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DESCRIPTION

BACKGROUND

[0001] The present disclosure relates generally to methods for flushing trapped air from stent
graft delivery devices, catheters.

[0002] Endovascular methods have been proposed for treatment of diseases of the aorta such
as aortic dissection and aortic aneurysm. Using prostheses, such as stent grafts, to treat
aneurysms is common in the medical field. Stent grafts are deployed using stent graft
deployment systems by accessing a vasculature with a small incision in the skin and guiding a
delivery system to the target area. This endoluminal delivery is less invasive and generally
preferred over more intrusive forms of surgery.

[0003] Stent graft deployment systems are known to carry trapped air in the various spaces.
When introduced into the patient, the trapped air may cause air embolism within the patient. Air
emboli that may be introduced during endovascular methods can be detrimental to a patient's
outcome, often attributing to additional complications. There may be a higher risk of air
embolism with trapped air within the stent graft deployment systems, especially in larger bore
devices. Before such deployment systems are introduced into a patient, saline may be
introduced for flushing aspects of the deployment system to reduce the amount of trapped air.
Even so, more care must be taken to further reduce the amount of trapped air from stent graft
deployment systems in order to minimize any potential risk of air emboli into the patient's
vasculature

[0004] WO-A1-2012/096687 describes a pusher assembly for a stent delivery device including
a distal end of an elongate inner member and a stent-engaging member having a proximal end
and a distal end. The proximal end of the stent-engaging member is at least partially inside the
distal end of the elongate inner member. The stent-engaging member includes a portion that
radially outwardly extends towards the distal end of the stent-engaging member. The stent-
engaging member is configured to move a stent when distally advanced and is configured to
not move a stent when proximally retracted.

[0005] WO-A1-2016/172629 describes a personalized prosthesis for implantation at a
treatment site of a patient including a self-expanding mesh and/or membrane having collapsed
and expanded configurations. The collapsed configuration is adapted to be delivered to the
treatment site, and the expanded configuration is oversized relative to the treatment site and
configured to engage the personalized prosthesis with the treatment site. The self-expanding
mesh is configured to reduce in one or more dimensions in response to being constrained in
the one or more dimensions, such that the mesh in the expanded configuration self-adjusts to
the treatment site without buckling of the mesh. The self-expanding mesh or membrane forms
a central lumen configured to allow blood or other body fluids to flow therethrough. Methods of
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manufacturing and delivery of the personalized prosthesis are also disclosed.

[0006] US-A1-2014/277403 describes devices and methods for preparing a transcatheter
heart valve system. The device includes a housing, sealing apparatuses and a port. The
housing forms a chamber sized to receive a prosthetic valve and a portion of a delivery device.
During use, the prosthesis is seated in the chamber, and the sealing apparatuses operated to
seal the chamber about the delivery device. Air bubbles in a liquid delivered through the
delivery device and to the chamber are removed from the system via the port, thereby flushing
the system. Further, the device is manipulated to permit loading of the prosthesis into the
delivery device in an air bubble-free environment.

SUMMARY

[0007] A method of reducing air within a stent graft delivery device is described herein. The
method includes one or more of the following steps. A step includes providing a stent graft
delivery device comprising a guide wire catheter and a pusher catheter coaxially disposed over
the guide wire catheter. The pusher catheter is arranged relative to the guide wire catheter to
define a stent graft retention region. A manifold includes a manifold passageway longitudinally
receiving the pusher catheter. A sheath hub includes a hub passageway longitudinally
receiving the pusher catheter. A sheath arrangement longitudinally extends from the sheath
hub toward a proximal end of the guide wire catheter. The sheath arrangement is coaxial with
and surrounds the guide wire catheter and the pusher catheter. A first fluid port is defined by
the manifold and is in communication with the manifold passageway and the pusher lumen. A
second fluid port is defined by the sheath hub and is in communication with the hub
passageway and an annular space defined between the sheath arrangement and the pusher
catheter. A third fluid port is at a distal end of the guide wire catheter and is in communication
with a guide wire lumen that longitudinally extends within the guide wire catheter. A step
includes flushing a first liquid within the first fluid port. The first liquid traverses the manifold
passageway, and traverses proximally through the pusher lumen, through a proximal end
opening of the pusher catheter, and into the stent graft retention region. At least a partial
amount of first fluid exits the stent graft retention region at a proximal end of the sheath
arrangement. A step includes flushing a gas within the second fluid port, and after a period of
time subsequently flushing a second liquid within the second fluid port. Each of the gas and the
second liquid traverses the hub passageway, and traverses proximally through the annular
space and the stent graft retention region. At least a partial amount of gas and at least a partial
amount of second fluid exit the stent graft retention region at a proximal end of the sheath
arrangement. A step includes flushing a third liquid within the third fluid port. The third liquid
traverses proximally through the guide wire lumen. At least a partial amount of third fluid exits
out of the proximal end of the guide wire catheter. Less than 0.2 ml of air is present in the stent
graft delivery device after the flushing.

[0008] Another example of a method of reducing air within a stent graft delivery device is
provided. The method includes one or more of the following steps. A step includes providing a
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stent graft delivery device comprising a guide wire catheter, a dilator at a proximal end of the
guide wire catheter, a pusher catheter coaxially disposed over the guide wire catheter, a
proximal end of the pusher catheter spaced distally from the dilator to define a stent graft
retention region therebetween, a manifold longitudinally receiving the pusher catheter, a
sheath hub longitudinally receiving the pusher catheter, and a sheath arrangement
longitudinally extending from the sheath hub toward the dilator, the sheath arrangement being
coaxial with and surrounding the guide wire catheter and the pusher catheter, wherein a
manifold port is defined by the manifold and in communication with the pusher lumen, a sheath
hub port is defined by the sheath hub and in communication with an annular space defined
between the sheath arrangement and the pusher catheter. A step includes flushing a first fluid
within the manifold port, the first fluid traversing proximally through the pusher lumen, the
proximal end of the pusher catheter, and into the stent graft retention region, and exiting the
stent graft retention region at a proximal end of the sheath arrangement. A step includes
flushing a second fluid within the sheath hub port, the second fluid comprising a blood soluble
gas, the second fluid traversing proximally in the annular space and into the stent graft
retention region, and exiting the stent graft retention region at the proximal end of the sheath
arrangement. A step includes flushing a third liquid within the sheath hub port, the third liquid
traversing proximally in the annular space and into the stent graft retention region, and exiting
the stent graft retention region at the proximal end of the sheath arrangement. A step includes
flushing a fourth fluid within a distal end opening of the guide wire catheter, the fourth fluid
traversing proximally through a guide wire lumen that extends longitudinally within the guide
wire catheter and exiting out of the proximal end of the guide wire catheter, whereby the
flushing steps contribute to a removal of air present in the stent graft delivery device.

[0009] Also described is another example of a method of reducing air within a stent graft
delivery device. The method includes one or more of the following steps. A step includes
providing a stent graft delivery device comprising a guide wire catheter, a dilator at a proximal
end of the guide wire catheter, a pusher catheter coaxially disposed over the guide wire
catheter, a proximal end opening of the pusher catheter spaced distally from the dilator to
define a stent graft retention region therebetween, a manifold longitudinally receiving the
pusher catheter, a sheath hub longitudinally receiving the pusher catheter, and a sheath
arrangement longitudinally extending from the sheath hub toward the dilator, the sheath
arrangement being coaxial with and surrounding the guide wire catheter and the pusher
catheter, wherein a manifold port is defined by the manifold and in communication with the
manifold passageway and the pusher lumen, a sheath hub port is defined by the sheath hub
and in communication with the hub passageway and an annular space defined between the
sheath arrangement and the pusher catheter. A step includes introducing a first fluid of saline
within the manifold port such that the first fluid of saline traverses the manifold passageway,
proximally through the pusher lumen, through the proximal end opening of the pusher
catheter, and into the stent graft retention region, and exits the stent graft retention region at a
proximal end of the sheath arrangement. A step includes introducing a second fluid of carbon
dioxide within the sheath hub port such that the second fluid of carbon dioxide traverses the
hub passageway and proximally in the annular space, and into the stent graft retention region,
and exits the stent graft retention region at the proximal end of the sheath arrangement. A step
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includes introducing a third fluid of saline within the sheath hub port after the introducing a
second fluid of carbon dioxide step such that the third fluid of saline traverses the hub
passageway, proximally in the annular space, and into the stent graft retention region, and
exits the stent graft retention region at the proximal end of the sheath arrangement. A step
includes introducing a fourth fluid of saline within a distal end opening of the guide wire
catheter such that the fourth fluid of saline traverses proximally through a guide wire lumen
that longitudinally extends within the guide wire catheter and exits out of the proximal end of
the guide wire catheter, whereby less than 0.14 ml of air is present in the stent graft delivery
device.

