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(54) Title: INTRODUCER SHEATH WITH EXPANDABLE INTRODUCER

FIG. 1

(57) Abstract: A system for introducing a delivery apparatus into a patient's vasculature. Tire system, may include a sheath having
a lumen and configured to he inserted into the patient's vasculature. An introducer has a channel for receiving a guide wire and is
configured to be positioned within the lumen of the sheath. A plug is coupled to the introducer and is configured to move from, a first
position in which the plug has a first diameter to a second position in which the plug has a second diameter that is greater than the first
diameter and greater than the interior diameter of the sheath, the plug being configured to slide within the lumen in a direction from the
distal end of the sheath towards the proximal end of the sheath to expand the sheath in the direction radially outward from the lumen.
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INTRODUCER SHEATH WITH EXPANDABLE INTRODUCER

FIELD:

{6601} The present application concems embodiments of a system for introducing a delivery
apparatus wnto a patient’s vasculature. The delivery apparatus may comprise a catheter-based
technology for repairing and/or replacing heart valves, as well as for debivening an implant,

such as a prosthetic heart valve to a heart via the patient’s vasculature.

BACKGROUND:

10602} Delivery apparatuses are used to mmplant prosthetic devices, such as a prosthetic heart
valve, at locations inside the body that are not readily accessible by surgery or where access
without invasive surgery is desirable. For example, aortic, mitral, tricuspid, and/or pulmonary
prosthetic heart valves can be delivered to a treatment site using nunimally mvasive surgical

technigques. The delivery apparatuses may comprise endovascular catheter assemblies.

[6603] An introducer sheath may be used 1o mtroduce a delivery apparatus into a patient’s
vasculature (e.g., the fomoral arteryv}. An mtroducer sheath generally has an clongated slecve
that is mserted nto the vasculature and 3 housing that contains one or more sealing valves that
allow a delivery apparatus to be placed in fluid communication with the vasculature with

minimal blood loss.

[0604] Conventional methods of accessing a vessel, such as a femoral artery, prior to
mtroducing the delivery apparatus mclude dilating the vessel using multiple dilators or sheaths
that progressively increasce in diameter. This repeated msertion and vessel dilation can increase

the time the procedure takes, as well as the risk of damage to the vessel.

[B805] Accordingly, improvements in systems, apparatuses, and methods of mitroducing a

delivery apparatus imnto a patient’s vasculature are desired.

SUMMARY
[3806] The present disclosure 15 divected to systems, apparatuses, and methods of introducing
a delivery apparatus into a patient’s vasculaturg. The system may include a sheath and an

introducer positioned therein for introduction to the patient’s vasculature. The introducer may
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mechude a plug, or an expandable portion of the introducer, for expansion at a position distal of
the distal end of the sheath. Upon expansion, the plug, or expandable portion of the mtroducer,
may be withdrawn in a proximal direction through the sheath to cxpand the sheath prior to
wnsertion of the dehivery apparatus. The sheath accordingly may be expanded without requiring

insertion of multiple dilators or sheaths that progressively increase in diameter,

16007} The plug, or expandable portion of the introducer, may be integrated into the introducer
such that the introducer operates as a standard introducer tor the sheath to gain access to the

vasculature.

3008} The plug, or expandable portion of the mitroducer, may be sized such that a transient
expansion of the sheath oceurs upon the plug bemg withdrawn through the sheath. The
transient expansion may expand a portion of the sheath at a time, to reduce the pulling force
required by the plug and to reduce the possibility of the plug being stuck within the sheath.
The expansion of the sheath may comprise a preconditioning of the sheath prior to introduction
of the delivery apparatus. The preconditioning of the sheath may allow for a lower push force

for the delivery apparatus as it is passed through the sheath and into the patient’s vasculature.

[380%] Embodiments of the present disclosure include a svstem for introducing a delivery
apparatus into g patient’s vasculatare. The system may nclude a sheath having a distal end, a
proximal end, an interior diameter, a lumen, and a length extending from the distal end to the
proximal end. The sheath may be configured to be inserted 1unto the patient’s vasculature and
to expand i a dirgction radially outward from the lumen. An introducer may have a channel
for receiving a guide wire and may be configured to be positioned within the lumen of the
sheath. A plug may be coupled to the introducer and configured to move from a first position
in which the plug has a first diameter to a second position 1n which the phug has a second
diameter that is greater then the first diameter and greater than the interior diameter of the
sheath, the plug in the first position being configured to fit within the lumen, and the plug in
the second position having a length that 1s less than the length of the sheath and being
configured to shide within the humen 1n a direction from the distal end of the sheath towards the
proximal end of the sheath to expand the sheath in the direction radially outward from the
tumen.

{3610} Embodiments of the present disclosure include a svstem for introducing a delivery
apparatus into g patient’s vasculatare. The systerm may include a sheath baving a distal end, a

proximal end, an interior diameter, a lumen, and a length extending from the distal end to the
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proximal end. The sheath may be configured {o be inserted into the patient’s vasculature and
to expand i a direction radially outward from the lumen. An introducer may have a channel
for receiving a guide wire and mav be configured to be positioned within the luwmen of the
sheath., The mtroducer may have an expandable portion including a plurality of supporis, the
expandable portion configured to move from a first position in which the phurality of supports
are flattencd and have a first diameter to a second position in which the plurality of supports
extend radially outward from the introducer and bave a second diameter that is larger than the
first diameter and the interior diameter of the sheath, the expandable portion being configured
to slide within the lumen in the second position to expand the sheath in the direction radially

outward from the lumen.

{3611} Embodiments of the present disclosure include a method that may nclude nserting a
guide wire into a patient’s vasculature. The method may include mserting a guide wire intc a
patient’s vasculature. The method may include mserting an introducer and a sheath into the
patient’s vasculature over the guide wire, the sheath extending around the introducer and
having a distal end and a proxamal end and having a humen, and being configured to expand in
a direction radially cutward from the lumen. The method may mnclode activating a plug
posttioned m the patient’s vasculature to move from a first position in which the plug has a first
diameter to a second position in which the plug has a second diameter that 1s greater than an
interior diameter of the sheath. The method may include shiding the plug in the second position
through the lumen of the sheath i a direction from the distal cnd of the sheath towards the
proximal end of the sheath to expand the sheath in the direction radially outward from the

lumen.

BRIEK DESCRIPTION OF THE DRAWINGS

[661 2] Features and advantages of the svsiems, apparatuses, and methods as disclosed herein
will become appreciated as the same become bettor understood with reference fo the
specification, claims, and appended drawings wherein:

[B813] FIG. 1 dlustrates a side view of a system according to an embodiment of the present
disclosure.

{06614} FIG. 2 illustrates a side view of the sheath shown i FIG. 1.

[6815] FIG. 3 dlustrates a cross sectional view of the sheath shown in FIG. 2 along ling A-A

in FiG. 2.

3



WO 2020/092253 PCT/US2019/058371

[6616] FIG. 4 lustrates a side view of the introducer shown in FIG. 1.

{6617} FIG. S illustrates a close~up side view of the distal end of the introducer shown in FIG.
4,

13618} FIG. 6 illustrates a close-up perspective side view of the introducer housing shown in
FIG. 4 disassembled, with an inner shaft and an outer shaft shown in cross-section.

{0819} FIG. 7 llustrates a cross sectional view of the system shown in FIG. 1 along a midline
of the systom.

3620} FIG. 8A llustrates a close-up side view of the distal end of the sheath and the mtroducer
shown in FIG. 1.

[6621] FIG. 8B illustrates a close-up side view of the control housing shown in FIG. 1.

(6822 FIG. 9 illustrates a close-up side view of the distal end of the sheath and the mtroducer

shown in FIG. 1.

10623] FIG. 10A illustrates a close-up side view of the distal end of the sheath and the

introducer shown in FIG. 1.
[0624] FIG. 10B illustrates a close-up side view of the control housing shown in FIG. 1.

[6025] FIG. 11A dlustrates a close~up side view of the distal cnd of the sheath and the

wntroducer shown in FIG. 1.

[6626] FIG. 11B illustrates a close-up side view of the control housing shown in FIG. 1.
{0627} FIG. 12A iHustrates a side view of the system shown n FIG. 1

[6628] FIG. 128 illustrates a schomatic view of a portion of a sheath shown in FIG. 1.

[36298] FIG. 13A illustrates a cross sectional view of introducer shown n FIG. 8A along hine
B-Bin FIG. %A,

[0638] FIG. 13B illustrates a cross sectional view of introducer shown in FIG. 10A along line
C-C in FIG. 10A.

[B831] FIG. 14A illustrates a side view of a system according to an embodiment of the present

disclosure, with a portion cut away.
{6632} FIG. 148 llustrates a side view of the system shown in FIG. 14A.

(6833} FIG. 14C llustrates a side view of the system shown in FIG. 14A.
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[6634] FIG. 15A iHustrates a side view of a portion of a system according to an embodiment

of the present disclosure, with a portion cut away.
[B835] FIG. 158 iliustrates a side view of the portion of system shown in FIG. 15A.
10636] FIG. 15C illustrates a side view of the portion of system shown in FIG. 15A.

[6637] FIG. 16A illustrates a side view of a portion of a system according to an embodiment

of the present disclosure, with a portion cut away.
[6838] FIG. 168 iliustrates a side view of the portion of system shown in FIG. 16A.
106639} FIG. 16C illustrates a side view of the portion of system shown in FIG. 16A.

[6648] FIG. 17 illustrates a chart of reduced push torce of the delivery apparatus through an

expanded sheath of the system, according to an embodiment of the present disclosure.

[B841] FIG. 18 illustrates a side view of a dehivery apparatus, according 1o an embodiment of

the present disclosure.

[6642] FIG. 19 illustrates a flow chart of a method, according to an embodiment of the present

disclosure.

DETAILED DESCRIPTION

[0643] FIG. 1 dlustrates an embodiment of a system 10 for introducing a delivery apparatus
into a patient’s vasculature. The system 10 may include a sheath 12 and an introducer 14, The
mtroducer 14 may be positioned within a lomen of the sheath 12, as shown in FIG. 1. A control
housing 16 may be positioned at a proximal end of the svstem and may include a sheath bousing
18 and an introducer housing 26, The sheath housing 18 and introducer housing 20 may couple

together, as shown m FIG. 1.

{0644} The sheath 12 and introducer 14 arc shown in an insertion configuration, for insertion
together into the patient’s vasculature. Upon insertion into the patient’s vasculature, the
mntroducer 14 may be withdrawn longitudinally from the sheath 12, leaving the sheath 12 within
the patient’s vasculature. Features of the sheath 12 and the introducer 14 individually are
discussed below, as well as the operation of the sheath 12 and introducer 14 together.

