 is in a first position when pin 108 is in slot 110 (FIG. 28C), causing push rod 32
to move with longitudinal movement of proximal handle 36. Prosthesis 58 is

advanced to a position distal to a vascular treatment site of the subject by rotation of
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proximal handle 36 in a first direction about handle body 20, having distal end 26, of
delivery device 10 through which guidewire catheter 12 extends. Guidewire
catheter 12 is disposed within push rod 32 that also extends through handle body 20,
wherein guidewire catheter 12 is fixed to push rod 32, such as at a proximal end of
guidewire catheter 12 or push rod 32 by pin 192 (FIG. 25), whereby rotation of
proximal handle 36 causes longitudinal movement of guidewire catheter 12 and push
rod 32 along handle body 20 to thereby at least partially advance prosthesis 58 from
outer catheter 48 as can be seen in FIGs. 29A-29B. Optionally, push button 82 of
actuator 80 can be depressed to disengage rotation of proximal handle 36 from
longitudinal movement of proximal handle 36 along handle body 20, to thereby
allow manual advancement of vascular prosthesis 58 to the vascular treatment site of
the subject without rotation of proximal handle 36 about handle body 20.

Shifting knob 42 is shifted from a first position, wherein first locking
component 124 (FIGs. 10, 11) secures proximal handle 36 to push rod 32, to a
second position, whereby first locking component 124 (FIGs. 10, 11) disengages
proximal handle 36 from push rod 32 and second locking component 144 (FIGs. 10,
11) engages push rod 32 with handle body 20 at proximal end 24 of handle body 20.

As can be seen in FIGs. 31A and 31B, proximal handle 36 can then be
rotated in a second direction, while actuator push button 82 is not depressed,
whereby delivery catheter 28, having a distal end 30 (FIG. 24A) and extending about
push rod 32, is withdrawn along push rod 32, and delivery sheath 200 extending
from distal end of the delivery catheter (FIGs. 4 through 9) is at least partially
retracted from about prosthesis 52. Optionally, push-button 82 of actuator 80 can be
depressed, thereby disengaging rotation of proximal handle 36 from handle body 20,
to thereby fully retract of delivery sheath 200 from vascular prosthesis 58 without
rotation of proximal handle 36 about handle body 20, as can be seen in FIG. 32A.

Proximal clasp assembly 184 is then actuated by compressing outer coupling
186 and moving outer coupling 186 first distally, then rotating outer coupling 186
ninety degrees, and thereafter retracting outer coupling 186 to a second position,
shown in FIG. 32B, thereby retracting apex release catheter 154 within push rod 32

(F1Gs. 10, 11) and retracting proximal capture component 54 from distal capture
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component 56. Apices 68 of stent 66 at the proximal end 60 of vascular prosthesis
58 are released from apex clasp assembly 52, and prosthesis 58 is thereby released
from the delivery device 10, as can be seen in FIG. 32C. Shifting knob 42 is then
moved from the second position to the third position, wherein pin 108 is located in
slot 114 between first slot 110 and second slot 112, as can be seen in FIG. 33B,
thereby disengaging push rod 32 from handle body 20. Push rod 32 and guidewire
catheter 12 are then withdrawn from vascular prosthesis 58 by pulling push rod 32
through handle body 20, thereby completing delivery of vascular prosthesis 58 to the
treatment site, as can be seen in FIG. 33A.

While this invention has been particularly shown and described with
references to example embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without
departing from the scope of the invention encompassed by the appended claims

The relevant portion of all references cited herein and U.S. Patent No.
8,070,790 and U.S. Patent Application Nos. 12/459,387 (Publication No.
20100030255) and 12/723,431 (Publication No. 20100234932) are incorporated by

reference in their entirety.
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CLAIMS

1. A delivery device, comprising:

a) a guidewire catheter having a proximal end and a distal end; and

b) a delivery assembly extending about the guidewire catheter,

including:

)

iii)

a handle body, having a major longitudinal axis, a proximal
end and a distal end,

a delivery catheter having a distal end extending from within
the distal end of the handle body and about the guidewire
catheter,

a push rod extending about the guidewire catheter and within
the delivery catheter, the push rod being fixed to the
guidewire catheter at the proximal end of the guidewire
catheter proximal to the handle body,

a proximal handle extending about the handle body and
axially fixed to the delivery catheter, the proximal handle
being selectively fixed to the push rod, wherein the proximal
handle is rotatable about the handle body and rotation of the
proximal handle about the handle body translates to
longitudinal movement of the delivery catheter and,
selectively, of the push rod relative to the handle body, and

a locking mechanism at the handle body that selectively

engages the proximal handle with the push rod.