[0010] Other systems, methods, features and advantages of the invention will be, or will
become, apparent to one with skill in the art upon examination of the following figures and
detailed description. It is intended that all such additional systems, methods, features and
advantages be within the scope of the invention, and be encompassed by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention can be better understood with reference to the following drawings and
description. The components in the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the invention. Moreover, in the figures, like
referenced numerals designate corresponding parts throughout the different views.

FIG. 1 illustrates an example of a stent graft delivery device.
FIG. 2 is a longitudinal cross sectional view of the stent graft delivery device of FIG. 1.

FIG. 2Ais a partial longitudinal cross sectional view of the stent graft delivery device of FIG. 1
and in particular a detail of a part of a distal handle portion.

FIG. 2B is a partial longitudinal cross sectional view of the stent graft delivery device of FIG. 1
and in particular a detail of a part of a nose cone dilator and capsule with a distal retrieval
taper.

FIG. 3 is a longitudinal cross sectional view of the stent graft delivery device of FIG. 1 in a first
partially activated condition.

FIG. 4 in the stent graft delivery device of FIG. 1 in a further partially activated condition.
FIG. 5 is a longitudinal cross sectional view of the stent graft delivery device of FIG. 4.

FIG. 5Ais a partial longitudinal cross sectional view of the stent graft delivery device of FIG. 1,
and in particular a detail of a part of a nose cone dilator and capsule with a distal retrieval taper
in its distal position.

FIG. 6 is a perspective view of part of a handle of the stent graft delivery device of FIG. 1.
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FIG. 7 is a perspective view of the handle in FIG. 6 in an activated condition.

FIG. 8 is a transverse cross sectional view of the pusher catheter portion of the stent graft
delivery device of FIG. 1 along the line 8 - 8'.

FIG. 9 is an exploded view of a manifold of an example of a stent graft delivery device.

FIGS. 10A to 10D illustrate various views of a pusher catheter of an example of a stent graft
delivery device.

FIG. 11 is a cross sectional view of an assembly of a manifold and pusher catheter of an
example stent graft delivery device.

FIG. 12 shows a schematic detailed side view of the stent graft retained on the delivery device.
FIG. 13 shows a method of releasable retention of the indwelling guide wire.

FIGS. 14 and 15 show two embodiments of fenestrations suitable for the stent graft delivery
device.

FIG. 16 shows an alternative embodiment of stent graft on a delivery device.
FIG. 17 is a flow diagram depicting a method of reducing air in a stent graft delivery device.

FIG. 18 is a flow diagram depicting a method of determining an amount of air in a flushed stent
graft delivery device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] Described herein are methods for reducing air within stent graft delivery devices by
flushing various lumens. Accordingly, any potential risk of air emboli related events and
complications that may occur during endovascular procedures is reduced. With the prescribed
methods, substantial amounts of air may be removed from three major air containing regions
of a delivery device: an outer sheath, an inner catheter, and a wire guide catheter. In particular,
the inner catheter (also referred to as the pusher catheter) is disposed within an outer sheath
and coaxially over the wire guide catheter and extends from a manifold. The manifold includes
a fluid port that is used for flushing the lumen of the inner catheter. The outer sheath extends
from a hub that includes another fluid port, while the wire guide catheter includes another fluid
port. The use of a flushing fluid, such as saline, and a high blood soluble gas, such as carbon
dioxide, in the ports has been found beneficial in driving out the majority of the air within the
delivery device.

[0013] In the present application, the term "proximal" when referring to a delivery device or
stent graft refers to a direction that is farthest away from an operator using a delivery device
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and closest to the aorta, while the term "distal" refers to a direction that is generally closest to
the operator using the delivery device. The distal and proximal ends of a delivery device may
also be referred to as an introduction end of the delivery device and an operator end of the
delivery device, respectively. The term "operator end" of the delivery device is that portion of
the device that is intended to remain outside of a patient during a procedure. The term
"introduction end" of the delivery device, which is opposite to the operator end, is that portion
of the device that is intended to be inserted within a patient during a procedure.

[0014] FIGS. 1-2 depict an example of a pre-loaded stent graft delivery device 100. The
delivery device 100 includes a handle and manifold assembly 102 and an introduction portion
104 intended to be deployed into the patient by the known Seldinger method. More specifically,
the introduction section 104 includes an outer sheath 106 extending from a sheath hub 108 to
a top cap assembly 110. A stent graft 131 is retained within the outer sheath 106 in a stent
retention region 107 just distal of the top cap assembly 110.

[0015] The sheath hub 108 is positioned over a pusher catheter 112, which extends from and
is connected into a manifold 114 as discussed in more detail below. The manifold 114 has a
proximal end 114b into which is affixed the pusher catheter 112 and two access ports 116, 120
at its distal end 114a. With additional reference to FIG. 11, the access port 116 is shown having
a hemostatic seal 119 and is for a first access sheath 118, and the access port 120 is shown
having a hemostatic seal 121 is for a second access sheath 122. A handle assembly 130 is
coupled at the distal end 114a of the manifold 114. The handle assembly 130 is shown
including trigger wire release mechanisms and may be separated into two parts as discussed
below.

[0016] The access sheath 118 extends distally to a hemostatic seal 132, and a dilator 134 is
shown extending through the hemostatic seal 132. The dilator 134 may include a dilator
hemostatic seal 136 through which extends an indwelling guide wire 138. The access sheath
122 extends distally to a hemostatic seal 140, and a dilator 142 is shown extending through the
hemostatic seal 142. The dilator 142 may include a dilator hemostatic seal 144 through which
extends an indwelling guide wire 146.

[0017] The handle assembly 130 may include a proximal handle portion 124, which is affixed
to the rear of the manifold 114. The handle assembly 130 also may include a distal handle
portion 129. The distal handle portion 129 may include a proximal axial recess 129a which fits
over a distal extension 124a of the proximal handle portion 124 and a locking screw 125 that
releasably locks the two handle portions together.

[0018] Trigger wire release mechanisms are shown releasably coupled onto the distal handle
portion 129 of the handle assembly 130. With additional reference to FIG. 6, starting from the
distal end of the distal handle portion 129, a trigger wire release 160 is for the release of the
stabilization retention of indwelling guide wires as will be discussed below. A trigger wire
release 162 is for diameter reducing ties as will be discussed below. A trigger wire release 164
is for a retention trigger wire for the exposed stent in a capsule 111 as will be discussed below.
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A trigger wire release mechanism 166 is for trigger wire 141 for distal retention of the distal end
145 of the stent graft 131 as will be discussed below. Trigger wire release mechanism 166 may
also be part of the distal portion of the handle 129 and is thus configured to move together as
a unit. A pin vice 170 is at a distal end of the handle assembly 130 and a guide wire catheter
172 for the delivery device extends through the pin vice 170. The pin vice 170 may be locked
and may be released for selective longitudinal movement of the guide wire catheter 172 with
respect to the distal portion of the handle assembly 130. A distal end of the guide wire catheter
172 terminates in a luer connector 174 to enable flushing liquid and radiopaque medium to be
deployed through the delivery device.

