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INTRAVASCULAR INTRODUCER DEVICES

FIELD
[6001] This application is related to devices for introducing a catheter or other device

into a patient’s vasculature, such as for delivering a medical device into the body.

BACKGROUND
[6092] A conventional method of introducing a transcatheter prosthetic heart valve
mto a patient’s vasculature and toward the heart includes using a conventional introducer
device to create an access port through the skin to a vein, and using a separate Ioader
device to load a delivery catheter, with a crimped prosthetic heart valve mounted thereon,
into and through the introducer device into the vasculature. The loader device typically
covers the crimped heart valve with a sheath to protect it while the delivery catheter is
passed through hemostatic seals in the introducer device. Covering the crimped prosthetic
heart valve can reduce the risk of the crimped prosthetic heart valve migrating relative to
the delivery catheter and can reduce the risk of the crimped prosthetic heart valve being

damaged when it passes through the seals of the introducer device.

SUMMARY
{6003] Disclosed herein are embodiments of introducer devices that provide
hemostatic sealing and allow a delivery catheter to be inserted into and retrieved from a
patient’s vasculature. A delivery catheter can be passed through the device’s seals without
the use of a separate loader device that covers a medical device, such as a crimped

prosthetic heart valve, that is mounted on the delivery catheter.

[0004] An aspect of the present invention provides a device for introducing a catheter
into a patient’s vasculature, the device comprising a housing, a distal sheath extending
distally from the housing and adapted to be inserted into a patient’s vasculature with the
housing positioned outside of the patient’s vasculature, a distal hemostatic seal mounted
within the housing, a proximal hemostatic seal mounted within the housing at a location
proximal to the distal hemostatic seal, and a shuttle or tube positioned within the housing
that 1s movable longitudinally relative to the distal hemostatic seal and the housing
between a proximal position and a distal position, wherein in the proximal position a distal

end of the tube is positioned proximal to
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the distal hemostatic seal with the distal hemostatic seal closed, and wherein in the distal
position the distal end of the tube extends through the distal hemostatic seal, and wherein a
proximal end of the tube, or an end of another tube of the device, is movable
longitudinally relative to the proximal hemostatic seal between a first position within the

proximal hemostatic seal and a second position not within the proximal hemostatic seal.

[0005] In some embodiments, when the tube is in the distal posttion, a proximal end of
the tube is positioned distal to the proximal hemostatic seal and the proximal hemostatic
seal is closed, and when the tube is in the proximal position, the proximal end of the tube

extends through the proximal hemostatic seal.

[0606] in other embodiments, the mntroducer includes a second tube, such as a fixed
part of the housing, and the proximal hemostatic seal is movable longitadinally relative to
a proximal end of the second tube between a distal position wherein the second tube
extends through the proximal hemostatic seal and a proximal position wherein the
proximal hemostatic seal is closed and positioned proximal to the second tube. In such
embodiments, the housing can comprise a main housing and a proximal end portion that
are movable longitudinally relative to each other, and the proximal hemostatic seal is
mounted within the proximal end portion while the second tube is part of the main

housing.

[6007] The tube that opens the distal seal can be part of a shuttle that is slidable
relative to the housing and the distal seal. The shuttle can alse include an actuator that
extends radially through the housing and forms a handle or grip on the outside for a user to
manipulate. In some embodiments, the shuttle actuator can slide along a slot in the
housing, and the slot can be configured to allow the shuttle to be locking in the distal or

proximal position by twisting the shuttle actuator relative to the housing.

[0008] When the proximal seal is opened, a delivery catheter can be inserted through a
proximal port in the device and into the tube between the seals without the delivery
catheter contacting the proximal seal. Then, the tube can be moved to the distal position to
allow the delivery catheter to be advanced distally from the tube into the distal sheath
without contacting the distal hemostatic seal. After the medical device carried on the
delivery catheter is advanced through the introducer, the seals can hemostatically seal

around the proximal portions of the catheter while a procedure occurs.