2. The delivery device of claim 1, further including an actuator at the proximal

handle that selectively disengages the proximal handle from the handle body,

whereby rotation of the proximal handle is independent of longitudinal

movement of the delivery catheter relative to the handle body.
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3. The delivery device of claim 2, wherein the proximal handle includes an end
that defines teeth that move transversely to a major longitudinal axis of the

handle body when the proximal handle is rotated about the handle body, and

further including,
a) a gear rack extending along the major longitudinal axis of the handle
body;

b) a linking gear engaging the teeth of the proximal handle end, the
linking gear being rotatable about an axis transverse to the axis of
rotation of the proximal handle; and

c) a pinion gear that engages the gear rack and the linking gear, whereby
rotation of the proximal handle about the handle body translates to
the longitudinal movement of the delivery catheter and, selectively,
of the push rod relative to the handle body, whereby the actuator
selectively disengages the linking gear from the pinion gear, thereby
selectively disengaging rotation of the proximal handle from

longitudinal movement of the proximal handle along the handle body.

4, The delivery device of claim 3, wherein the actuator includes,

a) an actuator housing that extends about the handle body and is
rotatably linked to the proximal handle, whereby the actuator housing
is movable along the handle body without rotating about the handle
body while the proximal handle rotates about the handle body;

b) a push-button at the actuator housing;

c) a pinion gear extension that defines a coaxial opening that is coaxial
with the pinion gear and defines at least one lateral opening that
extends laterally from the coaxial opening;

d) a ball-bearing that sits at least partially within the lateral opening and
locks the relative rotation of the linking gear and the pinion gear
when displaced to extend radially beyond the pinion gear extension;

and
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a frustoconical center-pin that is biased radially outward from the
major longitudinal axis of the handle body and abuts the push-button,
whereby the frustoconical center-pin displaces the ball bearing
radially outward through the lateral opening and locks the relative
rotation of the linking gear and the pinion gear by the outward bias,
thereby causing longitudinal movement of the proximal handle along
the handle body when the proximal handle is rotated about the handle
body and, when the push-button is depressed, selectively disengages
the linking gear from the pinion gear, thereby selectively disengaging
rotation of the proximal handle from longitudinal movement of the

proximal handle along the handle body.

5. The delivery device of claim 4, wherein further including a distal grip at the

distal end of the handle body, and wherein the locking mechanism includes:

a)

b)

d)

a shifting knob at the distal grip that is rotatable about the handle
body and defines teeth along the inside of the shifting knob that move
transversely to the major longitudinal axis of the handle body when
the shifting knob is rotated about the handle body, and wherein the
locking mechanism has at least two fixed positions relative to the
handle body;

a drive shaft having a proximal end and a distal end, wherein the
distal end defines teeth that engage the teeth of the shifting knob, and
extend along a major longitudinal axis of the drive shaft;

a drive gear along the drive shaft and that defines teeth that engage
the teeth along the drive shaft, whereby the shifting knob is engaged
with the drive gear at all positions of the shifting knob; and

a first locking component extending about the push rod, the locking
component being linked to the proximal handle and the drive gear,
whereby, in a first position of the shifting knob, the first locking
component engages the proximal handle with the push rod, and

rotation of the shifting knob from the first position to a second
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position causes rotation of the drive shaft which, in turn, causes
rotation of the drive gear and disengagement of the first locking
component from the push rod, thereby allowing independent
movement of the delivery catheter along the longitudinal axis of the
handle body relative to the push rod when the proximal handle is

moved along the major longitudinal axis of the handle body.

6. The delivery device of claim 5, wherein the locking mechanism further
includes a second locking component, the second locking component
extending about the push rod, fixed to the handle body and linked to the
shifting knob through the drive shaft, whereby rotation of the shifting knob
from the first position to the second position causes engagement between the
handle body and the push rod, thereby preventing longitudinal movement of
the push rod relative to the handle body when the proximal handle is moved

along the major longitudinal axis.

7. The delivery device of claim 6, further including an apex delivery device,
including:
a) an apex clasp assembly having,
1) a distal capture component at a distal end of the guidewire
catheter,
i1) a proximal capture component in mateable relation to the
distal capture component, and
1i1) an apex release catheter having a proximal end, the apex
release catheter extending about the guidewire catheter and
fixed to the proximal capture component; and
b) a proximal clasp assembly, having
1) a fixed component at the proximal end of the guidewire
catheter, and
i1) an outer coupling at the proximal end of the apex release

catheter and in mateable relation with the fixed component of
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the proximal clasp assembly, whereby movement of the outer
coupling relative to the fixed component from a first position
to a second position will cause relative movement of the
proximal capture component relative to the distal capture

component of the apex clasp assembly.

8. The delivery device of claim 7, wherein the shifting knob includes a third
position, wherein the first locking component and the second locking
component are disengaged from the push rod, whereby the push rod can be
moved longitudinally relative to the handle body and the proximal handle by
longitudinal movement of the push rod, thereby moving the guidewire

catheter independently of the proximal handle and the handle body.

9. The delivery device of claim 8, wherein the push rod can be rotated radially.

10.  The delivery device of claim 8, wherein the handle body defines a slot
through which the actuator extends, and further including a plurality of
constricting rings extending about the delivery catheter within the handle
body, the constricting rings having an outside diameter greater than that of
the slot, whereby the rings will prevent application of longitudinal
compressive force by the proximal handle on the delivery catheter from
causing the delivery catheter to buckle and thereby move through the slot
and outside the handle body.