[0019] In FIG. 2, the introduction portion 104 of the stent graft delivery device 100 may include
the top cap assembly 110. The top cap assembly 110 may include a nose cone dilator 110a
alone, or a distally opening capsule 111 at a distal end of the nose cone dilator 110a for the
receipt of an exposed stent 137 of the stent graft 131. The nose cone dilator 110 and the
capsule 111 may be affixed to another to define a top cap assembly. The capsule 111 may
have a slightly in-turned or tapered distal end 117 (see FIGS. 2B and 5A). This has two
purposes, a first is to assist with engagement of the sheath 106 of the delivery device when the
top cap assembly 110 is retracted into the sheath 106, and a second is to prevent complete
withdrawal of a distal retrieval taper device 113 from the capsule 111 as will be discussed
below. The guide wire catheter 172 extends from the handle assembly 130 to the nose cone
dilator 110a. To this end, the guide wire catheter 172 is extended proximally through and
fastened to the nose cone dilator 110a at a proximal end of the guide wire catheter 172 and is
extended distally through the handle assembly 130. The pin vice 170 at the distal end of the
distal handle portion 129 locks movement of the guide wire catheter 172 with respect to the
distal portion of the handle 129 and can be loosened to allow relative motion between these
components as discussed below.

[0020] The stent graft 131, shown in FIG. 2, for instance, includes a tubular body of a
biocompatible graft material such as Dacron, expanded PTFE or Thoralon, a polyurethane
material. The stent graft 131 is supported by self-expanding stents (not shown for clarity). The
proximally extending exposed stent 137 assists with providing infra-renal fixation of the
deployed stent graft. The stent graft 131 may include fenestrations (two fenestrations 147
shown) which are provided to give access to the renal arteries. The stent graft 131 is retained
on the delivery device 100 by proximal retention of the exposed stent 137 into the capsule 111
of the delivery device and distally by the trigger wire retention 141 as will be discussed in detail
below. Diameter reducing ties can be used to hold the stent graft in a diameter reduced
condition during the initial catheterization of a side branch because it may still be necessary to
move the stent graft proximally, distally or rotationally. In the diameter reduced condition,
movement of the stent graft 131 is still possible, whereas when released to full diameter this
may not be possible.

[0021] As can be seen particularly in FIGS. 5 and 5A, the distal retrieval taper device 113 fits
coaxially around the guide wire catheter 172 and may move longitudinally along the guide wire
catheter. A retrieval catheter 127 is mounted coaxially around the guide wire catheter 172 and
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may move longitudinally along the guide wire catheter 172. A proximal end of the retrieval
catheter 127 may be affixed to the distal retrieval taper device 113. FIG. 2A shows detail of the
mounting of the retrieval catheter 127 into the distal handle portion 129. For example, a distal
end of the retrieval catheter 127 may be affixed to the distal handle portion 129 at a transverse
aperture 133 extending into the distal handle portion 129 by a suitable adhesive 135. For this
purpose, apertures 133 are provided into the handle and adhesive is applied through these
apertures.

[0022] Turning back to FIGS. 5 and 5A, the distal retrieval taper device 113 includes an
enlarged shoulder 115 at its proximal end. The shoulder is sized so that it is of greater
diameter than the smallest part of the in-turned distal end 117 of the capsule 111. By this
arrangement, the distal retrieval taper device 113 may move through the capsule 111 but may
not be fully removed from the capsule 111. Movement of the guide wire catheter 172 proximally
with respect to the distal handle portion 129, after release of the pin vice 170, will move the
nose cone dilator 110a and the capsule 111 with respect to the distal retrieval taper device 113
with the effect that the distal retrieval taper device 113 extends distally from the capsule 111 in
its final extended position as shown in FIG. 5A, thereby providing a smooth tapered surface for
retrieval of the nose cone dilator through the stent graft. Locking of the pin vice 170 after the
distal retrieval taper 113 has been moved to the distal end of the capsule 111 ensures that all
of the distal retrieval taper, the capsule, the nose cone dilator and the distal handle portion all
move together.

[0023] By this arrangement, the nose cone dilator 110a may be moved to a distal position with
respect to fenestrations in the stent graft 131 so that the nose cone dilator 110a and the
capsule 111 does not interfere with the deployment of side branch covered or uncovered stent
grafts through such fenestrations nor does any subsequent retraction of the nose cone dilator
110a interfere with the deployed of side branch side branch covered or uncovered stent grafts.
The use of the stabilization retention of the indwelling guide wire is particularly discussed
therein.

[0024] As can be seen particularly in FIG. 8, which is a transverse cross section along the line
8 - 8 in FIG. 1, the pusher catheter 112 is surrounded by the outer sheath 106. The pusher
catheter 112 may have one or more pusher longitudinally extending lumens, although three
are shown. A first lumen is the guide wire lumen 90 and may be offset from the center of the
pusher catheter 112 to allow for two auxiliary lumens 92 and 94. Passing through the guide
wire lumen 90 are the guide wire catheter 172 and the retrieval catheter 127 coaxially around
the guide wire catheter. Also in the guide wire lumen 90 are the trigger wires for the diameter
reducing ties 149, the top capsule 143, the distal retention of the distal end 145 and the
auxiliary guide wire stabilization 151. Passing through the auxiliary lumen 94 are the access
sheath 118, the dilator 134, and the guide wire 138 in a coaxial relationship. Passing through
the auxiliary lumen 92 are the access sheath 122, the dilator 142, and guide wire 146 in a
coaxially relationship. The manifold and the pusher catheter arrangement may accommodate a
single lumen similarly situated as the guide wire lumen 90.
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[0025] In FIGS. 9-11, the manifold 114 and the pusher catheter 111 are shown in more detail.
The manifold 114 has a through bore 200 and angled side ports 202 and 204. As previously
described, the pusher catheter 111 is shown having three lumens, the guide wire lumen 90 off-
set from the center of the pusher catheter to allow for two auxiliary lumens 94 and 92. As can
be seen in FIGS. 10A to 10C, the pusher catheter 112 may include two side apertures 210 and
212, which open from the side of the pusher catheter 112 into the respective lumens 92 and
94. These side apertures are elongate and tapered towards the distal end. When the pusher
catheter 112 is pushed into the through bore 200 of the manifold 114 the side apertures 210,
212 in the pusher catheter are aligned with the respective angled side ports 202, 204, thereby
providing an uninterrupted lumen from the access port 116 for the first access sheath 118 into
the pusher auxiliary lumen 94 along the dotted line 203 and from access port 120 for a second
access sheath 122 into the pusher auxiliary lumen 92 along the dotted line 205.

[0026] Further in FIGS. 10A to 10D, a proximal end of the pusher catheter 112 includes an
attachment boss 220 to provide an exit port for the guide wire lumen 90 and a scalloped end
222 to provide exit ports for the two auxiliary lumens 92, 94. The guide wire lumen 90 opens
out at the proximal end of the attachment boss 220. Each side of the attachment boss 220
includes apertures for trigger wires. Aperture 224 is for trigger wire 226, which is used for the
diameter reducing ties on one side of the stent graft 131. A corresponding aperture 228 and
the other side of the attachment boss 220 are for the trigger wire 230 for the other side of the
stent graft 131. Trigger wire 141 extends out of aperture 232 in the attachment boss 220 and
engages into the stent graft 131 before re-entering the attachment boss at aperture 234 and
exiting the guide wire lumen 90 at the proximal end of the pusher catheter 112. Extending out
of the two auxiliary lumens 92 and 94 are the auxiliary catheters 122 and 118 respectively.
From the proximal ends of the respective auxiliary catheters 118 and 122 extend dilators 134
and 142. Dilator tips 135, 143 are shown at proximal ends of the respective dilators 134, 142.
The auxiliary guide wires 138 and 146 extend through the dilators.