[006%] In some embodiments, the process can be generally reversed to allow the

delivery catheter with a medical device still mounted thereon to be retrieved back



WO 2015/168006 PCT/US2015/027764

S5

proximally out of the body through the introducer without the seals of the introducer
damaging or dislodging the medical device as is passed through the introducer. The seals
are consequently also protected from being damaged by the medical device mounted on
the catheter. Because the delivery system and the seals are protected from damage by the
wibe or tubes during retrieval, the same delivery system can subsequently be re-introduced

- into the body vsing the same introducer, with minimized risk of malfunction.

[0016] I'n some emhodiments, the distal and/or proximal seal can comprise a narrow
guidewire passageway adapted to hemostatically seal around a guidewire extending
through the seal, and can comprise a flap or flaps covering the gnidewire passageway and

adapted to hemostatically seal when nothing is extending through the seal,

[00311]  The foregoing and other objects, features, and advantages of the disclosed
technology will become more apparent from the following detailed description, which

proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[6012] FIG. 1 is a side view of an exemplary iniroducer device.
f0013] FiG. 2 is a perspective view of the device of FIG. 1.

fo014] FIG. 3 is a side view of a proximal portion of the device of FIG. 1, with a

shuttle in a distal position and an end hub in a proximal position.
[0615] FIG. 4 is a cross-sectional view of FIG. 3.

[0016] FIG. 5 15 a cross-sectional view of the proximal portion of the device of FIG. 1,

with the shuttle in a proximal position and the end hub in the proximal position.

[G0E7] FIG. 615 a cross-sectional view of the proximal portion of the device of FIG. 1,

with the shutile in the proximal position and the end hub in a distal position.

{0018} FIGr. 7 is a cross-sectional view of another exemplary introducer device with a

delivery catheter inserted into the introducer device.
[0019] FIG. 8 is a cross-sectional view of another exemplary introdocer device.

{0020] FIG. 9 is & cross-sectional view of another exemplary introduocer device.
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[6021] FIGS. 10A-10F are views of an exemplary hemostatic seal for an introducer
device.

[6022] FIGS. 11A-11G are views of another exemplary hemostatic seal for an

introducer device.

f0023] FIG. 12 is a side view of another exemplary introducer device.

[0024] FIG. 13 is a cross-sectional view of the device of FIG. 12, showing the device’s
shuttle in a neutral position and a delivery catheter ready to be inserted.

10025} FIG. 14 is a cross-sectional view of the device of FIG. 12, showing the device's
shuttle in a proximal position and the delivery catheter partially inserted into the device.

[00263 FIG. 15 is a cross-sectional view of the device of FIG. 12, with the device’s

shuitle in a distal position and the delivery catheter extending through the device.

16027 FIG. 16 is a side view of another exemplary introducer device having
Jongitudinally split components.

[0028] FIGS. 17-19 show longitudinally split components of the device of FIG. 16,
(0629 Fi(s. 20 is a stde view of another exemplary embodiment of an introducer
device, with a telescoping proximal body.

(00303 FIG. 21 is a side view of the device shown in FIG. 20, with the proximal body
separated into two sections.

[6031] FIG. 22 is a side view of the device shown in FIG. 20, with the proximal body

assembled and in an elongated configuration.

[8632] Fi(3. 23 is a side view of the embodiment of FIG. 20, with the proximal body in

a shortened configuration.

[G33] FIG. 24 is a side view of another exemplary embodiment of an infroducer

device, in an elongated configuration.
[0034] FIG. 25 is a side view of the device of FIG. 24, in a shortened configuration.

[0035] FIG. 26 is a perspective view of another exemplary embodiment of an

mtroducer device,
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[6036] FIG. 27 is a side view of a shuitle portion of the device of FIG. 26.

10037] FIG. 28 is a cross-sectional view of the device of FIG. 26, with a delivery

catheter ready to be inserted.

[0038] FIG. 29 is a cross-sectional view of the device of FIG. 26, with a proximal seal

opened and the delivery catheter inserted through the proximal seal.

{0039] FIG. 30 is a cross-sectional view of the device of FIG. 26, with the proximal

seal closed and a distal seal open, with the delivery catheter extending through the device.

[6640]  PIG. 31 is a perspective view of another exemplary embodiment of an

introducer device that inciudes a hinge mechanism.

[0041] FIG. 32 is a side view of the device shown in FIG. 31, with the device in an

elongated configuration.