11.  The delivery device of claim 10, wherein the constricting rings define an
inside diameter that is smaller than the outside diameter of the delivery
catheter, thereby forming an interference fit between them, and whereby the

constricting rings can move longitudinally along the delivery catheter.

12. The delivery device of claim 10, further including an outer catheter fixed to

and extending from the distal end of the handle body.
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The delivery device of claim 12, wherein the outer catheter is rotatable

relative to the handle body.

The delivery device of claim 13, further including a delivery sheath
extending distally from the distal end of the delivery catheter.

The delivery device of claim 14, further including a vascular prosthesis
radially constrained within the delivery sheath, and releasably fixed at a

proximal end of the prosthesis to the apex delivery device.

The delivery device of claim 15, further including at least one stent at the
proximal end of the prosthesis, whereby the proximal end of the prosthesis is

releasably fixed to the apex delivery device at the stent.

A delivery device, comprising,

a) a gear rack;

b) a handle extending about the gear rack and defining teeth at an end of
the handle, the handle being rotatable about the gear rack;

c) a pinion gear rotatable about an axis that intersects with the axis of

rotation of the handle and engages the gear rack;

d) a linking gear that selectively rotates with rotation of the pinion gear;
e) an actuator that selectively engages the pinion gear with the linking
gear; and

f) a delivery catheter fixed to the handle, whereby rotation of the handle
selectively moves the delivery catheter relative to the gear rack upon

engagement of the pinion gear with the linking gear by the actuator.

A method for delivering a vascular prosthesis to a treatment site of a subject,

comprising the steps of:
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advancing the vascular prosthesis, while the vascular prosthesis is
mounted at a proximal end of the prosthesis to an apex delivery
device that is fixed to a distal end of a guidewire catheter, to a
position distal to a vascular treatment site of the subject;

rotating a proximal handle in a first direction about a handle body,
having a distal end, of a delivery device through which the guidewire
catheter extends, the guidewire catheter disposed within a push rod
that also extends through the handle body, wherein the guidewire
catheter is fixed to the push rod, whereby rotation of the proximal
handle causes longitudinal movement of the guidewire catheter and
the push rod along the handle body to thereby at least partially
advance the prosthesis to the treatment site, the prosthesis being
advanced from within an outer catheter extending from a distal end of
the handle body and about the prosthesis;

shifting the position of a first locking component securing the
proximal handle to the push rod from a first position to a second
position, whereby the first locking component disengages the
proximal handle from the push rod and a second locking component
engages the push rod with the handle body;

rotating the proximal handle in a second direction, whereby a
delivery catheter having a distal end, the delivery catheter extending
about the push rod, is withdrawn along the push rod, and a delivery
sheath extending from the distal end of the delivery catheter is at least
partially retracted from about the prosthesis;

releasing the proximal end of the prosthesis from the apex delivery
device;

shifting the second locking component to disengage the push rod
from the handle body; and

withdrawing the push rod and the guidewire catheter from within the
prosthesis, thereby delivering the vascular prosthesis to the treatment

site.
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19.  The method of claim 18, further including the step of disengaging the
proximal handle from the handle body, whereby the proximal handle is
slidable along the handle body independently of rotation of the proximal
handle.

20. The method of claim 19, wherein the proximal handle is disengaged from the

handle body while advancing the prosthesis to the treatment site.

21. The method of claim 20, wherein the proximal handle is disengaged from the
handle body while retracting the delivery sheath from about the prosthesis.

22.  The method of claim 18, wherein the apex delivery device is an apex clasp
assembly, whereby apices of a stent of the prosthesis are held by the apex

clasp assembly until released.

23.  The method of claim 22, wherein the prosthesis is released from the apex
clasp assembly by retracting an apex release catheter extending about the
guidewire catheter, the apex release catheter being fixed to a proximal
capture component of the apex clasp assembly, whereby the proximal
capture component of the apex clasp assembly is separated from a distal
capture component of the apex clasp assembly, thereby releasing the apices
of the stent of the prosthesis from between the proximal and distal capture

components.

24.  The method of claim 23, wherein rotation of the proximal handle is
disengaged from movement of the proximal handle along the handle body by

activating an actuator at the proximal handle.

25.  The method of claim 24, wherein shifting the position of the first locking

component to disengage the proximal handle from the push rod is obtained
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by rotating a shifting knob having teeth extending about the handle body

from a first position to a second position.

The method of claim 25, wherein rotating the shifting knob from the first
position to the second position simultancously causes the second locking

component to engage the push rod with the handle body.

The method of claim 26, wherein the shifting knob is proximate to or at the

distal end of the handle body.

The method of claim 27, wherein the shifting knob is linked to the proximal
handle by a drive shaft having a proximal end and a distal end, wherein the
distal end defines teeth that engage, directly or indirectly, teeth of the
shifting knob that defines a row of teeth at the proximal end along a major

longitudinal axis of the drive shaft.

The method of claim 28, wherein the drive shaft engages a drive gear at the
proximal end of the drive shaft, whereby the shifting knob is engaged with
the drive gear at all positions of the shifting knob.

The method of claim 29, wherein the drive gear is engaged with the drive

shaft at all positions of the proximal handle along the handle body.
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