[0027] FIG. 12 shows detail of the stent graft 131 and its retention system in the region 107. In
particular, there is detail shown of the distal attachment, the diameter reducing ties and the
proximal retention. The stent graft 131 is retained within the outer sheath 106 (in dashed lines)
and concentrically around the guide wire catheter 172 and retrieval catheter 127. The
fenestration 147 is shown towards the proximal end 131a of the stent graft 131. In use, the
stent graft 131 is deployed so that the fenestration is substantially aligned with a branch or
renal artery and intended for catheterization through the branch or renal artery for the
deployment of a covered or uncovered side branch stent or stent graft into the branch or renal
artery. In its ready to deploy condition the proximally extending exposed stent 137 is received
into the capsule 111 at the distal end of the nose cone dilator 110a. A distal end 131 b of the
stent graft 131 is retained to the attachment boss 220 at the proximal end of the pusher
catheter 112. Trigger wire 141 engages the distal end 131 b of the stent graft 131. Trigger wire
141 extends out of aperture 232 in the attachment boss 220 and engages into the stent graft
131 before re-entering the attachment boss through aperture 234 into the guide wire lumen 90
and exiting the guide wire lumen 90 at the proximal end of the pusher catheter 112. At its distal
end the trigger wire 141 is attached to the trigger wire release mechanism 166. Trigger wire
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release mechanism 166 is also part of the distal portion of the handle 129.

[0028] The stent graft 131 has diameter reducing tie arrangements to retain it in a partially
diameter reduced condition even after the outer sheath 106 has been retracted during
deployment. The diameter reducing tie arrangement is on each side of the stent graft and
includes the trigger wire 160 stitched or otherwise coupled along the graft material on either
side of the stent graft 131. Loops of filament such as suture thread 227 engaged around the
trigger wire 160 and a portion of the graft material partly around the stent graft and then the
loops are drawn tight.

[0029] FIG. 13 shows detail of the retention system 250 by which the guide wires 138 (for
instance) is stabilized proximally of the fenestration 147 (for instance). The guide wire 138 may
have a protrusion 252, which may be fastened with respect to the guide wire by solder,
crimping, welding or gluing. A suture thread 254 may include one or more loops 254b that are
looped around the guide wire 138 distally of the protrusion 252 and around a release wire 256.
The release wire 256 may be stitched through the material of the stent graft 131 and then the
suture thread 254 may be sewn at the loops 254a into the material of the stent graft 131.
When the release wire 256 is retracted, the loop 254b of the suture thread 254 is released and
the guide wire 138 can be retracted. In the meantime, the retention system stabilizes the guide
wire.

[0030] FIG. 14 shows a cross section of a simple fenestration in cross section with the
stabilized auxiliary guide wire extending through it. In this embodiment, the fenestration 260 is
reinforced with a ring of resilient wire such as nitinol wire. The auxiliary guide wire 138 passes
through the fenestration and is restrained just proximal of the fenestration using a retention
system 250 as shown in FIG. 13.

[0031] FIG. 15 shows a cross section of an alternative fenestration arrangement incorporating
a low profile side arm with the stabilized auxiliary guide wire extending through it. In this
arrangement, the fenestration is in the form of a low profile side arm 264. The low profile side
arm 264 has an inner portion 266, which extends within the tubular body of the stent graft 131,
and an outer portion 268, which extends outside of the tubular body of the stent graft and is
stitched into the periphery of the fenestration. The stitching extends circumferentially and
diagonally from one end of the low profile side arm to the other. The fenestration in the form of
the side arm 264 is shown at the stage of deployment at which the first access sheath 118 has
been advanced over the auxiliary guide wire 138 until it just extends out of the low profile side
arm 264. The auxiliary guide wire 138 passes through the fenestration and is restrained just
proximal of the fenestration using the retention system 250 to stabilize the access sheath 118
while catheterization of a side branch artery is occurring. The dilator has been retracted and
another guide wire 270 has been deployed through the access sheath 118 and this guide wire
be used to catheterize the side branch artery.

[0032] FIG. 16 shows an alternative embodiment of stent graft on a delivery device. Here, the
stent graft 270 includes one or more side arms (shown as two high flexibility side arms 272 and
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274) which are intended for connection to respective renal arteries, a fenestration 276 for the
celiac artery, and a scalloped proximal end 278 for the superior mesenteric artery. The
auxiliary guide wires 138 and 146 extend from the pusher catheter 112 within the stent graft
270 and pass out through the respective two high flexibility side arms 274 and 272 and are
then stitched into the graft material to extend into capsule 111 on the nose cone dilator 110a.
The stitching into the stent graft material proximally of the open ends of the two high flexibility
side arms 272 and 274 assists in stabilization of the side arms during the catheterization of the
renal arteries.

[0033] Returning to FIGS. 1-2, the body 114c¢ of the manifold 114 defines a manifold side port
280 or a first fluid port. A first fluid connector 282 is shown attached within the manifold side
port 280 and extending away from the manifold body 114c. A first fluid passageway 284 is
defined by the first fluid connector 282. The manifold body 114c also defines a manifold
passageway 286 through which the pusher catheter 112 that is coaxially disposed over the
guide wire catheter 172. A hemostatic seal 288 is placed within the manifold passageway 286
sealably contacting between the inner wall 286a of the manifold passageway 286 and the outer
surface of the guide wire catheter 172. The body of the pusher catheter 112 may define
proximal end openings 290, 292, 294 for the 90, 92, 94 lumens, as shown in FIG. 9. In one
example, the proximal end openings 290, 292, 294 may be located at the distal facing surface
295 of the pusher catheter 112.

[0034] The first fluid connector 282 may include a fluid conduit 296 extending from the first
fluid connector 282 to a first luer valve 298. The first luer valve 298 includes a luer fitting end
300 and a valve section 302. The valve section 302 is configured for selective flow (0 to 100%)
to the first fluid connector 282. The valve section 302 is shown have a stopcock configuration,
but may include other configuration such as a gate or other ball valve configurations. The valve
and its position within the valve section 302 may be manually controlled by a rotatable handle
304.

[0035] To enable flushing fluid and radiopaque medium to be deployed through the delivery
device, a first fluid source containing a first flushing fluid may be coupled to the luer fitting end
298 (shown as a female end). With the valve open, the first flushing fluid, represented by
arrows A, may enter within the first luer valve 298, traversing through the fluid conduit 296, the
first fluid passageway 284 of the first fluid connector 282 and into the manifold passageway
286. The proximal end openings 290, 292, 294, the manifold passageway 286 and the first
fluid passageway 284 are all in fluid communication. To this end, the first flushing fluid enters
within the lumens 90, 92, 94 into annular spaces defined by the lumen walls and the outer
surface of the outermost components. With reference to FIG. 8, first and second annular
spaces 306, 308 are defined by the luminal wall of the respective lumens 92, 94 and the outer
surfaces of the access sheaths 118, 122. A third annular space 310 is defined by the luminal
wall of the lumen 90 and the outer surfaces of the retrieval catheter 127 and various trigger
wires. With reference to FIGS. 1, 2, and 10D, the first flushing fluid exits the annular spaces
306, 308, 310 through the respective proximal end openings 290, 292, 294 of the
corresponding lumens 90, 92, 94 and enters into the stent retention region 107 and fills the
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region 107. For certain fluids, after filing the operator will notice leakage of fluid from the
proximal end 106a of the outer sheath 106 along the outer surface of the capsule 111.

[0036] Returning to FIGS. 1-2, the body 108a of the sheath hub 108 defines a hub side port
320, or a second fluid port, having a second fluid connector fitting 322 formed at the port 320,
extending away from the sheath hub body 108a. A second fluid passageway 324 is defined by
the hub side port body 320. The hub body 108a also defines a hub passageway 326 through
which the pusher catheter 112 extends and is coaxially disposed over the guide wire catheter
172. A hemostatic seal 328 is placed within the hub passageway 326 sealably contacting
between the inner wall 326a of the hub passageway 286 and the outer surface of the pusher
catheter 112.