[3645] FIG. 2 illustrates the sheath 12 separated from the mtroducer 14, The sheath 12
comprises an clongaie body that may have a cvlindrical shape. The sheath 12 has a distal end
22 and a proxamal end 24 and a length extending from the distal end 22 to the proximal end 24.
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[6646] The sheath 12 is configured to be mseried into a patient’s vasculature. The sheath 12
may comprise an introducer sheath that 18 ased to introduce a delivery apparatus into the

patient’s vasculature.

{3647} The vascolature mayv comprise the blood vessels of the patient’s body which may
include the femoral artery or other vessels of the patient’s body. The vasculature, such as the
femoral artery, may be namrow or stiff, and may be difficult to casily insert a debivery apparatus
therein. For example, the debivery apparatus may be larger than the vasculature, or may be
unwieldy to penctrate through the skin or vasculature of the patient to pass therethrough by
itself. Also, the vasculature may be too fragile to receive the delivery apparatus without use of

an ntroducer sheath.

10648} The sheath 12 accordingly may be mserted mto the patient’s vasculature prior to the
delivery apparatus being introduced, to provide an entryway or guide path for the delivery
apparatus to introduce the delivery apparatus into the patient’s vasculature. After the sheath
12 1s inserted, the sheath 12 may remain positioned within and surrounded by the patient’s
vasculature, The delivery apparatos may then be passed through the lumen of the cheath 12
for introduction into the patient’s body. The sheath 12 may remain in the vasculature until a

desired time to remove the sheath 12.

{6649} The sheath 12 may be inserted into the vasculature percutaneously or a portion of the

patient’s body may be surgically opened for the sheath 12 to access the vasculature.

{6858} The dehivery apparatus may be configured in a manner such as the delivery apparatus
11 shown in FIG. 18. The delivery apparatus 11 may comprise a device for delivering an
wmplant 13, or other type of implantable device, to a patient. The delivery apparatus 11 may
comprise a catheter, and may include a steerable guide catheter 15 {(also referred to as a flex
catheter) and a balloon catheter 17 extending through the guide catheter 15, The guide catheter
15 and the balloon catheter 17 may be adapted to shde Jongitudinally relative to each other to
facilitate delivery and positioning of the implant 13 at an implantation site in the patient™s body .
The delivery apparatus 11 may comprise an endovascular catheter assembly for endovascular

deployment of the implant 13

16651} The implant 13 may comprise a prosthetic device, such as a prosthetic heart valve to be
delivered to replace a heart valve of the patient. The prosthetic heart valve mav be an aortie,
mitral, tricuspid, and/or pulmonary heart valve for implantation.  The prosthetic heart valve

may be an expandable heart valve that is passed through the patient’s vasculature n an
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undeploved configuration and then is expanded mio a deploved configuration when placed in
the desired position {¢.g., at the heart valve to be replaced). The delivery apparatus 11 may be
configured to pass through the patient’s vasculature to deliver the implant 13 to the desired
location {e.g., the location of the heart valve to be replaced). Upon being placed in the desired
position, a deployment device, such as the balloon of the balloon catheter 17 may deploy the
heart valve in position. In other embodiments, other forms of mmplants may be utilized, such
as stents or filters, or diagnostic devices, among others. In other embodiments, other forms of

delivery apparatuses than shown in FIG. 18 may be utilized.

6052} The delivery apparatus #1 passes through the lumen of the sheath 12 to reach a desired
posttion in the patient’s body. Asshown in FIG. 18, the delivery apparatus 11 may pass through
an opening at the proxamal end of the sheath 12 (the sheath housing 18 is not shown in FIG.

18) for passage through the lomen of the sheath 12 and the vascelature of the patient.

[6653] The delivery apparatus and the systems disclosed herein may be used in transcatheter
aortic valve implantation {TAVI). The delivery apparatus and the systems disclosed hercin

may be utilized for transarterial access, including transfemoral access, to a patient’s heart.

3054} Referring back to FIG. 2, the sheath housing 18 may be positioned at the proximal end
24 of the sheath 12, The sheath housing 18 may comprise a cvhindrical body and may include
a coupler 21 for coupling to another housing or component of the system. The sheath housing
18 may include an mternal chamber 19 (marked 0 FIG. 7) for the delivery apparatus 11 to be
passed through to be delivered to the patient’s vascolature. The sheath housing 18 may be
configured to remain external to the patient’s vasculature when the sheath 12 is inserted therein
and may be configured to remain external to the patient’s skin for a percutancous implantation
ot the sheath 12. The sheath housing 18 may be configured for a user (such as a surgeon) to

grip to manipulate the sheath 12,

6035} The sheath 12 may melude a strain relief portion 26 at the proximal end 24 of the sheath
12. The stramn relief portion 26 may be sized larger than a proximate portion of the sheath 12
and may seal the entry pomt of the vasculature, to reduce the possibility of blood or other fluid
being released botween the exterior surface of the sheath 12 and the vasculature. The sheath
housing 18 may include a fluid port 28 for passing fluid such as blood to or from the patient’s
vasculature. Tubing 36 with a valve 31 mayv be coupled to the fluid port 28, for passing fluid

through the fhuid port 28 and for scaling flow of the fluid through the fluid port 28.



WO 2020/092253 PCT/US2019/058371

[6656] FIG. 3 ilustrates a cross sectional view of the sheath 12 along line A-A in FIG. 2. The
sheath 12 has a tumen 32 and one or more walls surrounding the lumen 32. In the embodiment
shown in FIG. 3, the walls may include an mner wubing wall 34 that surrounds the fumen 32

and an outer tubing wall 36 that surrounds the inner tubing wall 34,

10657} The inner tubing wall 34 may have an interior surface that comprises the mtertor surface
38 of the sheath 12, The inner tubing wall 34 may include a thick portion 46 and a thin portion
42. The mner tubing wall 34 may be folded upon itself such that a fold exists at the thin portion
42, as shown in FIG. 3. The fold may result in a channel 44 being positioned between the inner
tubing wall 34 and the outer tubing wall 36. A seal 46 (marked 1n FIG. 2) may be positioned
along the length of the sheath 12 to prevent blood or other fluid flow from passing through the

channel 44 and out of the proximal end 24 of the sheath 12,

[6658] The outer tubing wall 36 may have an exterior surface that comprises the exterior
surface 37 of the sheath 12. The outer tubing wall 36 may mclude multiple lavers, including

an imner laver 48 and an outer layer 38 extending around the nner layer 48.

[6659] Reinforcements 52 may be provided m the sheath 12, The reinforcements 52 may
compnse ¢longate rods that may be positioned between the mner laver 48 and the outer laver
3¢ of the outer tubing wall 36 and may extend along the length of the sheath 12, The

reinforcements 52 may provide strength to the sheath 12,

[0868] The sheath 12 may have an outer diameter 84 and an interior diameter 36, The outer
diameter 54 may be the diameter of the exterior surface 37 of the sheath, and the terior

diameter 56 may be the diameter of the mterior surface 38 of the sheath 12

10661} The sheath 12 may be configured to expand in a direction radially outward from the
lomen 32, The sheath 12 mav be contfigured to expand in a variety of manners, and may be
flexible m a direction radially outward from the lumen 32. For example, in the embodiment
shown in FIG. 3, the mner tubing wall 34 and the outer tubing wall 36 may gach be configured
to expand in a direction racially outward from the lumen 32, The inner tubing wall 34 and the
outer tubing wall 36 may both be flexible to allow for expansion m the direction radially
outward from the lumen 32.

13662} The inner tubing wall 34 may be configured such that the thin portion 42 is more
flexible than the thick portion 46 and accordingly fully or partially unfolds to expand the fold
when a force is applied to the inner tubing wall 34 radially outward from the lumen 32. The

anfolding of the inner tubing wall 34 allows the inner tubing wall 34 to expand 1o the direction

3



WO 2020/092253 PCT/US2019/058371

radially outward from the fumen 32. The outer tubing wall 36 may be stretchable and may
correspondingly expand in the direction radially sutward from the lumen 32 by the force of the

inner tubing wall 34 pressing agamst the outer tubing wall 36.

[3663] The expansion of the sheath 12 m the direction radially cutward from the lumen 32 may

result in an increased size of the lumen 32, the interior diameter 56, and the outer diameter 54,

[6664] In other embodiments, other manners of expansion may be uithized, for example
stretchable walls or walls that are otherwise flexable may be atilized without the use of a fold
or channel in a wall of the sheath 12, or other methods may be utilized. In onc embodiment, a
compressible wall may be utilized to expand the sheath 12. The sheath 12 may expand by the
mnterior diameter 86 being increased in size, or both the interior diameter 56 and outer diameter

54 being increased in size.

[66635] The sheath 12 may be configured for a localized expansion, m which the expansion

occurs at a location where an object is passing thercthrough.

[6666] The sheath 12 may be configured to expand to allow for a relatively low-profile, or
narrow outer diameter 54, msertion info the patient’s vasculature. The narrow outer diameter
54 may be sized to fit within the patient’s vasculature with relatively low insertion push force.
The narrow outer diameter 54, however, may correspond to a narrow interior diameter 56, The
narrow interior diameter 56 may be too narrow to receive the delivery apparatus 13 or may
result in relatively high insertion push force to be provided by the delivery apparatus 11, The
expansion of the sheath 12 in the dircction radially outward from the lumen 32 increases the
interior diameter 36 of the sheath 12 and may thus reduce the insertion push force that is necded

for the delivery apparatus 11,

16067} The sheath 12 may be clastic, and may be biased in a direction towards the lomen 32.
The sheath 12 accordingly may attempt to coniract or otherwise reduce i size. The reduction
in size may occur i a variety of manners. For example, 1o the embodiment shown n FIG. 3,
the outer tubing wall 36 may be clastic and configured to apply a force 1 a direction radially
towards the lnmen 32 upon being forced in a direction radially outward from the lomen 32 by
the mmer tubing wall 34, The outer tubing wall 36, upon expansion, may apply a compressive
force to the nner tubing wall 34, This compressive force may serve to reduce the size of the
fumen 32 and the interior diameter 56 of the sheath 12, In other embodiments, the entirety of

the sheath wall may be clastic and biased in the direction radially towards the tumen 32. In

&
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other embodiments, other means may be utilized to bias the sheath 12 in the direction towards

the lumen 32.