[0042] FIG. 33 1is a side view of the device shown in FIG, 31, with the device ina

shortenced configuration.

DETAILED DESCRIPTION
[6043] FIGS. 1-6 show an exemplary introducer 10 that provides hemostatic sealing
and allows a delivery catheter to be inserted through the introducer and into a patient’s
vasculature without the use of a separate loader device. The introducer 10 can comprise a
distal sheath 12 that is inserted through the skin into a vessel, a tapered transition sheath
14, a housing 16, a proximal hub 18, a flush port 20, and a Iongitudinally slidable shuitle
22. The housing 16 supports a distal hemostatic seal 42, and the hub 18 supports a
proximal hemostatic seal 56 (see FIGS. 4-6). The introducer 10 can be manipulated (o
selectively open and close the seals 42, 56 10 allow a delivery catheter (not shown) to be
inserted distally through the introducer into the body and/or retracted proximally through
the introducer without damaging a device mounted onto the delivery catheter. For
exampie, a delivery catheter can inciude a crimped prosthetic heart valve, a crimped stent,
an inflatable balloon, and/or other medical devices mounted on the catheter near the distal
end of the catheter for deployment into a patient’s vasculature. Such various devices that
can be mounted on a delivery catheter are referred to herein generally as “medical

devices” and together with the delivery catheter as a “delivery system.”
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[6044]  The housing 16 can comprise a main housing 32, a distal seal housing 34,
and/or a distal sheath housing 36, as best shown in FIG. 3. As best shown in FIG. 4, the
distal seal housing 34 can be secured to the distal end of the main housing 32 via a
threaded engagement, and the distal sheath housing 36 can be secured to the distal end of
the seal housing 34 via a threaded engagement. The distal seal 42 is mounted within the
distal seal housing 34, and the distal sheath 12 and the fransition sheath 14 are secured at

their proximal ends by the distal sheath housing 36.

{06045} The main housing 32 houses the shuttle 22 such that the shuttie 22 can slide
longitudinally relative to the housing 16 between a distal position (FIGS. 1-4) and a
proximal position (FIGS. 5-0}. The shuttle 22 can comprise a longitudinal shuttle sheath
4(} that has a distal end 44 and a proximal end 48. The distal end 44 of the shottle sheath
44} is positioned proximal to the distal seal 42 when the shuttle is in the proximal position
{FIGS. 5-6) and moves through the distal seal 42 when the shuttie is in the distal position
{FIG. 4). The proximal end 48 of the shuttie sheath can slide telescopically within a larger
diameter section 50 of the main housing 32 with a sealing engagement therebetween, such
as with an O-ring type seal 49. The shuttle sheath 40 can also engage with the main
housing 32 at a more distal location, adjacent to the distal seal 42, such as with another O-
ring type seal 45, to help guide the longitudinal motion of the shuttle sheath 40 within the

main housing 32,

100461 FIG. 4 shows the shuttle 22 in the distal position with the distal end of the
sheath 40 projecting through the distal seal 42. As shown, the seal 42 separates in response
to the distal motion of the shutle sheath 40 and seals around the outer surfaces of the

distal end 44 of the shuttie sheath.

(00471 The shuttle 22 further comprises an actustor 30 (see FIG. 3) that projects
radially from the shuttle sheath 40 through a longitudinal slot 25 in the housing 16 (see
FIG. 2). The actuator 30 can be used to manually move the shuttle 22 between the distal
and proximal positions along the stot 25 in the housing 16. The actuator 30 can lock with
the housing 16 to hold the shattle 22 in the proximal position. such as by rotating and
engaging the actuator 30 into a notch 28 extending circumferentially from the siot 25, and

the actuator 30) can lock with the housing {0 hold the shuttle 22 in the distal position, such



WO 2015/168006 PCT/US2015/027764

-7

as by rotating and engaging the actuator 30 into a notch 26 extending circumferentially
from the slot 25 {see notches 26, 28 in FIGS. 2 and 3).