[0037] A fluid conduit 330 extends from the second fluid connector fitting 322 to a second luer
valve 332. The second luer valve 332 includes a luer fitting end 334 and a valve section 336.
The valve section 336 is configured for selective flow (0 to 100%) to the hub side port 320. The
valve section 336 is shown have a stopcock configuration, but may include other configuration
such as a gate or other ball valve configurations. The valve and its position within the valve
section 336 may be manually controlled by a rotatable handle 338. To enable flushing fluid and
radiopaque medium to be deployed through the delivery device, a second fluid source
containing a second flushing fluid may be coupled to the luer fitting end 334 (shown as a
female end). With the valve open, the second flushing fluid, represented by arrows B, may
enter within the second luer valve 332, traversing through the fluid conduit 330, the second
fluid passageway 324 and into the hub passageway 326. The distal end 106b of the outer
sheath 106 is shown coupled around a proximal extension 340 extending proximally from the
sheath hub 108 via a cap 342. This coupling is located proximal to the second fluid
passageway 324. To this end, the second flushing fluid enters within an annular space 344
defined between the lumen walls of the outer sheath 106 and the outer surface of the pusher
catheter 112. With reference to FIGS. 1 and 2, the second flushing fluid exits the annular space
344 at a location coinciding with the proximal end of the pusher catheter 112, enters into the
stent retention region 107 and fills the region 107. For certain fluids, after filling the operator
will notice leakage of fluid from the proximal end 106a of the sheath 106 along the outer
surface of the capsule 111.

[0038] Returning to FIGS. 1-2, the luer connector 174, or a third fluid port, at the distal end of
the guide wire catheter 172 defines a third fluid passageway 350. The luer connector 174
includes a luer fitting end 352. A third fluid source containing a third flushing fluid may be
coupled to the luer fitting end 352 (shown as a female end). The third flushing fluid,
represented by arrows C, may enter within the luer connector 174, traversing through the third
fluid passageway 324 and into the lumen 354 of the guide wire catheter 172. The third flushing
fluid exits the lumen 354 at the proximal end 355 of the guide wire catheter 172. For certain
fluids, the operator will notice leakage of fluid from the proximal end 355.

[0039] The fluids may include a variety of fluids. The fluid may include a liquid flushing solution,
such as saline, isomolar solutions, at least partially degassed solutions such as
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perflurochemicals, or other liquids having high solubility of respiratory gases. Saline may
include 0.9% NaCl, heparinized saline, balanced salt solutions saline, or other flushing
solutions. The source of the fluids may be a syringe, a bag of fluid, a fluid pump with a fluid
line, or the like having a suitable mating connector for the luer fitting ends. The fluid may
include a blood soluble gas, such as carbon dioxide (CO2) or nitrous oxide, which may be
effective for the removal of air from the delivery device. Other gases having suitable blood gas
solubility may be used, such as helium argon or other bio-inert gases. A source of blood
soluble gas is provided in a pressurized canister, which may be located in the room or
remotely. A gas conduit having a mating connector suitable for the luer fitting ends may be
provided. The pressure and flow of the blood soluble gas may be controlled, as is known.

[0040] Methods of reducing air within a stent graft delivery device via flushing the delivery
device will now be described. In a first method, associated with Group A in the Table 1 below,
the following steps are involved. Flushing associated with the manifold and the pusher catheter
lumen is not utilized, and thus the first luer valve 298 is in the closed position. After coupling
the second fluid source containing the second flushing fluid (20 ml of 0.9% saline) to the luer
fitting end 334, the second flushing fluid enters within the second luer valve 332 (in open
position), traversing through the fluid conduit 330, the second fluid passageway 324 and into
the hub passageway 326. The second flushing fluid exits the annular space 344 at a location
coinciding with the proximal end of the pusher catheter 112, enters into the stent retention
region 107 and fills the region 107. The operator should notice leakage of saline from the
proximal end 106a of the sheath 106 along the outer surface of the capsule 111. The second
luer valve 332 may be closed. The third fluid source containing the third flushing fluid (20 ml of
0.9% saline) is coupled to the luer fitting end 352. The third flushing fluid enters within the luer
connector 174, traversing through the third fluid passageway 324 and into the lumen 354 of
the guide wire catheter 172. At least a partial amount of the third flushing fluid exits the lumen
354 at the proximal end 355 of the guide wire catheter 172. The operator should notice
leakage of saline from the proximal end 355. After the two flushing steps, the delivery device is
placed in a resting position for a period of time of 10 minutes. The rest period is to allow the
flushing fluids to settle.

[0041] In a second method, associated with Group B in the Table 1 below, the following steps
are involved; including all of the steps of the first method, except the second flushing fluid
amount is increased to 60 ml of 0.9% saline. After the two flushing steps, the delivery device is
placed in a resting position for a period of time of 10 minutes.

[0042] In a third method, associated with Group C in the Table 1 below, the following steps are
involved, including all of the steps of the first method, except for the following. Prior to flushing
with the second flushing fluid comprised of 20 ml of 0.9% saline, a blood soluble gas is used for
flushing. Here, another fluid source containing another flushing fluid comprising CO2 is coupled
to the luer fitting end 334. The CO2 is provided from a CO2 gas cylinder with a reduction valve
providing a pressure of 1.2 bar. The CO2 enters within the second luer valve 332 (in open
position), traversing through the fluid conduit 330, the second fluid passageway 324 and into
the hub passageway 326. The CO2 exits the annular space 344 at a location coinciding with
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the proximal end of the pusher catheter 112, enters into the stent retention region 107 and fills
the region 107. At least a partial amount of CO2 may exit the proximal end 106a of the sheath
106 along the outer surface of the capsule 111. The CO2 is delivered to the stent delivery
device for a period of time of at least two minutes. In the third method, a period of time of five
minutes was used. Additional time may be added. Here, the sheath is flushed initially with a
blood soluble gas and then with a saline solution. The guide wire catheter 172 is flushed with a
saline solution. After the three flushing steps, the delivery device is placed in a resting position
for a period of time of 10 minutes. The rest period is to allow the flushing fluids to settle and
permit enough time for the flushing fluid to dissolve any remaining CO2.

[0043] In a fourth method, associated with Group D in the Table 1 below, the following steps
are involved. The first fluid source containing the first flushing fluid (20 ml of 0.9% saline) may
be coupled to the luer fitting end 298. With the second luer valve 332 in the closed position, the
first flushing fluid enters within the first luer valve 298 (in the open position), traversing through
the fluid conduit 296, the first fluid passageway 284 of the first fluid connector 282 and into the
manifold passageway 286. The first flushing fluid enters within the lumens 90, 92, 94 into the
annular spaces 306, 308, 310 and exits the annular spaces 306, 308, 310 through the
respective proximal end openings 290, 292, 294, where it enters into the stent retention region
107 and fills the region 107. The operator should notice leakage of saline fluid from the
proximal end 106a of the outer sheath 106. Following this step, the steps of the second
method step with the second flushing fluid amount of 60 ml of 0.9% saline is used to flush the
sheath. Here, the pusher catheter is flushed with a saline solution, initially, and then the sheath
is flushed with a saline solution is greater quantities than the pusher catheter. The guide wire
catheter 172 is flushed with a saline solution. After the three flushing steps, the delivery device
is placed in a resting position for a period of time of 10 minutes.

[0044] In a fifth method, associated with Group E in the Table 1 below, the following steps are
involved, including all of the steps of the fourth method, except the following. Prior to flushing
with the second flushing fluid comprised of 60 ml of 0.9% saline, a blood soluble gas is used for
flushing. Here, another fluid source containing another flushing fluid comprising CO2 is coupled
to the luer fitting end 334. The CO2 enters within the second luer valve 332 (in open position),
traversing through the fluid conduit 330, the second fluid passageway 324 and into the hub
passageway 326. The CO2 exits the annular space 344 at a location coinciding with the
proximal end of the pusher catheter 112, enters into the stent retention region 107 and fills the
region 107, exiting the proximal end 106a of the sheath 106 along the outer surface of the
capsule 111. The CO2 is delivered to the stent delivery device for a period of time of at least
two minutes, and preferably, five minutes. Here, the pusher catheter is flushed with a saline
solution, initially. Then, the sheath is flushed initially with a blood soluble gas and then with a
saline solution, in greater quantities than the pusher catheter. The guide wire catheter 172 is
flushed with a saline solution. After the four flushing steps, the delivery device is placed in a
resting position for a period of time of 10 minutes. The rest period is to allow the flushing fluids
to settle and permit enough time for the flushing fluid to dissolve any remaining CO2.