[3868] The sheath 12 may be contigured such that the elastic restoring torce of the sheath 12
does not fully move the sheath 12 back to its pre-expanded size. For example, in the
embodiment shown in FIG. 3, the sheath 12 is shown 1 a pre-expanded configuration. The
sheath 12 has an interior diameter 86, The sheath may be expanded by an object being passed
through the lumen 32 of the sheath that has a diameter larger than the interior diameter 56 of
the sheath 12, Upon the sheath 12 being expanded, the interior diameter 86 will increase to a
larger size {due to the larger diameter of the object}. The cuter diameter 54 may also increase
to a larger size. Upon the object being passed through the sheath 12, the sheath 12 may
elastically returm towards the lumen 32, but not fully back to the size or diameter shown in FIG.
3. The resulting interior diameter 56 of the sheath mayv be larger than the diameter in the pre-
expanded configuration, but not larger that its diameter when the object i1s passing through.
Similarly, the resulting outer diameter 34 may be larger than the diameter m the pre-expanded
configuration, but not larger that its diameter when the object is passing through. Thus, the

sheath 12 may be configured for a partial return to its pre-expanded configuration and size.

[3869] The sheath 12 may be configured to be elastic (e.g., partially return {o a pre-expanded
configuration) to allow for a reduction n the size of the outer diameter 54 gpon the delivery
apparatus 11 being passed therethrough. The reduced size of the outer diameter 54 mav allow
for case of removal of the sheath 12 from the patient’s vasculature and reduced stress being
applied to the vasculatare when the delivery apparatus 11 is not positioned within the sheath
12

[B876] Referning to FIG. 4, the witroducer 14 may be utilized to introduce the sheath 12 o
the vasculature of the patient’s body. The introducer 14 is configured to be positioned within
the lumen of the sheath 12 1o introduce the sheath 12 into the vasculature of the patient’s body,

as shown in FIG. 1.

{6871} FIG. 4 illustrates the introducer 14 separated from the sheath 12, The introducer 14
comprises an elongate body having a distal end 68, a proximal end 62 (marked in FIG. 7) and
a length extending from the distal end 68 to the proximal end 62, The mtroducer 14 may be
configured to have a length that is greater than the length of the sheath 12, such that a portion
of the introducer 14 extends beyond the distal end 22 of the sheath 12 (marked in FI1G. 2). The

mitroducer 14 may include a tip 64. The tip 64 mayv be tapercd down to the distal end 66 of the

10
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mtroducer 14. The tapered distal tip 64 may be configured to extend bevond the distal end 22
of the sheath 12 when the introducer 14 is positioned within the umen of the sheath 12, as

shown in FIGS. 1 and 7.

{3672} The introducer 14 may inclade an outer shaft 66 (marked in FIGS. 5 and 7) that extends
along a length of the introducer 14. The outer shaft 66 may have a proximal end 68 (marked
m FIG. 7) and a distal end 70 and a length extending from the distal end 78 to the proximal end
68. The outer shaft 66 may comprise a tube extending around a portion of the introducer, such
that the portion of the mtroducer 14 that is within the outer shaft 66 comprises an mner shaft
72 {(marked m FIGS. 5 and 7) and such that the outer shaft 66 comprises an outer tube. The

wntroducer 14 may comprise a two-part shaft (inner shaft 72 and outer shaft 66).

106673} FIG. 5 illustrates a close-up view of the distal end 70 ofthe cuter shaft 66, with a portion
cut away to show the inner shaft 72 within the outer shaft 66. The mner shaft 72 portion may
comprise a portion 74 of the mntroducer and the tip 64 may comprise a thicker portion 76 of the
mtroducer 14 such that the portion 74 s a thin portion 74 and the portion 76 15 a thick portion
76. The introducer 14 may transition between the inner shaft 72 portion to the thick portion 76

at a step 78.

[3674] A plug 78 mav be coupled to the introducer 14, The plug 78 may comprise an
cxpandable portion of the introducer 4. The plug 78 accordingly may be integral with the
mtroducer 14. The plug 78 may comprise a plurality of supports 88. The plurality of supports
88 may be separated from each other by a respective shit 82 or other form of separation between
the supports 88. The supporis 88 may comprise slats that arc separated by slits 82. The

supports 80 and slits 82 may extend longitudinally along the introducer 14.

106673} The supports 88 may include proximal supports 84 and distal supports 86, each of which
may be configured to pivot at prvot portions 88 of the plug 78. The proximal supports 84 and
distal supporis 86 may couple to cach other at a pivot portion 98 of the plug 78, which may be
a central pivot portion 28. The pivot portions 88, 90 however, may be unpivoted, or flattened,

in the position shown in FIG. 5.
[B876] A distal portion of the plug 78 may include additional supports 92 separated by shis 94.

13677} The plug 78 mav be configured to be ntegral with the outer shaft 66, as shown i FIG.
5. The supports 80 may cach be integral with the outer shaft 66. The slits 82, 94 may comprise
shits tn the cuter shaft 66. As such, the plug 78 may be a portion of the cuter shaft 66, and may

be activated by manipulation of the outer shaft 66
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[6678] The plug 78 may be configured to move from a first position in which the plug 78 has
a first diameter to a second position in which the plug 78 has a second diameter that is greater
than the first diameter. The plug 78 is shown in FIG. 5 1n a first position, in which the plug 78
is flatiened, or in an unexpanded configuration or undeployed configuration. The supports 80
extend along the longitudinal axis of the introducer 14 and around the inner shaft 72 of the
introdocer 14, The plag 78 has a diameter 96 1 the first position. The plug 78 may move to a
second position, as shown in FIG. 10A, in which the plug 78 1s in an expanded configuration,
or deploved configuration, and has a diameter 98 that is greater than the diameter 96, and
greater than the interior diameter 36 of the sheath 12 (marked m FIG. 3). The supports 80 in

the second position extend radially outward from the ntroducer 14,

16672} The plug 78 in the first position may be configured to fit within the lumen 32 of the
sheath 12, The plug 78 may have a diameter 96 that is sized to fit within the lamen 32 of the
sheath 12, The diameter 96 may be substantially cqual to or less than to the diameter 106 of
the thick portion 76 of the mtroducer 14 (which 1s the outer diameter of the introducer 14).
Thus, the plug 78 i the first position may fit within the lumen 32 without increasing the size
of the lumen 32 or otherwise expanding the sheath 12, The diameter 186 of the ntroducer 14

may be configured to be at or less than the interior diameter 36 of the sheath 12,

10680 Referring to FIGS. 4 and 6, the introducer housing 20 may be positioned at the proximal
cnd of the introducer 14, FIG. 6 illustrates a disassembled view of the introducer housing 20,
with the outer shaft 66 and mner shaft 72 shown n cross section. An outer shaft housing 1082
and an inner shaft housing 184 are shown separated from an interior chamber 186 of the

introducer housing 28,

[3881] The mtroducer housing 28 may be configured to couple to the sheath housing 18, The
introducer housing 20 may be configured as a control device for controlling the mtroducer 14
and the plug 78, The ntroducer housing 28 may include an interior chamber 106, The
mtroducer housing 28 may include a shde channel 108 and locks 183, 108, 107, The shde
channel 168 mayv be configured as a cut-out in the body of the introducer housing 28, and the
locks 183, 165, 167 may be configured as cut-outs in the body of the imtroducer housing 26 in

a transverse direction as the shide channel 148,

[3682] The mtroducer housing 20 may include a distal end 109 and a proximal end 111 and a
length extending from the distal end 169 to the proximal end 111, The distal end 183 may

mchude an opening 113 that extends around a portion of the sheath bousing 18, particularly the
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coupler 21 (marked m FIG. 2). A secunng device such as a securing ring 115 may extend over
the body of the mtroducer housing 26 at the coupler 21 to couple the introducer housing 28 to
the sheath housing 18, The proximal end 111 of the introducer housing 20 mayv include an
opeming 117 for a guide wire 114 (marked m FIG. 7) to extend through. The introducer housing
28 may be configured for a user {such as a surgeon) to grip to manipulate the ntroducer 14 and

the plug 78.

[6683] The mntroducer housing 20 may mclude an outer shaft housing 182 and an mner shaft
housing 184. The outer shaft housing 162 and the mmer shaft housing 184 may be positioned
within the interior chamber 106 of the introducer housing 26, The outer shaft housing 102 and
the inner shaft housing 104 may be configured to move relative to each other to control the

plug 78 and separately control the cuter shatt 66 and the tuner shaft 72.

16084} The outer shaft housing 162 may couple to the proxumal end 68 of the outer shaft 66
{marked in FI{3. 7). The outer shaft housing 162 may mclude a fluid port 110 for passing fhud
such as blood to or from the patient’s vasculature. Tubing 97 with a valve 99 (marked in FIG.
4} may be coupled to the fluid port 118 for passing fluid through the fluid port 118 and for
scaling flow of the fluid through the fluid port 116

[3685] The outer shaft housing 182 may be configured to move relative to the body of the
mitroducer housing 20 and relative to the sheath housing 18 and the ioper shafi housing 104,
such that the outer shaft housing 182 and the outer shaft 66 may move relative to the inner shaft

72 and the sheath 12

[6086] The outer shaft housing 102 may be configured to shide longitudinally within the
wnterior chamber 106 of the introducer housing 20 with the fluid port 116 extending through
the shide channel 188, The outer shaft housing 182 may also be configured 1o rotate within the
body of the introducer housing 28 around the longitudinal axis that the outer shafi 66 extends
along. The outer shaft housing 182 may be configured to rotate around this longitudinal axis

to have the fluid port 110 rotate 1n and out of the lock 163 and lock 108,

G087} The inoer shaft housing 104 may couple to the proximal end 62 (marked m FIG. 7} of
the mmer shaft 72. The inner shaft housing 184 may include a control surface 112 that may be
posttioned exterior of the body of the introducer housing 28 when the inner shaft housing 104
1s positioned within the intcrior chamber 106 of the introducer housing 28, The connection
between the body of the inner shaft housing 104 and the control surface 112 may extend

through the slide channel 108, such that the body of the inner shaft housing 104 is within the
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mterior chamber 186 and the control surface 112 15 exterior. The control surface 112 may be
configured for a user (such as a surgeon} to manipulate to control the inner shaft 72 and the

plug 78.