[6048] The proximal hub 18 is coupled to the proximal end of the housing 16 such that
the hub 18 can move longitudinally between a proximal position (FIGS. 1-5) and a distal
position (FIG. 6), relative 1o the housing 16. The hub 18 houses the proximal seal 36 and,
optionally, a secondary proximal seal 54, as shown in FIGS, 4-6. The hub 18 comprises a
proximal port 24 of the introducer, through which a delivery catheter with a medical
device mounted thereon can be inserted and removed. The hub 18 can be engaged with the
proximal end of the housing 16 via corresponding helical ridges 60 and grooves 62 such
that the hub 18 can be selectively moved between the proximal and distal positions by
rotating the hub 18 relative to the housing 16, as best shown in FIGS. 5-6. The hub 18 and
the housing 16 can also comprise inter-engaging features that hold or lock the hub in the
distal position and/or in the proximal position. Sealing features, such as (O-rings, can be

positioned between the hub 18 and housing 16.

{0049]  The housing 16 can include a proximal tube 52 that exiends proximally from
the larger diameter section 50 of the main housing 32. When the hub 18 is in the proximal
position (FIGS. 1--5), a proximal end 53 of the tube 52 is distal to the proximal seals 54,
50, which allows the proximal seals to remain closed. When the hub 18 is in the distal
position (FIG. 6). the proximal end 53 of the tube 52 extends through the proximal seals
54, 56, allowing a delivery catheter with a medical device mounted thereon to be inserted
through the proximal port 24 and into the tube 52 or to be retracted from the tube 52
through the port 24.

F0056] FIG. 6 shows the hub 18 in the distal position with the proximal end 53 of the
tube 52 projecting through the proximal seals 54, 56. As shown, the seals 54, 56 separate
and open to permit the proximal end 53 of the tube 52 to extend therethrough and seal
around the outer surfaces of the tube. As discussed in greater detail below, in the
illustrated embodiment, the distal seal 42 and the proximal seal 56 provide zero and
guidewire seals, while the proximal seal 54 provides an instrument seal, for exampie, with
the delivery catheter. Other embodiments include different combinations and/or

configurations of zero, guidewire, and instrument seals.
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[0051] During an exemplary procedure, the distal sheath 12 can be initially inserted
into the patient’s vessel, for example, over a guidewire, with the shuttle 22 in the proximal
position and the hub 18 in the proximal position, such that the distal seal 42 and the
proximal seals 54, 56 are closed to reduce blood loss as shown in FIG. 5. As discussed in
greater detail below, the distal seal 42 and proximal seal 56 seal around the guidewire,
providing hemostasis in this state. In this position, the proximal end 48 of the shuttle
sheath 40 is positioned adjacent to the distal end of the tube 52 to ereate a continuous
conduit of substantially constant diameter. The hab 18 can then be moved o the distal
position, as shown in FIG. 6, to open the proximal seals 54 and 56 and allow a delivery
catheter to be inserted through the proximal port 24, through the tube 52, and into the
shutfle sheath 4(. Once the distal portion of the delivery catheter with the medical device
mounted thereon is inserted past the proximai seals 54, 56 and into the tube 52, the hub 18
can be moved back proximally such that the proximal seals 54, 56 slide off of the tube 52
and the proximal seal 54 seals around the catheter. This configuration can allow the
catheter fo slide through the proximal seals 54, 56 as the catheter is advanced further while

the proximal seal 54 maintains a tight seal around the catheter.

[0052] With the medical device of the delivery catheter positioned within the shuttle
sheath 40, the shuttle 22 can be moved distally to its distal position (FIG. 4) such that the
distal end 44 of the shuttle sheath forces open the distal seal 42, The delivery catheter can
then be advanced distally from the shuttle sheath 40, through a distal section 46 of the
housing 16, having 4 similar diameter to the shuttle sheath 40 in the illustrated
embodiment, and through the sheaths 12, 14 into the patient’s vasculature. Once the distal
portion of the delivery catheter with the medical device mounted thereon is advanced past
the distal seal 42, the shuttle 22 can be moved back to the proximal position (FIG. 5) such
that the distal seal 42 slides off of the shuttie sheath 40, which can allow the catheter to
slide through the distal seal 42 as the catheter is advanced further and/or partially

retracted.