[0045] Other methods are contemplated. For example, another fluid source comprising a



DK/EP 3554429 T3

blood soluble gas may be flushed within the first luer valve 298 (in the open position),
traversing through the fluid conduit 296, the first fluid passageway 284 of the first fluid
connector 282 and into the manifold passageway 286. The first flushing fluid enters within the
lumens 90, 92, 94 into the annular spaces 306, 308, 310 and exits the annular spaces 306,
308, 310 through the respective proximal end openings 290, 292, 294, where it enters into the
stent retention region 107 and fills the region 107. A gas flushing may also occur within the
guide wire lumen. Each of these gas flushings may occur prior to the saline flushing steps.

[0046] In an example, a method of reducing air within a stent graft delivery device, referenced
as 400, is shown in FIG. 17. In step 402, a first fluid is flushed within the first fluid port of the
stent graft delivery device. In step 404, a gas is flushed within the second fluid port of the stent
graft delivery device, and subsequently, as a second fluid is flushed within the second fluid
port. In step 406, a third fluid is flushed within a third port of the stent graft delivery device. In
optional step 408, a gas may be flushed within the first and/or the third fluid port prior to the
flushing a first or third fluid steps.

[0047] The test results were obtained by the following test protocol. The testing system
includes a container of water or liquid and an L-shaped conduit. One end of the conduit is
placed along the container bottom and the elevated end extends in an upright position from the
container outside the water. The elevated end may be comprised of a tapered portion
funneling inward. An additional inward funnel may be coupled between the elevated end and a
fluid measurement device, such as, for example, a syringe. A stopcock valve may be disposed
between the elevated end and the fluid measurement device for selective communication
between the components. In one example, the additional inward funnel may include threaded
ends for attachment to the fluid measurement device and to the elevated end. Air is initially
removed from the testing system or a reference point of air is created via a vacuum device,
such as a syringe or pump, prior to introducing the stent graft delivery device. For example, a
10 ml syringe may be coupled to the elevated end via the stopcock valve and the plunger of
the piston may be pulled to move water within the conduit toward the elevated end. In one
aspect, the water level within the conduit may be set at the end of the syringe. In another
aspect, the water level within the conduit may be set at other locations such as the entry of the
valve. With the valve closed, the 10 ml syringe may be removed from the elevated end and
replaced with a 2 ml syringe or other device for finer measurement capability.

[0048] After each of the methods described herein were performed, including resting for a
period of time of 10 minutes, the stent graft delivery device is inserted into the conduit end
submerged in water and placed upright within the conduit. Water may enter the stent graft
delivery device in a manner to start from the distal end and fill the device from the distal end to
the proximal end, thereby pushing air out of the proximal end into the conduit into the funneled
portions. As a result of the device air being introduced to the testing system, air will rise to the
top and cause the water level to drop below the reference point. With the fluid measurement
device such as a syringe attached, the plunger of the syringe, starting at the bottom, is pulled
in order to remove device air from the conduit until water reaches the reference point. The
location of the piston relative to the barrel of the syringe is noted as an indication of the
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measured amount of remaining air within the stent graft delivery device after utilizing the
flushing techniques.

[0049] In another testing system example, after each of the methods described herein were
performed, including resting for a period of time of 10 minutes, a distal end of a conduit, such
as a flexible membrane or rigid tube, is sealably coupled along the outer sheath distal to the
proximal end of the outer sheath. The conduit may be made of a transparent material to allow
visible indication within the conduit. A fluid port is provided with the conduit, which is configured
for sealably coupling with a fluid measurement device. For example, the fluid port includes a
female luer fitting configuration for coupling to a fluid measurement device that is a syringe. As
much air as possible is removed out of the conduit before attachment. After attachment and
with the piston of the syringe at its bottom end, the plunger of the syringe is pulled in order to
remove any remaining air from the conduit. Air may be removed by another type of vacuum
device fluidly coupled to the conduit. This first location of the piston relative to the barrel of the
syringe is noted and marked.

[0050] In an example, another syringe may be coupled to the fluid port of the conduit and used
to evacuate air remaining in the conduit. The fluid port of the conduit may include a valve
section to allow for the closure of the fluid port for exchanging the syringes. For the final
measurement, a syringe, for example, a 2 ml syringe, is coupled to the fluid port.

[0051] With the stent graft delivery device in an upright position with the nose cone dilator in
the top position, the distal end of the stent graft delivery device is introduced to a water bath.
The stent graft delivery device in its upright position is slowly lowered into the water bath
allowing the water to enter into the device and push air upwards toward the conduit and filling
the conduit with the remaining air from the device. An indication of complete air removal from
the stent graft delivery device is when water begins to be introduced into the conduit. At such
indication, the stent graft delivery device is maintained at its upright position and no longer
lowered. The plunger of the syringe is pulled in order to remove any remaining air from the
conduit until water contacts the tip of the syringe. This second location of the piston relative to
the barrel of the syringe is noted and marked. The difference between the first location marked
and the second location marked provides an indication of the amount of remaining air within
the stent graft delivery device after utilizing the flushing techniques.

[0052] In an example, a method of determining an amount of air within a flushed stent graft
delivery device is provided, referenced as 500, as shown in FIG. 18. In step 502, a stent graft
delivery device is inserted into a conduit after being initially flushed utilizing a flushing
technique. In step 504, air is removed from the container using a vacuum device, such as, for
example, a syringe or vacuum pump, to define a reference point. In step 506, the stent graft
delivery device is submerged into a fluid bath, such as water, such that device air is forced out
of the device into the conduit. In step 508, an amount of air remaining in the flushed stent graft
delivery device is determined or measured, as described above.

[0053] The test protocol is performed multiple times for each of the methods and data
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obtained to develop statistical significance. Table 1 shows improvement from the first method
associated with group A to the fifth method associated with group E. A vast improvement of air
reduction is achieved as a result of the fifth method associated with group E, with less than 0.2
ml, and in an example less than 0.14 ml (0.07 £ 0.07 ml), of air present after the flushing
technique. By comparison with group D, over eighty percent of more air was removed with the
additional step of gas flushing through the sheath fluid port. By comparison with group C, over
eighty percent of more air was removed with the additional step of saline flushing through the
manifold fluid port and the increased saline flushing through the sheath fluid port after the gas
flushing. By comparison with group B, over ninety percent of more air was removed with the
additional step of saline flushing through the manifold fluid port and the increased saline
flushing through the sheath fluid port. By comparison with group A, over ninety-four percent of
more air was removed with the additional step of saline flushing through the manifold fluid port,
the increased saline flushing through the sheath fluid port, and the gas flushing through the
sheath fluid port prior the saline flushing.

Table 1. Delivery Device Flushing Methods and Results

Group Flushing Protocol Remaining Air in System
(ml)
A 1. Flush sheath with 20 ml saline 1232074
2. Flush guide wire catheter with
saline
3. Rest for ten minutes
B 1. Flush sheath with 60 ml saline 0.79+0.20
2. Flush guide wire catheter with
saline
3. Rest for ten minutes
C 1. Flush sheath with CQO2 for five 0.51+£0.19
mins.
2. Flush sheath with 20 ml saline
3. Flush guide wire catheter with
saline
4. Rest for ten minutes
D 1. Flush pusher catheter with 20 ml {0.51 £ 0.10
saline
2. Flush sheath with 60 ml saline
3. Flush guide wire catheter with
saline
4. Rest for ten minutes
E 1. Flush pusher catheter with 20 ml  {0.07 + 0.07
saline
2. Flush sheath with CQO2 for five
mins.
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Group Flushing Protocol Remaining Air in System
(ml)
3. Flush sheath with 60 ml saline
4. Flush guide wire catheter with
saline
. Rest for ten minutes

[0054] After the flushing steps, the introduction steps may occur. The introduction part 104 of
the delivery device 100 may be introduced into the aorta correctly taking into account N - S
position as well as rotational position with respect to target vessels and fenestrations on the
stent graft 131 using markers on stent graft body. At this stage, the delivery device is as shown
in FIGS. 1-2. Withdraw the outer sheath 106 of the delivery device while continuing to check
position until the distal end 145 of the stent graft 131 opens. At this stage the distal end 145 of
the stent graft 131 is still retained by distal fixation, for example as shown in FIG. 3, the
proximal end of the stent graft is retained by the exposed stent 137 being retained in the
capsule 111 of the delivery device and the expansion of the stent graft is restricted by the
diameter reducing ties. This stage is shown in partin FIG. 12.