[3688] The inner shaft housing 184 may be configured to move relative to the body of the
introdocer housing 28 and relative to the sheath housing 18 and the outer shaft housing 162,
such that the inner shaft housing 184 and the inner shatt 72 may move relative to the outer shaft

66 and the sheath 12

[6089] The mner shaft housing 104 may be configured to shide longitudinally within the
wnterior chamber 186 of the ntroducer housing 28, The mnner shaft housing 184 may also be
configared to rotate within the body of the introducer housing 20 arcund the longitudinal axis
that the inner shaft 72 extends along. The inner shaft bousing 184 mav be configured to rotate
around this longitudinal axis to have the connection between the body of the inner shaft housing

1G4 and the control surface 112 rotate in and out of the lock 185 and lock 187,

{68948} The mtroducer 14 is configured to be nserted nto, and positionad within the lumen 32
of the sheath 12, upon the imtroducer 14 and sheath 12 being ntroduced into the patient’s
vasailature. The introducer 14 preferably comprises a nigid body with sufficient strength to
guide the sheath 12 into the patient’s vasculatore, with sufficient flexibility to allow for flexible
movements of the introducer 14 and sheath 12 together. The tapered tip 64 of the introducer is
preferably shaped to improve case of penctration and access of the patient’s vasculature by
opening the interior of the vasculature as the introdacer 14 and sheath 12 together are inserted
into the vasculature. The tip 64 may be configured to be soft and flexible to reduce the

possibility of damaging the patient’s vasculature,

10691} The sheath 12 and introducer 14 may be configured tc be held in an ngertion
contiguration in which the sheath 12 is positioned around the introducer 14 when mtroduced
mto the patient’s vasculature. An msertion configuration is shown in FIG. 1. The sheath 12
and mtroducer 14 may be held i position relative to cach other by the coupling between the
sheath housing 18 and the mtroducer housing 28. The tip 64 of the miroducer 14 extends
bevond the distal end 22 of the sheath 12, The introducer 14 is held in posttion relative to the
sheath 12 such that a length of the introducer 14 extends bevond the distal end 22 of the sheath
12 and the plug 78 15 within the lomen of the sheath 12, This position of the introducer 14 and
the plug 78 relative to the sheath 12 may be referred 1o as an insertion position, for introduction

mto the patient’s vasculature.
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[6692] The sheath 12 and mtroducer 14 in the msertion configuration may be mtroduced into
the patient’s vasculature by being shd over a guide wire 114 {marked n FIG. 7) that has been
previously imtroduced into the patient’s vascuature. The sheath 12 in this configuration is
preferably sized to fit within the vasculature of the patient, and has a relatively low profile, or

narrow outer diameter.

[6693] FIG. 7 illustrates a cross sectional view of the system shown in FIG. 1 along a midline

of the system.

[6694] Asshown in FIG. 7, the introducer 14, including the inner shaft 72 of the miroducer 14,
mav mclude an mteral channel 116 that extends along its length, trom the distal end 68 of the
introdocer 14 to the proximal end 62 of the wntroducer 14 (the proximal end of the mner shaft
72). The channel 116 is configured to receive a guide wire 114 that the introducer 14 extends

over when the introducer 14 is inserted mto the vasculature of the patient’s body.

18095} The tip 64 of the introducer 14 may couple to the inner shaft 72 portion of the introducer
14 via a threaded connection 118, In other embodiments, other forms of connections may be

utilized.

10696] The outer shaft 66 is shown to extend over the inner shaft 72 from the distal end 78 of
the outer shaft 66 to the proximal end 68 of the outer shaft 66. The plug 78 is in the first

position and positioned within the sheath 12,

{6897} The outer tubing wall 36 of the sheath 12 is shown extending over the inner tubing wall
34 of the sheath 12, which accordingly extends over the miroducer 14 and the plug 78. The
channel 44 of the sheath 12 1s shown estending proximally from the distal end 22 of the sheath
12, The sheath 12 at the distal end 22 may be configured with a taper to allow for a smooth
tapered transition between the introducer 14 and the sheath 12 at a distal opening 119 of the
sheath 12, The distal opening 119 may be at the distal end 22 of the sheath 12 and configured
for the mntroducer 14 and plug 78 to pass therethrough.

3098} The proximal cnd 24 of the sheath 12 may couple to an outer housing 128, or distal
housing, of the sheath housing 18. The outer housing 120 may be threaded or otherwise
coupled to an mwmer housing 122, or proximal housing, of the sheath housing 18. The mner
housing 122 may include the interior chamber 19 that may transfer fluids to or from the svstem,
for example, via the fluid port 28, and may receive the introducer 14, meluding the inner shaft

72 and outer shaft 66. A movable wall 124 comprising a plurality of flaps may be positiongd
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in the interior chamber 19 and mayv form a scal around the introducer 14 when the mtroducer

14 1s positioned within the sheath 12 and passes through the movable wall 124,

[3899] The introducer housing 20 is shown coupled to the coupler 21. The miroducer housing
28 may be positioned over the coupler 21, The securing ring 115 may extend over the
introdocer housing 28 at the coupler 21 to couple the introducer housing 28 to the sheath

housing 18 with a press fif or the hike.

16108} The outer shaft housing 192 is shown positioned within the interior chamber 186 of the
introducer housing 28. A secal 128 may be positioned within the outer shaft housing 162 and
may seal the connection between the outer shaft housing 102 and the inner shaft 72 sach that

Auid does not leak when the outer shaft housing 162 moves relative to the imner shaft 72

{6101} The outer shaft housing 182 in FIG. 7 is locked in position relative to the other
components of the system. The locked position in F1G. 7 is caused by the fluid port 118 bemg
positioned in the lock 185, The locked position prevents the outer shaft housing 102 and the

outer shaft 66 from shiding relative to other components of the system.

[33102] The inner shaft housing 104 15 shown to mclude an miemal channel 131 that allows the

guide wire 114 and the proximal end 62 of the wtroducer 14 to pass therethrough.

[6303] The mner shaft housimg 184 wm FIG. 7 1s locked in position relative to the other
components of the system. The locked position in FIG. 7 is caused by the connection between
the body of the imner shaft housing 184 and the control surface 112 being positioned in the lock
167 (the lock 167 is shown in FIG. 6). The locked position prevents the inner shaft housing

184 and the mnner shatt 72 from shiding relative to other components of the svstem.

{6104} The system shown m FIG. 7 is in a configuration for insertion into the patient’s
vasculature. The components are preferably locked in position relative to each other such that
the components do not slide or otherwise move relative to each other upon nsertion, astde from

the system shiding along the guide wire 114.

[33105] Upon the system being placed in the desired posttion within the patient’s body, the plug
78 may be activated from the first position 1o the second position and the introducer 14 may be
withdrawn from the sheath 12, Such an operation leaves the sheath 12 i position within the
patient’s vasculature, in position to introduce a delivery apparatus (such as delivery apparatus

1% shown n FIG. 18).
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[6106] FIGS. 8A and 8B illusirate a step n the movement of the plug 78 from the first position
to the second position. In FIG. 8A, the mtroducer 14 and plug 78 have been moved to an
advanced configuration, in an advanced position distally beyond the opening 119 of the sheath
12. The introducer 14 and plug 78 have shid distally relative to the sheath 12, The shding
movement of the mtroducer 14 and plug 78 may be by a defined distance. The introducer 14
and plag 78 slide relative to the guide wire 114 {shown in FIG. 7). The plug 78 preferably
remains 1o the first position during this movement to the advanced position. Preferably the
sheath 12 does not slide within the patient’s vasculature during this movement. In an
embodiment in which the plug 78 is coupled to, or a part of the outer shaft 66, the outer shaft

66 may slide relative to the sheath 12 as well to move the plag 78 into the desired position.

{3107} Referring to FIG. 13A, a cross sectional view of the introducer 14 1s shown along hne
B-Bin FIG. 8A. The plurality of supports 80 are shown to extend along the inner shaft 72 and

are scparated by slits 82,

[0108] The movement of the mtroducer 14 and plug 78 in FIG. 8A may be produced by the
movement of the outer shaft housing 102 and the inoer shaft housing 104 relative to the body
of the mtroducer housing 28. FI1G. 8B shows the movement of the housings 102, 184, In FIG.
8B, the outer shaft housing 182 has released from the lock 185 by being rotated out of the lock
165. The outer shaft housing 162 may rotate around the longitudinal axis that the outer shaft
66 extends along to rotate out of the lock 105, The inner shaft housing 104 may also rotate out
of the fock 107. Upon both housings 162, 184 being unlocked, they may each shde
longitudinally within the introducer housing 28 and shide distally to the distal end of the shide
channel 108 The housings 162, 184 may shide a defined length to correspondingly extend the
introducer 14 and plug 78 the defined length from the opening 119 of the sheath 12 shown in
FIG. 8A. The introducer 14 accordingly may be sized to have a length that 1s greater than the
sheath 12 by at least the length of the plug 78 in the first position, to allow the plug 78 to be
shid out from the end of the sheath 12. The outer shaft housing 162, and particularly the fluid

port 118, mayv rotate within the introducer housing 24 to lock into lock 143,

6109} Upon the suter shaft housing 102 being locked into lock 183, the ouier shaft 66 and
accordingly the plug 78 mayv be held in posttion relative to the sheath 12, The inner shaft 72,
however, may be able to shide proxamally relative to the outer shaft 66, the plug 78, and the
sheath 12, This movement may be available because the inner shaft housing 184 is not locked

relative to the introducer housing 28. The inner shaft housing 184 may shide longitudinally
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proximally relative to the mtroducer housing 26, with the outer shaft housing 162 being locked

nto lock 183, to retract the inner shaft 72 relative to the plug 78,

{3116} FIG. 9 illustrates a view of the inner shaft 72 of the ntroducer 14 being partially
retracted, or partially slid proximally, relative to the plug 78. The plug 78 is in an mtcrmediate
position between the first position (as represented in FIG. 8A} and the second position {as
represeunted m FIG. 104A). The arrow shown in FIG. 9 dlustrates the movement of the inner
shaft 72 of the introducer 14 relative to the plug 78. A portion of the introducer 14, for example
the step 75 of the introducer 14, may press against the plug 78 in the proximal direction to
apply a force to the plug 78. The force of the mtroducer 14 applied by the introducer 14 to the
plug 78 causes the plug to move from the first position to the second position. The force of the
introdocer 14 against the plug 78 may cause the distal portion of the plug 78 to overlap the
thick portion 76 of the mtroducer 14. The slits 94 may allow for expansion of the distal portion
such that the distal portion flarcs open and may form an angled portion of the plug 78 tapering

outward in the distal direction.

{6111} The supporis 8¢ may bow outward from the inner shaft 72 of the introducer 14. The
proximal supports 84 and distal supports 86 may cach pivot at opposite angles relative to each
other. The proximal supports 84 and distal supports 86 may each pivot about respective pivot

portions 88, 90.