[0053] The shuttle sheath 40 and the proximal tube 52 can comprise a sufficient
rigidity such that they do not collapse within the seals, and instead hold the seals open to
allow passage of the medical device through the seals. The shuottle sheath 40 and tube 52

thus protect the medical device from being damaged by the seals and prevent the seals
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from snagging on the device and/or dislodging the device from the catheter. The inner
surfaces of the shuttle sheath 40 and the tube 52 can be smooth to minimize friction with

the medical device and to prevent damage 1o the device.

[6054] After a desired procedure is attempted using the delivery system within the
body, the delivery catheter is retracted proximally through the introducer 1{. In some
cases, the medical device, e.g., a prosthetic heart valve, may have been successfully
implanted 1n the heart and just the catheter is retracted. However, in other cases the
medical devicc may be retracted stilf mounted on the catheter. For example, if the native
aortic valve is heavily stenosed, a crimped prosthetic heart valve may not be able to cross
through the aortic valve as needed for implantation thereof. Instead, the catheter and
crimped valve can be retracted back into the introducer 1§} and removed from the patient’s
body.

[0055] In such cases, the shuttle sheath 40 can be advanced distally through the distal
seal 42 and the medical device can be guided back into the distal end 44 of the shuttle
sheath 40). The shuttle 22 and the medical device can then be retracted back through the
distal seal 42, into the housing 16 of the introducer 10, The distal seal 42 can continue 10
seal around the guidewire in this state. The proximal seals 54, 36 can then be opened by
moving the hub 18 to the distal position, which permits the delivery catheter with medical
device to be removed from the introducer 10 through the proximal port 24. In this way, the
medical device can be retrieved back out of the body in a re-usable state since the

introducer 10 eliminates or reduces the risk of damage to the medical device by the seals.

{0056] As the delivery catheter is retrieved, the introducer 10 can remain in the patient
with the distal seal 42 maintaining hemostasis. In order to treat the aortic vaive stenosis,
for example, a balloon valvuloplasty procedure, or other procedure, can then be performed
using the same introducer 10. After the aortic valve is treated, the same delivery catheter
and medical device that was retrieved, or a new delivery system, can be re-iniroduced

using the same introducer 10.

{0657] FIG. 7 shows another exemplary introducer 100 that functions similarly to the
introducer 10. The introducer 100 can comprise a housing 116 that comprises 4 main
housing 126, a distal seal housing 134, and/or a distal sheath housing 136. A shuttle 122 s

slidably mounted within the housing 116 and comprises a shuttle sheath 140 and actuator
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130 that extends radially through a slot 128 in the housing 116. A distal seal 142 is housed
within the distal seal housing 134, and a distal sheath 116 can be secured by the distal
sheath housing 136. A proximat hub 118 can be secured to the proximal end of the
housing 116 and can retain a proximal seal 154 adjacent to the proximal port 124 of the

introducer 100,

[6058] Similar to as described above with reference to the introducer 10, the
introducer 100 can allow a delivery system 1o be infroduced into a patient’s vasculature
without using a protective loader device, and the introducer 100 can further allow the
delivery system to be retrieved back out of the patient’s body through the ineroducer

without damage so that it can be reused.

[6059] To load a delivery systemt 102 into the introducer 100, the shuttle 122 is moved
proximally so that a proximal end 148 of the shuttle sheath 140 pushes through and opens
the proximal seal 154, as shown. After the medical device 106 is inserted through the
proximal port 124 into the shuttle sheath 140, although not shown, the shuttle 122 can be
moved distally such that the proximal seal 154 seals around the catheter 104 and the distal
end 144 of the shuttie sheath 140 pushes open the distal seal 142. The delivery system 102
can then be advanced out of the distal end 144 of the shutte sheath, through the distal
sheath 110 and into the patient’s body. The shuttle can then be moved to a nentral position
such that both seals 142, 154 are free of the shuttle sheath 140, with the proximal seal 154
sealing around the catheter 104 during the procedure. The process can then be reversed (o
retrieve the delivery system back out of the patient’s body, as described with the
introducer 10. An alternative embodiment of the introducer 100 inctudes a distal
instrument seal, which permits the shuttle 122 to be moved back to the proximal position

with the proximal seal 154 remaining open during the subsequent procedure.