[0055] The access sheaths 118, 122 (left and right) are advanced on their respective
indwelling guide wires 138 146 through the lumen of stent graft 131 to or through the
fenestration 147 (at this stage the capsule retains the exposed stent and the indwelling guide
wires). The first access sheath is positioned at the opening of the fenestration. The dilator 134
of the first access sheath is removed.

[0056] An additional catheter and additional guide wire (4 - 5 Fr) is advanced through the first
access sheath and into the target vessel (e.g. renal artery). The additional catheter may have
a crooked or hockey stick tip to facilitate access. The guide wire is removed from the additional
catheter and a stiffer wire is re-inserted into the target vessel.

[0057] The stabilization retention system 250 of indwelling guide wires 138 is released via the
trigger wire release 160. The indwelling wire guide is retrieved from the top capsule 111 and
pulled out completely. The additional catheter is removed and the access sheath dilator and
dilator catheter is re-placed over the stiffer wire into the target vessel and the access sheath is
advanced over the stiffer wire into the target vessel. The access sheath dilator is then
withdrawn. These steps may be repeated for the other of the target vessels.

[0058] Covered stents are advanced through each of the access sheaths into the target
vessels but are not released. The diameter reducing ties are released by releasing and
withdrawing the trigger wire release 162. The capsule 111 is released by removing the locking
trigger wire 143 via trigger wire release 164, releasing the pin vice 170, and advancing the
capsule on the guide wire catheter to release the top exposed stent. At the same time, the
distally facing capsule moves proximally over the distal retrieval taper device to allow the distal
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retrieval taper device to extend from the distal end of the capsule. This stage is shown in FIG.
3.

[0059] The pin vice 170 is tightened or locked. The nose cone dilator, top cap and distal
retrieval taper may be distally retracted past the fenestration by removing the locking screw
125 of the distal handle portion and retracting distal portion of handle. This also releases the
distal attachment via trigger wire 141 connected to trigger wire release 166. This stage is
shown in FIGS. 4, 5and 7.

[0060] One at a time, the access sheaths are withdrawn from the target vessels and covered
stents are deployed between the fenestrations and target vessels. A balloon expanded device
may be used to balloon expand if necessary for flaring portion of the covered stent within the
fenestration of the main stent graft.

[0061] Access sheaths are then removed and the guide wires are also removed from the
target vessels and withdrawn from the system. The nose cone dilator, top cap and distal
retrieval taper to the sheath 106 are then retracted. The entire assembly may then be
withdrawn or the outer sheath may be left in place for further deployments. Further deployment
may include a bifurcated distal component.

[0062] It is seen that by this invention an arrangement is provided that by which access
sheaths may extend through the introduction device and are able to be separately manipulated
to enable access to renal or other arteries within the vasculature of a patient.

[0063] While various embodiments of the invention have been described, the invention is not
to be restricted except in light of the attached claims. Moreover, the advantages described
herein are not necessarily the only advantages of the invention and it is not necessarily
expected that every embodiment of the invention will achieve all of the advantages described.
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Patentkrav

1. Fremgangsmade til reducering af luft i en anordning til

stenttransplantatindfering, som omfatter:

tilvejebringelse af en anordning til
stenttransplantatindfering (100), der omfatter et
guidewirekateter (172), et udstederkateter (112), der er
coaksialt disponeret over guidewirekateteret, hvilket

udstederkateter er anbragt 1 forhold til guidewirekateteret,
sd det definerer et stenttransplantat-fastholdelsesomrade
derimellemnm, en manifold (114), der indbefatter en
manifoldpassage (286) i lengderetningen, der modtager
udstederkateteret (112), en kappemuffe (108), der indbefatter
en muffepassage i lengderetningen, der modtager
udstegderkateteret, og en kappeindretning, der i
lengderetningen strakker sig fra kappemuffen (108) mod en
proksimal ende af guidewirekateteret (172), hvilken
kappeindretning er coaksial med og omgiver guidewirekateteret
(172) og udstgderkateteret (112), hvor en forste fluidport er
defineret af manifolden og i forbindelse med manifoldpassagen
og udstederlumenet, en anden fluidport er defineret af
kappemuffen (108) og 1 forbindelse med muffepassagen og et
ringformet rum, der er defineret mellem kappeindretningen og
udstederkateteret, og en tredje fluidport er i en distal ende
aft guidewirekateteret (172) og i forbindelse med et
guidewirelumen (90), der strakker sig 1 l&ngderetningen i
guidewirekateteret;

skylning af en forste vaske (402) 1 den fegrste fluidport,
hvorved den forste vaske gennemstregmmer manifoldpassagen,
strommer proksimalt gennem udstgderlumenet, gennem en
proksimal endeabning af udstgderkateteret og ind i
stenttransplantat-fastholdelsesomradet, og mindst en delmangde
af den forste fluid passerer ud af stenttransplantat-
fastholdelsesomradet i en proksimal ende af kappeindretningen;

skylning af en gas (404) i den anden fluidport og efter et
tidsrum efterfwlgende skylning af en anden vaske 1 den anden
fluidport, hvorved hver af gassen og den anden vaske

gennemstrgmmer mnuffepassagen, streommer proksimalt gennem det
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ringformede rum og ind i stenttransplantat-
fastholdelsesomradet, og mindst en delmengde af gassen og
mindst en delmxngde af den anden fluid passerer ud af
stenttransplantat-fastholdelsesomradet 1 den proksimale ende
af kappeindretningen; og

skylning af en tredje vaske (406) 1 den tredje fluidport,
hvorved den tredje vaske strommer proksimalt gennem
guidewirelumenet og mindst en delmzngde af den tredje fluid
passerer ud af den proksimale ende af guidewirekateteret,
hvorved mindre end 0,2 ml luft er til stede i anordningen til

stenttransplantatindforing.

2. Fremgangsmade 1ifelge krav 1, hvor den forste vaske, den

anden vaske og den tredje vaske omfatter saltvand.

3. Fremgangsmade ifglge krav 1, hvor mengden af den anden

vaske er steorre end mzngden af den forste vaske.

4, Fremgangsmade ifglge krav 1, hvor gassen omfatter en
blodopleselig gas, eventuelt hvor den blodopleselige gas

omfatter carbondioxid.

5. Fremgangsmade ifglge krav 4, hvor den anden vaske

omfatter saltvand.

6. Fremgangsmade ifeglge krav 1, som vyderligere omfatter
skylning af en anden gas 1 den fegrste fluidport for trinet med
skylning at en forste vaeske, hvorved den anden gas
gennemstregmmer manifoldpassagen, stregmmer proksimalt gennem
udstegderlumenet, gennem den proksimale endeabning at
udstederkateteret og ind i stenttransplantat-
fastholdelsesomradet, og mindst en delmzngde af den anden gas
passerer ud af stenttransplantat-fastholdelsesomradet 1 den

proksimale ende af kappeindretningen.