[6112] The inner shaft 72 of the introducer 14 may continue to slide proximally relative to the
sheath 12 and outer shaft 66 until the mner shaft 72 of the mtroducer 14 reaches a position
shown in FIG. 10A. The plug 78 may be positioned on the introducer 14 such that the plug 78
moves from the first position to the second position at a position distal the opening 119 of the
sheath 12, and exterior of the tumen of the sheath 12, when the mtroducer 14 is positioned
within the lumen 32, The mtroducer 14 has continued to apply a force against the plug 78
the proximal direction until the proximal supports 84 have overlapped the distal supports 86,
The distal supports 86 have folded under the respective proximal supports 84. The supporis 80
are configured to bend to move the plug 78 from the first position to the second position. The
respective supports 88 overlap upon itself wnn the second position. The supports in this
configuration form a plurality of protrusions extending outward from the mtroducer 14, The
distal portion of the plug 78 that overlaps the thick portion 76 of the mitroducer 14 forms a
bump 127 that the supports 84, 86 are positioned over, and the bump 127 supports the supports
84 86 to morease the diameter 98 of the plug 78. The sapports 84, 86 together form a comical

shape tapering outward in the distal direction. The plug 78 in this position {the second position)
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has a diameter 98 that 1s greater than the diameter 96 of the plug in the first position {as shown
in FIG. 53, and 1s greater than the interior diameter 56 of the sheath 12 as 18 marked in FIG. 3.

The plug 78 in this posttion is 1n a deployved configuration, or expanded configuration.

{3113} The plug 78 n the second position extends radially cutward from the mtroducer 14
The plug 78 in the second position has a length that is less than the length of the sheath 12 and
1s configurced to slide within the Twmen 32 in a direction from the distal end 22 of the sheath 12
towards the proximal end 24 of the sheath 12 to expand the sheath 12 m a direction radially
outward from the lumen 32. The length of the plug 78 in the sccond position may, in one
embodiment, be less than 2% the length of the sheath 12, The length of the plug 78 in the
second position may n one embodiment be less than 5% the length of the sheath 12, The
length of the plug 78 in the second position may 1o one embodiment be less than 10% the length
of the sheath 12. The length of the plug 78 in the second position in other embodiments may
be less than 20%, 30%, 40% or 50% the length of the sheath 12, among other lengths. The
plug 78 may be positioned on the mitroducer 14 such that the entirety of the plug 78 m the
second position is closer to the distal end 60 of the wtroducer 14 than the proximal end 62 of

the mtroducer 14,

[3114] Referning to FIG. 13B, a cross sectional view of the introducer 14 1s shown along hine
C-C o FIG. 10A. The plurality of supports 80 are shown to extend outward radially from the
mner shaft 72, The number of supporis 80 is shown to be six in FIG. 138, however, i other
embodiments the number may be greater or lesser. In one embodiment, one support may be

utilized.

[6115] FIG. 10B dlustrates the position of the outer shaft housing 102 and the mner shaft
housing 104 relative to the introducer housmg 28 when the plug 78 is m the position shown in
Fiz. 10A. 'The introducer housing 20 remains coupled to the sheath housing 18, The outer
shaft housing 182 remams locked in the lock 183, The inner shaft housing 104, however, has
shid proximally relative to the outer shaft housing 182 and has been placed mito lock 165 by
being rotated into lock 185, The distance between the outer shaft housing 182 and the inner
shaft housing 184 may be a defined distance, defining a relative distance of movement between

the 1oner shaft 72 of the introducer 14 and the plug 78,

{3116} Upon the phig 78 being moved to the second position, and the outer shaft housing 162
and the inner shaft housing 134 being locked in position in the introducer housing 28, the

mitroducer housing 20 may be released from the sheath housing 8. The sccuring device such
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as the securing ring 115 may be released and the miroducer housing 20 may be pulled
proximally from the sheath housing 18, The plug 78 may enter the opening 119 of the sheath

12 and slide relative to the sheath 12 within the lumen of the sheath 12.

{3117} FIG. 11A illustrates the plug 78 and mitroducer 14 being shd proxamally within the
fomen of the sheath 12. The plug 78 has entered the opening 119 of the sheath 12. FIG. 11B
iHustrates the contiguration of the mtroducer bousing 20 m which the introducer housing 26 1s
released from the sheath housing 18 and moved proximally. The movement of the mtroducer
housing 28 retracts or withdraws the introducer 14 from the sheath 12, while leaving the sheath

12 i place within the patient’s vascelature.

[3118] The increased diameter of the plug 78 m the second position, as the plug 78 i shid
proximally through the sheath’s 12 lamen causes the sheath 12 to expand. The interior diameter
56 and lumen 32 (marked in FIG. 3) of the sheath 12 arc increased by the radial pressing force

applied by the plug 78 to the interior surface 38 of the sheath 12 {also marked m FIG. 3).

{6119} The plug 78 preferably has a length that is less than the length of the sheath 12, such
that as the plug 78 is slid proximally through the lumen of the sheath 12, a transient expansion
ot the sheath 12 occurs. Thus, only a portion of the sheath 12 has a force applied to 1t and has
a localized expansion caused by the plug 78 at a given moment. The plug 78 may be coupled
to the mtroducer 14 such that withdrawal of the mtroducer 14 through the lumen 32 n the
proximal direction causes the plug 78 to enter the openmg 119 of the sheath 12 and shde within
the humen 32 in the proxamal direction to transiently expand the sheath 12 i the direction
radially outward from the tumen 32. The transient force to a portion of the sheath 12 allows
for a lesser force to be applied to the sheath 12 than if the cutirety of the sheath 12 were
expanded at once. In addition, the shiding motion of the plug 78 reduces static friction that may
exist between the plug 78 and the mterior surface of the sheath 12. The sliding motion also
reduces the possibility of the plug 78 becoming stuck in the lumen, due to the kinetic energy
provided fo the plug 78 and the reduction of adhesive forces that may exist between the outer
surface of the plug 78 and the interior surface of the sheath if the plug 78 were deployed within
the lomen.

[33128] FIG. 12A illustrates the transient expansion of the sheath 12, The plug 78 1s being shid
proximally relative to the sheath 12, The location of the plug 78 within the sheath 13 marked
in FIG 12A as reference number 129 The plug 78 may expand the sheath 12 at the position

of the plug 78 and may leave an mcreased size in the sheath 12 in the distal portion of the
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sheath 12, FIG. 12B illustrates a representation of the movement of the plug 78 within the
sheath 12. In FIG. 12B, the plug 78 has not vet passed through the proximal portion of the
sheath 12 marked as portion 136, The plug 78 is within the portion of the sheath 12 marked as
portion 132, The plug 78 has passed through the portion of the sheath 12 marked as portion
134. The diameter of the sheath 12 at portion 132 1s larger than in portion 130 because the
plug 78 has not vet passed through portion 138, The diameter of the sheath 12 at portion 134
may be loss than the diameter at portion 132 because the sheath may be elastic and biased in a
direction radially towards the tumen. The plug 78 accordingly may be configured to transiently
expand a distal portion of the sheath 12, and then a central portion of the sheath 12, and then a
proximal portion of the sheath 12 in successive order, rather than expanding a distal, central,
and proximal portion of the sheath 12 all at one time. The plug 78 may be sized or have a
length relative to the length of the sheath 12 to only expand a portion of the sheath 12 at ong

fime.

[63121] The sheath 12 may be configured 1o partially retum to a pre-expanded configuration, as
discussed previously. The difference i diameter between portion 134 and portion 136,
however, may decrease the msertion push force of a delivery apparatus mserted through the

sheath 12 after the introducer 14 and plug 78 have been removed from the sheath 12,

13122} The plug 78 and introducer 14 may continue to be withdrawn from the sheath 12 votil
completely removed from the lumen of the sheath 12, Upon their removal, a delivery apparatus
such as the apparatus 11 shown in FIG. 18 may be mserted into the sheath 12 in a distal

direction with a reduced pushing force due to the expanded lumen size.

{3123} The svstem allows for msertion of the sheath 12 and the introducer 14 into the patient’s
vascilature with a relatively low-profile, or narrow outer diameter.  As the introducer 14 1s
removed from the sheath 12 to leave the sheath 12 positioned within the patient’s vasculaturg,
the plug 78 serves to expand the sheath 12, providing a larger lumen 32 size and larger interior
diameter 36. The sheath 12 may partially retumn to a pre-expanded configuration upon the plug
passing therethrough (as marked as portion 134 m FIG. 12B}), however, the enhanced size of
the sheath 12 nonctheless reduces insertion push force required for the delivery apparatus to be
inserted through the sheath 12, The sheath 12 accordingly mav be preconditioned for

wntroduction of the delivery apparatus via a plug 78 integrated with the introducer 14.

13124} The system provides benefits over prior methods of sheath expansion. In prior methods,

once the introducer (without a plug) is removed from the sheath, one or more dilator rods may
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be inserted through the sheath in the distal divection to progressively expand the size of the
sheath. These prior methods may include multiple steps {e.g., insert sheath and introducer,
remove mtroducer, nsert and remove multiple dilator rods) before msertion of the delivery
apparatus. The system may alleviate these 1ssues by allowing removal of the introducer with
the expanded plug to expand the sheath, without mudtiple dilator rods needing to be nserted
into the sheath. The system may thus provide a reduced number of steps during a medical

procedure.

[0125] In other prior methods, the delivery apparatus 18 simply pushed through the sheath

without the sheath being pre-expanded by a dilator rod or otherwise.

[3126] FIG. 17 illustrates a chart of reduced push force of the delivery apparatus through an
cxpanded sheath 12 of the sysiem. The vertical axis of the chart displays push force
Newtons., The horizontal axis corresponds to select portions of the sheath 12 (the scal 46, the
bodv of the sheath 12 between the seal and the tip, and the tip at the distal end 22 of the sheath

12).

{6127} The lower bars 136, 138, 140 in the chart correspond to the push force required for a
delivery apparatus through a sheath that has been pre-expanded according to the systems,
apparatuses, and methods of the present disclosure. The bar 136 corresponds to the push force
required at the seal 46. The bar 138 corresponds to the push force required through the body
of the sheath 12 between the seal and the tip. The bar 140 corresponds to the push force

required through the tip at the distal end 22 of the sheath 12,

[6128] The upper bars 142, 144, 146 in the chart correspond to the push force required for a
delivery apparatus through an expandable sheath that has not been pre-expanded according to
the present disclosure. The bar 142 corresponds to the push force required at a scal of the
uncxpanded sheath. The bar 144 corresponds to the push force required through the body of
the unexpanded sheath between the seal and the tip. The bar 146 corresponds to the push force

required through the tip at a distal end of the unexpanded sheath.