[6660] FIG. 8 shows another exemplary introducer 200 that functions similarly to the
introducer 10. The introducer 200 can comprise a main housing 216, a distal seal housing
234, and a distal sheath housing 236. A shutile 222 is slidably mounted within the main
housing 216 and comprises a shuttle sheath 240 and an actuator 223 that extends radially
through a slot 225 in the housing. A distal seal 242 can be housed within the distal seal
housing 234 and distal sheaths 212, 214 can be secured by the distal sheath housing 236,
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A proximal hub 218 can be mounted to the proximal end of the main housing 216 and can

retain a proximal seal 254 adjacent to the proximal port 224 of the introducer 200.

[0061] Similar to the embodiment described above with reference to the introducer 14,
the introducer 200 can allow a delivery system to be introduced into a patient’s
vasculature without using a protective loader device, and the introducer 200 can further
allow the delivery system to be retrieved back out of the patient’s body through the

introducer without damage so that it can be reused.

[0062] To joad a delivery system into the introducer 200, the hub 218 is moved
distally, such as by rotating the hub 218 relative to the main housing 216 about the
respective helical threads 260, 262 so that a proximal end of a proximal tube 252 of the
main housing pushes through and opens the proximal seal 254. The shuttle 222 can also be
moved proximally toward the tube 252, After a medical device of the delivery system is
inserted through the proximal port 224, through the proximal tube 252, and into the shuttle
sheath 240, the hub 218 can be moved back proximally such that the proximal seal 254
moves off of the tube 252 and seals around a delivery catheter of the delivery system. The
shuttle 222 can then be moved distally such that the distal end 244 of the shuttle sheath
240) pushes open the distal seal 242, The delivery system can then be advanced out of the
distal end 244 of the shuttle sheath, through a distal chamber 246, through the distal
sheaths 212, 214, and into the patient’s body. The shuttle 222 can then be moved to the
proximal position such that both seals 242, 254 can seal around the catheter. The process
can then be reversed to retrieve the delivery system back out of the patient’s body through

the introducer 200, as desctibed with the introducer 10.

[0063] FIG. 9 shows another exemplary introducer 300 that functions similarly to the
introducer 10. The introducer 300 can comprise a main housing 316, a distal seal housing
334, and a distal sheath housing 336. A shuttle 322 is slidably mounted to the main
housing 316 and comprises a shuttle sheath 346 and an actuator 330 that extends radially
through slots 326, 328 in the housing. A distal sea! 342 can be housed within the distal
seal housing 334 and distal sheaths 312, 314 can be secured by the distal sheath housing
336. A proximal hub 318 can be mounted to the proximal end of the main housing 316 and

can retain a proximal seal 356 adjacent to the proximal port 324 of the introducer 300.
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[6064) Similarly to the embodiment described above wiih reference to the introducer
10, the introducer 300 can allow a delivery system to be introdoced nto the patient’s
vasculature without using a protective loader device, and the introducer 300 can further
allow the delivery system to be retrieved back out of the patient’s body through the

introducer without damage so that it can be reused.

[0065] To load a delivery system into the introducer 300, the hub 318 is moved
distally, such as by rotating the hub 318 relative to the main bousing 316 about the helical
threads 369, 362 so that a proximal end of a proximal tube 352 of the main housing pushes
through and opens the proximal seal 356. The shuttle 322 can also be moved proximaliy
toward the wbe 352. After a medical device mounted on the delivery catheter of the
delivery system is inserted through the proximal port 324, through the proximal tube 352,
and into the shuttle sheath 340, the hub 318 can be moved back proximally such that the
proximal seal 356 moves off of the tube 352 and seals around delivery catheter. The
shuttie 322 can then be moved distally such that the distal end 344 of the shuttle sheath
pushes open the distal seat 342. The deiivery system can then be advanced out of the distal
end 344 of the shutile sheath, through a distal chamber 346, through the distal sheaths 312,
314, and into the patient’s body. The shuttle 322 can then be moved to the proximal
position such that both seals 342, 356 can seal around the catheter. The process can then
be reversed to retrieve the delivery system back out of the patient’s body through the

introducer 300, as described above with reference to the introducer 10.