7. Fremgangsmade til reducering af luft i1 en anordning til
stenttransplantatindfering, som omfatter:

tilvejebringelse af en anordning til
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stenttransplantatindfering (100), der omfatter et
guidewirekateter (172), en dilatator (134) i en proksimal ende
af guidewirekateteret, et udstoderkateter (112), der er
coaksialt disponeret over guidewirekateteret, idet en
proksimal ende af udstederkateteret er adskilt distalt fra
dilatatoren (134) til definering af et stenttransplantat-
fastholdelsesomrade derimellem, en manifold (114), der i
lengderetningen modtager udstederkateteret, en kappemuffe
(108), der i lengderetningen modtager udstederkateteret, og en
kappeindretning, der 1 lengderetningen strakker sig fra
kappemuffen mod dilatatoren (134), hvilken kappeindretning er
coaksial med og omgiver guidewirekateteret og
udstegderkateteret, hvor en manifoldport er defineret af
manifolden og i forbindelse med udstederlumenet, en
kappemuffeport er defineret af kappemuffen og 1 forbindelse
med et ringformet rum, der er defineret mellem
kappeindretningen og udstederkateteret;

skylning af en fgrste fluid (402) i manifoldporten, hvor den
forste fluid strommer proksimalt gennem udstederlumenet, den
proksimale ende af udstgderkateteret og ind i
stenttransplantat-fastholdelsesomradet og passerer ud af
stenttransplantat-fastholdelsesomradet i en proksimal ende af
kappeindretningen;

skylning af en anden fluid (404) 1 kappenuffeporten, hvilken
anden fluid omfatter en blodopleoselig gas, hvor den anden
fluid gennemstremmer proksimalt i det ringformede rum og ind 1
stenttransplantat-fastholdelsesomradet og passerer ud af
stenttransplantat-fastholdelsesomradet i den proksimale ende
af kappeindretningen;

skylning af en tredje fluid, der er en vaske (406), 1
kappemuffeporten, hvor vasken gennemstrgmmer proksimalt i det
ringformede rum og ind i stenttransplantat-
fastholdelsesomradet og passerer ud af stenttransplantat-
fastholdelsesomradet i den proksimale ende aft
kappeindretningen; og

skylning af en fjerde fluid (408) i en distal endeadbning af
guidewirekateteret, hvor den fjerde fluid stremmer proksimalt

gennem et guidewirelumen, der strakker sig i l®ngderetningen i
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guidewirekateteret, og passerer ud af den proksimale ende af
guidewirekateteret, hvorved skylningstrinene bidrager til
fijernelse af 1luft, der er til stede 1 anordningen til

stenttransplantatindforing.

8. Fremgangsmade ifelge krav 7, som vyderligere omfatter
lukning af adgang til kappemuffeporten for trinet med skylning
af en feorste fluid og eventuelt vyderligere omfatter abning af
adgang til kappemuffeporten og lukning af adgang til
manifoldporten efter trinet med skylning af en forste fluid og

for trinet med skylning af en anden fluid.

9. Fremgangsmade 1ifelge krav 8, hvor den forste fluid, den

anden fluid og den fjerde fluid omfatter vaske.

10. Fremgangsmade 1ifeglge krav 8, hvor mengden af den anden

fluid er sterre end mengden af den feorste fluid.

11. Fremgangsmade ifglge krav 8, hvor den blodoplgselige gas

omfatter carbondioxid.

12. Fremgangsmade til reducering af luft i en anordning til
stenttransplantatindfering, som omfatter:

tilvejebringelse af en anordning til
stenttransplantatindfering (100), der omfatter et
guidewirekateter (172), en dilatator (134) i en proksimal ende
af guidewirekateteret, et udstoderkateter (112), der er
coaksialt disponeret over guidewirekateteret (172), idet en
proksimal endeadbning af udstederkateteret er adskilt distalt
fra dilatatoren (134) til definering af et stenttransplantat-
fastholdelsesomrade derimellem, en manifold (114), der i
lengderetningen modtager udstederkateteret, en kappemuffe
(108), der i lengderetningen modtager udstederkateteret, og en
kappeindretning, der 1 lengderetningen strakker sig fra
kappemuffen mod dilatatoren (134), hvilken kappeindretning er
coaksial med og omgiver guidewirekateteret (172) og
udstederkateteret (112), hvor en manifoldport er defineret af

manifolden (114) og 1 forbindelse med manifoldpassagen og
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udstederlumenet, en kappemuffeport er defineret af kappemuffen
og 1 forbindelse med muffepassagen, og et ringformet rum er
defineret mellem kappeindretningen og udstederkateteret;
indfering af en forste fluid af saltvand i manifoldporten,
saledes at den ferste fluid af saltvand strgmmer gennem
manifoldpassagen, proksimalt gennem udstgderlumenet, gennem
den proksimale endedbning af udstederkateteret og ind i
stenttransplantat-fastholdelsesomradet og passerer ud af
stenttransplantat-fastholdelsesomradet i en proksimal ende af
kappeindretningen;

indfering aft en anden fluid aft carbondioxid i
kappemuffeporten, saledes at den anden fluid of carbondioxid
strommer gennem muffepassagen og proksimalt 1 det ringformede
rum og ind i stenttransplantat-fastholdelsesomradet og
passerer ud af stenttransplantat-fastholdelsesomradet 1 den
proksimale ende af kappeindretningen;

indfegring af en tredje fluid af saltvand 1 kappemuffeporten
efter trinet med indfering af en anden fluid af carbondioxid,
saledes at den tredje fluid af saltvand strgmmer gennem
muffepassagen, proksimalt 1 det ringformede rum og ind i
stenttransplantat-fastholdelsesomradet og passerer ud af
stenttransplantat-fastholdelsesomradet i den proksimale ende
af kappeindretningen; og

indfering af en fjerde fluid af saltvand 1 en distal
endedbning af guidewirekateteret, sdledes at den fjerde fluid
af saltvand stremmer proksimalt gennem et guidewirelumen, der
strakker sig 1 l&ngderetningen 1 guidewirekateteret, og
passerer ud af den proksimale ende af guidewirekateteret,
hvorved mindre end 0,14 ml 1luft er til stede i1 anordningen til

stenttransplantatindforing.

13. Fremgangsmade ifwglge krav 12, hvor trinet med indfering
af en forste fluid af saltvand finder sted fgor indferingen af
en anden fluid af carbondioxid, som eventuelt vyderligere
omfatter lukning af adgang til kappemuffeporten for trinet med
indfering af en feorste fluid af saltvand og eventuelt
yderligere omfatter &abning af adgang til kappemuffeporten og

lukning af adgang til manifoldporten efter trinet med
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indfegring af en feorste fluid af saltvand og fegr trinet med

indfering af en anden fluid af carbondioxid.

14. Fremgangsmade ifglge krav 12, hvor mangden af den fgrste
fluid af saltvand er mindre end mengden af den tredje fluid af

saltvand.

15. Fremgangsmade ifglge krav 12, hvor indfgringen af en
anden fluid af carbondioxid har en wvarighed pa 5 minutter,
hvilken fremgangsmade eventuelt yderligere omfatter
opretholdelse af en hvileposition for indfgringsanordningen i
et tidsrum pa 10 minutter efter trinet med indfering af en
forste fluid af saltvand, trinet med indfeoring af en anden
fluid af carbondioxid, trinet med indforing af en tredje fluid
af saltvand og trinet med indfering af en fjerde fluid af

saltvand.
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Figure 16




400

402 -

Ftushing a first Huid within g first fluid port of a stent
graft delivery device

Flushing & gas within a second fluid port of the stent
graft delivery device, and subsequently flushing a
second fluid within the second fuid port

Flushing a third fluid within a third Buid port of the
stent graft delivery devics

408 -

Cptionally flushing 2 gas within the first and/or third
fiuid port of the stent graft delivery device prior to the
flushing a first or third fluid steps

FIG. 17
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inseriing a stent graft delivery device into a container
after flushing

504

Removing air from conduit using a vacuum device {0
define a reference point

506— -

Submerging the stent graft delivery device into a
water bath

| Determining the amount of air remaining in the stent

graft delivery device

FIG. 18
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