{3129} The push force is shown to reduce for the pre-expanded sheath according to the systems,
apparatuses, and methods of the present disclosure. The push force at the seal 46 1s
approxamately 15% less for the pre-expanded sheath according to the present disclosure (about
18N versus 21N). The push force through the body of the unexpanded sheath between the scal
and the tip is approximately 18% less for the pre-expanded sheath according to the present

disclosure (about 155N versus 19N). The push force at the tip at a distal end of the unexpanded
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sheath 1s approximately 27% less for the pre-expanded sheath according to the present

disclosure (about 22 5N versus 31N).

[33138] Accordingly, the systems, apparatuses, and methods of the present disclosure may
result in a reduced push force for a delivery apparatus, as well as reducing a number of steps

performed during a medical procedure, among other beneficial results.

[6131] FIGS. 14A-16C illustrate vanations of embodiments of systems for introducing a
delivery apparatus into a patient’s vasculature. The features of the embodiments of FIGS.
14A-16C may be utilized with or applied to the embodiments of FIGS. 1-138, and the features
of the embodiments of FIGS. 1-13B may be utilized with or applied to the embodiments of

FIGS. 14A-16C.

10132} FIGS. 14A, B, and C illustrate an embodiment of a system 148 in which the plug 150
compnses an mflatable body. The plug 156 may comprise an expandable portion of the
mitroducer 154 that is coupled to the introducer 154, The system includes a sheath 152, and an
introducer 154, The sheath 152 may be configured similarly as the sheath 12 in the
cmbodiments of FIGS. 1-13B. The system may include a control bousing 156 that may be
positioned at a proxamal end of the svstem and may include a sheath housing 158 and an
introdocer housing 168, A fluid port 162 may couple to the sheath housing 138 for passing
fluid through the sheath 152, Tubing 164 may be coupled to the fluid port 162 for passing fhaid
through the thud port 162, and may mchude a valve for sealing flow of the fluid through the
fluid port 162, A fhud port 166 may couple to the mtroducer housing 168 for passing thud
through the introducer 154 and to the plug 150, Tubing 168 may be coupled to the fluid port
166 for passing fluid through the fluid port 166, and may include a valve for sealing flow of
the fluid through the fluid port 166. The sheath 152 and mtroducer 134 may be mserted mto

the patient’s vasculature in a similar manner as the system discussed i regard to FIGS. 1-13B.

[63133] FIG. 14A illustrates the system m an insertion configuration, m which the mtroducer
154 15 positioned within the sheath 132 and the plug 156 and introducer 154 are in an insertion
position within the sheath 152, The plug 156 s flattened, or in an unexpanded configuration
or undeploved configuration, within the sheath 152, The sheath housing 158 and mtroducer
housing 160 may be locked in position relative to each other to lock the comresponding sheath
152 and introducer 154 in position relative to each other and to secure the plug 158 within the

fumen of the sheath 152,
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16134} A cut-away portion of the sheath 152 and wntroducer 134 is shown m FIG. 14A. The
mtroducer 154 may mehude an internal himen 169 configured to convey a fluid or other material
to or from the plug 156. The internal lumen 169 may be utilized to mflate the plug 150 with
fluid, which may be provided by the fluid port 166 and tubing 168. The introducer 134 may
also mclude an mternal channel 158, similar to the channel 116 of the introducer 14, for

receiving a guide wire.

[6135] FI(G. 14B illustrates the syvstem 1o an advanced configuration, in which the mtroducer
13 advanced distally through the sheath 132 and the plug 150 1s exterior of the sheath 152, The
plug 158 and introducer 154 arc 1n an advanced position distal of the sheath 152, The plug 156
1s flattened, or in an unexpanded configuration or undeploved configuration. The plug 150
may be i the first position, which may be a deflated state of the plug 1538, The mtroducer
housing 160 may be advanced distally towards the sheath housing 158 to advance and expose

the plug 156,

[0136] In the advanced position, the plug 156 may be inflated to move to the second posttion

and increase the diameter of the plug 150

[3137] FIG. 14C idlustrates the plug 150 inflated 1o the second position, or the expanded
configaration, or deploved configuration. The plug 150 in the second position has a length that
1s less than the length of the sheath 152 and has a diameter that is larger than the wterior
diameter of the sheath 182, The plug 130 may extend radially outward from the mtroducer
154. The plug 158 may comprise an inflatable body such as a balloon. The plug 138 may have
a tapered shape that tapers ouwtward from a proximal portion of the plug 150 to a distal portion
of the plug 150. The plug 150 may have a conical shape to case entry nto the sheath 152 when
the plug 1586 1s pulled proximally. The plug 138 may be activated to the second position by

being inflated via fluid passing through the fluid port 166.

6138} The plug 150 may be pulled through the sheath 152 1n a similar manner as discussed n
regard to FIGS. 1-138B. The plug 156, when retracted or withdrawn through the sheath 152
serves to expand the sheath 152 in a siular manner as discussed in regard to FIGS. 1-13B. A
transient expansion may result, as discussed in regard to the embodiments of FIGS. 1-13B.

16132} FIGS. 15A, B, and C, illustraic an embodiment of a system in which the plag 17¢
comprises a bellows structure. The system includes a sheath 172 and an mtroducer 174, The
sheath 172 may be configured sinularly as the sheath 12 in the embodiments of FIGS. 1-13B.

The phug 178 may comprise an expandable portion of the introducer 174 that is coupled to the
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mtroducer 174, The system may also include a control housing positioned at a proximal end
of the system and may tnclade a sheath housing and an introducer housing in a similar mamner

as discussed in regard to FIGS. 1-13B.

13140} FIG. 15A illustrates a close-up view of the distal end 176 of the sheath 172, with a
portion cut-away. The introducer 174 may include an inner shaft 171 and an cuter shaft 173
i a similar manoer as discussed in regard to FIGS. 1-13B. The mner shaft 171 may include
an internal channel 175, similar to the channel 116 of the introducer 14, for receiving a guide

wire.

[3141] The plug 176 may be integral with the outer shaft 173, The introducer 174 may mnclude
a thicker portion 177 coupled to the thinner portion (represented by inner shaft 171} at a step

179.

[6342] The plug 178 may comprise a plurality of supports 178 separated by respective pivot
portions 188. The supports 178 may comprise walls and the pivot portions 188 may comprise
creases between the walls. The supports 178 may be coupled to the ocuter shaft 173 of the

introducer 174 in a similar manner as the supports 88 of the plug 78 in FIGS. 1-13B.

13143} The iniroducer 174 and plug 170 may be positioned within the humen of the sheath 172
1 an insertion configuration, for insertion together into the patient’s vasculature. The plug 17¢
and introducer 174 may be n an insertion position within the sheath 172, The plug 170 may
be flattened, or tn an unexpanded configyration or undeployed configuration. The plug 178

may be in the first position.

[3144] FIG. 15A dhustrates the system in the advanced configuration. The introducer 174 and
plug 170 mayv move to an advanced position, distal of the distal end 176 of the sheath 172 in a
similar manner as discussed in regard to the embodiments of FIGS. 1-13B. The plug 178 15
positioned exterior of the lumen of the sheath 172, The plag 170 remains in the first position,

and 1s flattened or in an undeployed or unexpanded configuration.

[6145] FIG. 15B illustrates the plug 170 i the second position, or in an cxpanded
configuration, or deploved configuration. The plug 170 has compressed such that the supports
178, in the form of walls, bend to increase the diameter of the plug 17¢. The supports 178 bend
to move the plug 176 from the first position to the second position. The supports 178 extend
radially outward from the mtroducer 174, The extension of the supports 178 outward from the
mtroducer 174 increases the diameter of the plug 170 to be greater than the interior diameter

of the sheath 172, The plug 178 may be activated from the first posttion to the second position
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by the force of the thicker portion 177 or step 179 against the plug 176, in a similar manner as
discussed in regard to the embodiments of FIGS. 1-13B. The phig 178 in the second posttion
has a length that is less than the length of the sheath 172.

[3146] FIG. 15C iHustrates the plug 170 retracted or withdrawn through the sheath 172, The
plug 170 mayv be pulied through the sheath 172 in a similar manner as discussed in regard to
FIGS. 1-138. The plug 176, when pulled through the sheath 172 serves to expand the sheath
172 in a similar mannver as discussed i1n regard to FIGS. 1-13B. A transient expansion may

result, as discussed m regard to the embodiments of FIGS. 1-13B.

13147} FIGS. 16A, B, and C, dlustrate an embodiment of a system 1n which the plag 182
comprises a self-expanding structure. The system mcludes a sheath 184 and an introducer 186
The sheath 184 may be configured similarly as the sheath 12 in the embodiments of FIGS. 1-
138. The plug 182 may comprise an expandable portion of the mtroducer 186 that is coupled
to the mtroducer 186. The svstem may also include a control housing positioned at a proximal
end of the system and may include a sheath hoasing and an miroducer housing in a similar

manner as discussed n regard to FIGS. 1-13B.

[33148] FIG. 16A illustrates a close-up view of the distal end 188 of the sheath 184, with a
portion cut-away. The introducer 186 may include an inner shaft 198 and an outer shaft 192
i a similar manvoer as discussed in regard to FIGS. 1-13B. The mner shaft 190 may include
an internal channel 191, similar to the channel 116 of the introducer 14, for receiving a guide
wire. The plog 182 may be integral with the outer shaft 192, The mtroducer 186 may include
a thicker portion 194 coupled to the thinner portion (represented by inner shaft 194 at a step
196

1033149} The plug 182 may comprises a plurabity of supports 198 slidably disposed along the
mner shaft 190. The supports 198 may comprise arms and may be made of a self-expanding
material such as mitinol. The selt~expanding material may be configured to automatically
expand upon being moved exterior of the lumen of the sheath 184, Nitinol, for example, may
respond to the patient’s body heat to transform into an expanded configuration upon being
moved exterior of the lumen of the sheath 184, The supports 198 may be coupled to the outer
shaft 192 of the introducer 186 in a similar manner as the supports 80 of the plug 78 mn FIGS.

1-13B.

16138} The introducer 186 and plug 182 may be positioned within the lumen of the sheath 184

i an insertion configuration, for insertion together into the patient’s vasculature. The plug 182
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and ntroducer 186 may be m an inserfion position within the sheath 184, The plug 182 may
be flattencd, or tn an unexpanded configuration or undeployed configuration. The plug 182

may be in the first position.

[3151] FIG. 16A dlustrates the system in the advanced configuration. The introducer 186 and
plug 182 may be moved to an advanced position distal of the distal end 188 of the sheath 184
0 a similar manner as discussed in regard to the embodiments of FIGS. 1-138. The plug 182
18 positioned exterior of the lumen of the sheath 184, The plug 182 remains i the first position,

and 1s flattened or in an undeployed or unexpanded configuration.