[0066] FIGS. 10A-10F and FIGS. 11A-11G illustrate respective exemplary seals 64
and 80 that can be used with an introducer. The seals 64, 80 are each independently
suitable as the distal and/or proximal seals of any of the exemplary introducer devices
disclosed herein. The seals 64, 80 are each capable of hemostatically sealing around a
guidewire (guidewire seal) and are aiso each capable of hemostatically sealing with no
object passing through the seal (zero seal). To accomplish this dual-sealing capability, the
seals 64, 80 each include a narrow guidewire passage and a small flap or flaps of material
{hat cover the guidewire passage and that are flexible enough and conformable encugh o
ciose the guidewire passage when no guidewire is present and to open and seal around a

guidewire when one is present.
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[0067] The seal 64 of FIGS. 10A-10F is a duckbili-type seal that comprises an annuiar
body having a first end 66 (¢.g., the proxumal end) and a second end 68 (e.g., the distal
end}, and two semi-circular sealing members or lips 72, 74 that project radially inward
from the annular body and meet along a generally linear slit 7G. A narrow guidewire
passage 76 is provided in the center of the slit 70 to allow a guidewire to extend through
the slit without the rest of the slit having to separate, allowing the seal 64 to seal around a
guidewire. As shown in FIG. 10T, the guidewire passage 76 can include a generally
cylindrical portion 78 to seal around a guidewire and a flap or flaps 79 at the second end
68 of the seal that allows for coaptation of the lips 72, 74 even when no guidewire is
present. In some embodiments, the length L2 (see FIG 10C) of the slit 70 can be about 13
mm {(about 0.5 inches), and the thickness 12 (see (. 10F) of the flap or flaps 79 can

range from about (.3 mm (about 0.012 inches) to about 0.5 mm (about 0.018 inches).

[0068] The seal 80 of FIGS. 11A-11G is a dome-type seal that comprises an annular
body having a first end 82 (e.g., the proximal end) and a second end 84 (e.g., the distal
end), and two semi-circular sealing members or lips 96, 98 that project radiaily inward
from the annular body and meet along & generally linear coaptation slit 86. Reinforcing
struts 88 can be positioned on the second end 84 side of the lips 96, 98 (see FIGS. 11B and
11E), and/or ridges 90 can be positioned on the first side 82 of the lips 96, 98 (see FIGS.
11A and 11C). As shown in FIG. 1146, a narrow guidewire passage 92 is provided in the
center of the coaptation slit 86 to allow a guidewire to extend through the siit 86 without
the rest of the siit having to separate, allowing the seal 80 {0 seal around a guidewire. The
guidewire passage 92 can seal around a guidewire when present, and a narrower/closed
portion 94 of the passage 92, such as with a flap or flaps, at the second end 84 of the seal
allows for full coaptation of the lips 98, 96 even when no guidewire is present in the
guidewire passage 92. In some embodiments, the length L1 (see FIG 11E) of the slit 86
can be about 13 mm (0.5 inches), and the thickness D1 (see FIG. 11G) of the flap or flaps
94 can range from about (.3 mm (about (.012 inches) to about 0.5 mm (about §.018

nches).

[¢069] FI(iS. 1215 show another exemplary introducer 400 that functions similarly to
the introducer 10. As best shown in FIG. 13, the introducer 400 can comprise a housing

416 that comprises a main housing 432, a distal seal housing 433, one or more distal
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housing portions 434, 436, a proximal seal housing 417, and/or a proximal end housing
418. A flush port 420 can be coupled 1o the housing 416 at any point. A shutile 422 is
slidably mounted to the housing 416 and comprises a shuttle sheath 440 and actuator 430
that extends radially through a slot 425 in the housing, as best shown in FIG. 14. The
shuttie can slide longitudinally between a proximal position where the actuator 430 abuts a
proximal end 428 of the slot 4253, and distal position wherein the actuator abuts a distal
end 426 of the slot 425. More than one slot 425 and more than one actuator 430 can be

included,

{66701 One or more distal seals 442 are housed within the distal seal housing 433, and
an additional distal shuttle seal 450 can be mounted around the shuttle sheath 440 within
the housing 416. Similarly, one or more proximal seals 454 are housed within the
proximal seal housing 417, and an additional proximal shuttle seal 452 can be mounted
around the shuttle sheath 440 within the housing 416. The distal seals 442 can be secured
between the distal seal housing 433 and the distal housing portion 434 with an annular
gasket 460, Similarly, the proximal seals 454 can be secured between the proximal seal
housing 417 and the proximal end housing 418 with an annuiar gasket 462. Distal sheaths

412 and 414 can be secured to the introducer housing 434 by a distal sheath housing 436.