[B152] FIG. 168 illustrates the plug 182 m the second position, or in an expanded
configaration, or deploved configuration. The supports 198 of the plug 182 have self-expanded
to a larger configuration outward from the mtroducer 186 to increase the diameter of the plug
182 1o be greater than the mtenor diameter of the sheath 184, The supports 198 extend radially
outward from the introducer 186. The supports 198 bend to move the plug 182 from the first
position to the second position. The plug 182 1 the second position has a length that 15 less
than the length of the sheath 184, The plug 182 may be activated from the first position to the
second posttion by being moved exterior of the lumen of the sheath 184, and the plug 182 may

self-expand to the second position.

{6153} FIG. 16C illustrates the plug 182 retracted or withdrawn through the sheath 184, The
plug 182 mayv be pulled through the sheath 184 in a similar manner as discussed in regard to
FIGS. 1-13B. The plug 182, when pulled through the sheath 184 serves to expand the sheath
184 in a sinular manner as discussed in regard to FIGS. 1-13B. A transient expansion may

result, as discussed in regard to the embodiments of FIGS. 1-13B.

10154] FIG. 19 illustrates a method that may utilize the systems and apparatuses disclosed
herein. The method may comprise a method of pre~conditioning a sheath for mtroduction of a
delivery apparatus therethrough. The method may first include a step 200 of mserting a guide
wire into a patient’s vasculature. The step may include accessing the patient’s vasculature and
passing the guide wire therein until reaching the desired position within the patient’s body.
The method may then include a step 202 of mserting an mtroducer and a sheath into the
patient’s vasculature over the guide wire. The mtroducer and sheath may be configured as the
embodiments of the introducers and sheaths disclosed heremn. The sheath mav extend around
the introducer and may have a distal end and a proximal end and may have a lumen, and may

he configured to expand in a direction radiaily outward trom the lumen. The introducer may
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be posttioned within the lumen of the sheath upon mtroduction, as disclosed herein. The sheath
and introdacer may be m an nserfion configuration, with the introducer and plug, or
expandable portion of the introducer, in an insertion position within the lumen of the sheath.
The plug, or expandable portion of the introducer, may be flattened or 1 an unexpanded or
undeployed configuration within the humen of the sheath upon msertion into the patient’s

vasculature.

[6155] The method may include a step 284 of activating the plug, or expandable portion of the
mtroducer, positioned within the patient’s vasculatere to move from a first position i which
the plug has a first diameter to a second position in which the plug has a second diameter that
1s greater than an interior diameter of the sheath. The step of activating may include any of the
methods disclosed herein, including advancing the plug, or expandable portion of the
introducer, bevond the distal end of the sheath and pressing against the phug, mflating the plug,
or simplv extending the plug bevond the distal end of the sheath in a self-expanding
embodiment {c.g., an embodiment using nitinol or the like), including other methods of

activation.

[3156] The method may include a step 206 of shiding the plug, or the expandable portion of the
wntroducer, through the lumen of the sheath 1n a direction from the distal end of the sheath
towards the proximal end of the sheath to expand the sheath in the direction radially cutward
from the lumen. The plug, or expandable portion of the troducer, is in the second position
with a diameter greater than the interior diameter of the sheath. The expansion of the sheath

may comprise a transient expansion, as disclosed herem.

[3157] Additional steps may include introducing a delivery apparatus through the pre-

expanded sheath, in a manner disclosed herein.

{0158} The steps of the method may be modified, excluded, or added to, with systems,
apparatuses, and methods disclosed herein. Methods are not limited to the method described

in regard 1o FIG. 19, and may also include any other means or methods disclosed herein.

[3159] The embodiments of systems, apparatuses, and methods disclosed bercin may be
modified or combined as desired. The sheaths disclosed herein may have a variety of shapes,
including a cylindrical cross section, rectangular cross section, or other shape, for example a
hexagonal cross section or other shape. The introducers disclosed herein may have a variety
of shapes with a different structure than disclosed herein. The means for activating the plug

may be varied, for example the configuration of locks in the introducer housing may be varied
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or a ditferent apparatus for activating the plug may be used. The configuration of the housings

disclosed herein may be varied, or may be excluded in certain embodiments.

31608} Any of the systems, apparatuses, and methods disclosed herein may be modified to
utilize self-expanding materials or structures, such as nitinol. For example, the plug 78
described in regard to FIGS. 1-13B may be modified to be self-expanding, and utilize a

material such as nitinol.

(0161} The materials used n the sheaths and introducers and plugs disclosed herein may be
varied as desired.  The tniroducers mav be made of HDPE or LDPE or other materials as
desired. The plugs, or expandable portions of the mmtroducers, may be made of nvlon, HDPE,

a shape memory material (such as nitinol}, ABS, PEBAX or arethane, or other materials.

{0162} The sizes of the sheaths utilized may be varied as desired. In one embodiment a 14-F
sheath, with a 5.9 nullimeter outer diameter may be utilized. In other embodiments, a lesser or
greater outer diameter may be utilized. A 16-F, 18-F, or 20-F size sheath, or other size sheath
may be utilized as desired. In ong embodiment, a sheath having a length of 36 centimeters, or

a lesser or greater length may be utilized.

10163] The features of the sheaths may be mplemented independently of the introducers,
which may also be implemented independently of the plugs. The various apparatuses of the

system may be implemented mdependently.

(6164} In closing, it is to be understood that although aspects of the present specification are
highlighted by referring to specific embodiments, one skilled 1 the art will readily appreciate
that these disclosed embodiments are only illustrative of the principles of the sabject matter
disclosed herein. Therefore. it should be understood that the disclosed subject matter is in no
way himited to a particular methodology, protocol, and/or reagent, ctc., described hercin. As
such, varous modifications or changes to or altermative configurations of the disclosed subject
matter can be made in accordance with the teachings herein without departing from the spirit
of the present specification. Lastly, the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to linit the scope of systems, apparatuses,
and methods as disclosed herein, which is defined solely by the claims. Accordingly, the

systems, apparatuses, and methods are not limited to that precisely as shown and described.

16165} Certain emboduments of systems, apparatuses, and methods are described herem,
including the best mode known to the inventors for carryving out the same. Of course, variations

on these described embodiments will become apparent to those of ordinary skill in the art upon
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reading the foregoing description. The inventor expects skilled artisans to employ such
variations as appropriate, and the mventors intend for the systems, apparatuses, and methods
to be practiced otherwise than specifically descrnibed herein.  Accordingly, the systoms,
apparatuses, and methods include all modifications and cquivalents of the subject matter recited
in the claims appended hereto as permitted by apphicable law. Mgoreover, any combination of
the above-described embodiments in all possible variations thereof is encompassed by the
systems, apparatuses, and methods unless otherwise mdicated herein or otherwise clearly

contradicted by context.

[8166] Groupings of alternative embodiments, elements, or steps of the systems, apparatuses,
and methods are not to be construed as hmitations. Each group member may be referred to
and claimed individually or in any combination with other group members disclosed herein. It
ig anticipated that one or more members of a group may be included in, or deleted from, a group
for reasons of convenience and/or patentability. When any such inclusion or deletion occurs,
the specification is decmed to contain the group as modified thus fulfilling the written

description of all Markush groups used in the appended claims,

[3167] Unless otherwise indicated, all numbers expressing a characteristic, tem, quantity,
parameter, property, term, and so forth used m the present specification and claims are to be
understood as being modified in all instances by the term “about.” As used herein, the term
“about” means that the characieristic, ifom, quantity, parameter, property, or term so qualified
encompasses an approximation that mayv varv, vet 1s capable of performing the desired

operation or process discussed herein.

[3168] The terms “a” “an,” “the” and similar referents used in the context of descrbing the
systeras, apparatuses, and methods (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, anless otherwise mmdicated herein or clearly
contradicted by comtext. All methods described herein can be performed in anv suitable order
unless otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language {¢.g., “sach as”) provided herein is intended merely
to better tHuminate the systems, apparatuses, and methods and does not pose a limitation on
the scope of the systems, apparatuses, and methods otherwise claimed. No language i the
present specification should be construed as mdicating any non-claimed clement essential to

the practice of the systems, apparatuses, and methods,
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[6169] All patents, patent publications, and other publications referenced and identified in the
present specification are mdividually and expressly meorporated herein by refercnee in their
entirety for the purpose of describing and disclosing, for example, the compositions and
methodologies described in such publications that might be used in connection with the
systems, apparatases, and methods. These publications are provided solely for their disclosure
prior to the filing date of the present application. Nothing in this regard should be construed
as an admission that the mventors are not entitled to antedate such disclosure by virtue of prior
mvention or for any other reason. Al statements as to the date or representation as to the
contents of these documents is based on the information available to the apphicants and does

not constitute any admission as to the correctness of the dates or contents of these documents.
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CLAIMS
WHATIS CLAIMED 15

1. A system for intreducing a delivery apparatus into a patient’s vasculature, the system
comprising:

a sheath having a distal end, a proximal end, an intenor diameter, a fumen, and a length
extending from the distal end to the proximal end, the sheath being configured to be inserted
into the patient’s vasculature and to expand in a direction radially outward from the humen;

an introducer having a channel for recciving a guide wire and being configured to be
positioned within the fumen of the sheath; and

a plug coupled to the introducer and configured to move from a first position in which
the plug has a first diameter 1o a second position in which the plug has a second diameter that
is greater than the first diameter and greater than the interior diameter of the sheath, the plug
in the first position being configured to fit within the lumen, and the plug in the second position
having a length that i3 less than the length of the sheath and being configured to slide within
the lumen i a direction from the distal end of the sheath towards the proximal end of the sheath

to expand the sheath in the direction radially outward from the lumen.

2. The system of claim 1, wherein the sheath is elastic and biased in a direction radially towards

the fumen.

3. The system of claim 1 or claim 2, wherein the sheath includes an inner tubing wall that s

folded upon itself,

4. The system of any of claimgs 1--3, wheremn the mtroducer has a distal end and a proxamal end
and a length extending from the distal end to the proximal end, the length of the introducer

being greater than the length of the sheath.

5. The system of anv of claims 14, wherein the distal end of the sheath includes an opening

configured for the introducer and the plug to pass therethrough.

6. The system of claim 3, wherein the plug is positioned on the mtroducer such that the plug
moves from the first position to the second position at a position distal to the opening of the

sheath when the imtroducer is positioned within the lumen.
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7. The system of claim 5 or claim 6, wherein the plug is coupled to the introducer such that
withdrawal of the introducer through the Jumen in the direction from the distal end of the sheath
towards the proximal end of the sheath causes the plug i the second position to enter the
opening of the sheath and slide within the lumen to transiently expand the sheath in the

direction radially outward from the lumen.

8. The svstem of anvy of claims 1-7, wherein the plug in the second position extends radially

outward from the introducer.

0. The system of any of claims 1-8, wheren the plug includes a plurality of supports that are

configared to bend to move the plag from the first position to the second position.

10. The system of any of claims 1-9, wherein the plug includes a plurality of supports, cach
of the plurality of supports including a proximal support and a distal support configured such

that the proximal support overlaps the distal support when the plug is in the second position.

11. The svstem of claim 19, wherein the plurality of supports include slats that are separated

12. The system of any of claims 1-9, wherein the plug comprises a bellows structure.

13, The system of any of claims 112, wherem the introducer includes an outer shaft and an

inner shafi, and the plug is integral with the outer shafi.

14. The system of claim 13, further comprising an mitroducer housing positioned at a proximal

end of the introducer.

15. The system of claim 14, wherein the mitroducer housing includes an outer shaft housing
coupled to the outer shaft, and an inmer shaft housing coupled to the inner shaft, and the outer

shaft housing is configured to move relative to the inner shaft bousing.

16. The system of claim 15, wherein the outer shaft housing is configured to move relative 1o
the inner shaft housing to cause the plug to move from the first position to the second position.
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17. The system of claim 15 or claim 16, wherein the outer shaft housing and the inner shaft
housing are both configured to slide within an inferior chamber of the introducer housing, and
the outer shaft housimg is configured fo rotate within the mtroducer housing to lock the outer

shaft housing to a lock of the introeducer housing.

18. The system of any of claims 13-17, wherein the introducer includes a tip that is coupled

1o the ner shafl.

19. The system of any of claims 118, wheren the introducer includes a step, and the plug s
configured such that a force apphed by the step to the plug causes the plug to move from the
first position to the second posttion.

s

20. The svstem of any of claims 1-8, wherein the plug includes an mflatable body.

21, The system of claim 20, further comprising a fhad port for passing fluid to the inflatable

body.

22. The system of any of claims 1-21, wherein the plug has a conical shape in the second

position.

23. The system of any of claims 1-22, wherein the plug is seif-expanding.

24 A system for introducing a delivery apparatus info a patient’s vasculature, the system
comprising:

a sheath having a distal end, a proximal end, an interior diameter, a lumen, and a length
extending from the distal end to the proximal end, the sheath being configured to be inserted
into the patient’s vasculature and to expand in a direction radially outward from the lumen;

an introducer having a channel for receiving a guide wire and being configured to be
positioned within the lumen of the sheath, the introducer having an expandable portion
including a plurality of supports, the expandable portion configured to move from a first
position i which the plurality of supports are flattened and have a first diameter to a second
position in which the plurality of supporis extend radially outward from the mitroducer and
have a second diameter that is larger than the first diameter and the interior diameter of the
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sheath, the expandable portion being configured to slide within the lumen i the second position

to expand the sheath in the dircction radially outward from the lamen.

25, The system of claim 24, wherein the sheath is elastic and biased in a direction radially

towards the lumen.

26. The systera of claim 24 or claim 25, wherein the sheath mcludes an inner tubing wall that

i3 folded upon itself.

27. 'The system of any of claims 24-26, wherein the introducer has a distal end and a proximal
end and a length extending from the distal end to the proximal end, and the length of the

wntroducer is greater than the length of the sheath.

28. The svstem of anv of claims 24-27, wherem the distal end of the sheath includes an opening

configured for the expandable portion to pass therethrough.

29. The system of claim 28, wherein the expandable portion is positioned on the introducer
such that the expandable portion moves from the first position to the second position cxterior

of the sheath when the introdocer is positioned within the lumen.

30. The system of claim 2% or claim 29, wherein the expandable portion is positioned on the
introducer such that withdrawal of the introducer through the lumen m the direction from the
distal end of the sheath towards the proximal end of the sheath causes the expandable portion
in the second position {o enter the opening of the sheath and shide within the lumen to

transiently expand the sheath in the direction radially outward from the lumen.

31, The system of any of claims 24-30, wherein the plurality of supports are configured to

bend to move the plurality of supports from the first position to the second position.

32, The svstem of any of claims 24-31, wherein each of the phurality of supports includes a
proximal support and a distal support configured such that the proximal support overlaps the

distal support when the expandable portion is in the second position.

33. The system of claim 32, wheremn the plurality of supports include slats that are separated
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by slits.

34, The system of any of claims 24-31, wherein the expandable portion comprises a bellows

structure.

35. The system of any of claims 24-34, wherein the introducer includes an inner shaft and an

outer shaft, and the expandable portion is integral with the outer shaft.

36. The system of claim 35, further comprising an miroducer housing positioned at a proximal

end of the mtroducer.

37. The system of claim 36, wherein the introducer housing inchides an outer shaft housing
coupled to the cuter shaft, and an inoer shaft housing coupled to the mner shaft, and the cuter

shaft housing 1s configured to move relative to the inner shaft housing.

38. The system of claim 37, wherein the outer shaft housing s configured to move relative to
the inner shaft housing to cause the expandable portion fo move from the first position to the

second position.

39. The system of claim 37 or claim 38, wherein the outer shaft housing and the imner shaft
housing are both configured to slide within an interior chamber of the introducer housing, and
the outer shaft housing s configured to rotate within the introducer housing to lock the outer

shaft housing to a lock of the intreducer housing.

40, The system of any of claims 35-39, wherein the mtroducer mncludes a tip that 1s coupled

{0 the inner shaft.

41. The system of anv of claims 24-40, whercin the introducer includes a step, and the
expandable portion is configured such that a force applied by the step to the expandable portion

causes the expandable portion to move from the first position to the second position.

42, The system of any of claims 2441, wherein the expandable portion has a conical shape in

the second position.
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43. The system of any of claims 24-42, wherein the expandable portion is self-expanding.

44. A method comprising:

mserting a guide wire mio a patient’s vasculature;

inserting an introducer and a sheath into the patient’s vasculature over the guide wirg,
the sheath extending arcund the introducer and having a distal end and a proximal cnd and
having a lumen, and being configured to expand in a divection radially outward from the lumen;

activating a plug positioned n the patient’s vasculature to move from a first position in
which the plug has a first diameter to a second position in which the plug has a second diameter
that is greater than an interior diameter of the sheath: and

shding the plug in the second position through the lumen of the sheath v a direction
from the distal end of the sheath towards the proximal end of the sheath to expand the sheath

in the direction radially outward from the lumen.

45. The method of claim 44, wherein the sheath is elastic and biased 1n a direction radially

towards the lumen.

46. The method of claim 44 or claim 45, wherein the sheath includes an inner tubing wall that

is folded upon itsclf.

47. The method of any of claims 4446, wherein the introducer has a distal end and a proximal
end and a length extending from the distal end to the proximal end, the length of the mtroducer

being greater than a length of the sheath.

48. The method of any of claims 44-47, wherein the distal end of the sheath includes an

opeming configured for the introducer and the plug to pass therethrough.

49. The method of any of claims 4448, wherein the step of activating the plug includes

advancing the plug distally out of the lumen.

50. The method of any of claims 44-49, wherein the plug moves from the first position o the

sccond position exterior of the lumen.

51. The method of any of claims 4430, wherein the expansion of the sheath m the direction
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radially outward from the lumen comprises a transient expansion.

52. The method of any of claimas 44-51, wheremn the plug in the sccond position extends

radially outward from the introducer.

53, The method of any of claimg 4432, wherein the phig includes a phurality of supports that

are configured to bend to move the plug from the first position to the sccond position.

54. The method of any of claims 44--33, wherein the plug mcludes a plurality of supports, each
of the plurality of supports inchiding a proximal support and a distal support configured such

that the proximal support overlaps the distal support when the plug is in the second position.

55. The method of claim 34, wherein the plurality of supports include slats that are separated

by slits.

56. The method of anv of claims 44-33, wherein the plug comprises a bellows structure.

57. The method of any of claims 44-56, wherein the mtroducer includes an outer shaft and an

inner shaft, and the plug is integral with the cuter shaft.

58. The method of claim 57, further comprising an introducer housing positioned at a proximal

end of the wtroducer.

59. The method of claim 58, wherein the mtroducer housing imchudes an outer shaft housing
coupled to the outer shaft, and an mner shaft housing coupled to the inner shaft, and the outer

shaft housing 1s configured to move relative to the inner shaft housing,.

60. The method of claim 39, wherein the step of activating the plug includes moving the outer
shaft housing relative to the mner shaft housing to cause the plug to move from the first position

to the second posttion.

61. The method of claim 59 or claim 60, wherein the outer shaft housing and the inner shaft
housing are both configured 1o slide within an inferior chamber of the introducer housing, and
the outer shaft housimg is configured to rotate within the introducer housing to lock the outer
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shaft housing to a lock of the introducer housing.

62. The method of any of claims 57-61, wherein the introducer includes a tip that is coupled

to the mner shaft,

63, The method of any of claims 4462, wherein the introducer includes a step, and the step
of activating the plug includes applying a force with the step to the plug to cause the plug to
move from the first position to the second position.

64. The method of any of claims 44-52, wheremn the plug includes an inflatable body.

65. The method of claim 64, wherem the step of activating the plug includes inflating the plug.

66. The method of claim 64 or claim 65, further comprising a tluid port for passing fluid to

the inflatable body.

67. The method of any of claims 44-66, wherein the plug has a conical shape in the second

position.

6%, The method of any of claimg 4467, wherein the phig is self-expanding.
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FIG. 9
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FIG. 10A
FIG. 10B
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FiG. 13B

FIG. 13A
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INSERTING A GUIDE WIRE INTO APATIENT'S VASCULATURE 200

i

INSERTING AN INTRODUCER AND A SHEATHINTO THE PATIENT'S P,
VASCULATURE OVER THE GUIDE WIRE
ACTIVATING A PLUG POSITIONED IN THE PATIENT'S VASCULATURE TO
MOVE FROM A FIRST POSITION IN WHICH THE PLUG HAS AHRST DIAMETER 204

TO A SECOND POSITION IN WHICH THE PLUG HAS A SECOND DIAMETER
THAT IS GREATER THAN AN INTERIOR DIAMETER OF THE SHEATH

é

SLIDING THE PLUG IN THE SECOND POSITION THROUGH THE LUMEN OF

THE SHEATH INADIRECTION FROM THE DISTALEND OF THE SHEATH 206
TOWARDS THE PROXIMAL END OF THE SHEATH TO EXPAND THE

SHEATH IN THE DIRECTION RADIALLY OUTWARD FROM THE LUMEN

FIG. 19
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