[0071] Similar to the embodiment described above with reference {0 the introducer 10,
the introducer 400 can aliow a delivery system to be introduced into a patient’s
vasculature without using a protective Joader device, and the introducer 400 can further
allow the delivery system to be retrieved back out of the patient’s body through the

introducer without damage so that it can be reused.

[0072] To load a delivery system 402 into the introducer 406, the shuttle 422 is moved
proximally so that a proximal end 448 of the shuttle sheath pushes through and opens the
proximal seals 454 (see FIG. 14). After the medical device mounted on the delivery
catheter of the delivery system is inserted through the proximal port 424 inio the shuttle
sheath 440, the shuttle 422 can be moved distally such that the proximal seals 454 seal
around the catheter and the distal end 444 of the shuttle sheath pushes open the distal seals
442 (see FIG. 15). The delivery system 462 can then be advanced out of the distal end 444
of the shuttle sheath, through a tapered transition 446, through the distal sheaths 414, 412

and into the patient’s body. The shottie 422 can then be moved to a neutral position such
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that the distal and proximal seals 442, 454 are free of the shuttle sheath 440 and can seal
around the catheler (see FIG. 13), or alternatively the shuttle 422 can be moved back Lo the
proximal position with the proximal seals 454 remaining open during the subsequent
procedure. The process can then be reversed to retrieve the delivery system back out of the

patient’s body, as described with the introducer 10.

[0073]  FIG. 16 shows exemplary introducer 500 that includes housing components
that can he split apart along generally longitadinal seams. The introducer 500 can
comprise & main houvsing 532 that splits apart into components 532A and 5328 (as shown
in FIG:, 17), a distal housing 533 that splits apart into components 533A and 5338 (as
shown in FIG. 18}, and a shuttle actuator 522 that spiits into components 5224, 5228,
522C, and 522D {as shown in FIG. 19). The ability of these components to sphit apart can
allow these components to be removed from around z catheter passing through the
introducer into the patient’s body, without having to slide the components proximally off
the end of the catheter system. Other parts of the introducer 500, such as other components
of the shuttle and proximal housing, can also be disassembled into smaller parts or
otherwise configured to be removed from around the catheter. This can increase the
working length of the catheter system by shortening the length of the remaining portion of

the introducer that projects from the patient’s body.

[0074] The introducer 300 can further comprise one or more additional distal housing
portions such as 334, 536, a distal sheath 512, and/or a proximal housing 518. The shuttle
actuator 522 is slidably mounted with the housing slots 525A, 525B (see FIG. 17) and can
comprises a shuttle sheath within the housing that siides longitudinally with the actuator
522 between a proximal position where one or more proximal seals are opened and a distul
position where one or more distal seals are opened, as described for other embodiments of

introducers disclosed herein.

[0675]) With the delivery catheter inserted through the introducer into the patient’s
body, the disassembleable components 522, 332, 533 and/or other components of the
introducer 500 can be split apart and removed laterally from the catheter, leaving the seals
and the distal-maost portions of the introducer (e.g., 512, 534, 536) engaged with the
catheter and patient for hemeostatic sealing purposes. The catheter can then be inserted

further distally into the patient, as needed, due the reduced length thereof disposed within
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the introducer 500. After the catheter-based procedure is completed, components of the
mntrodecer 500 removed {o increase the working length of the catheter can optionally be
reassembled around the catheter {o restore partial or full functicnality of the introducer.
Alternatively, the delivery catheter can stmply be retracted out of the body through the
remaining distal portions of the introducer 500 without reassembly of the removed

components.

[08763  FIGS. 20-23 show another exempiary introducer 600 that includes telescoping
housing components that allow the housing of the introducer 600 to shorten and to
lengthen to load a delivery catheter through the distal seal thereof. The introducer 600
inclades an cuter housing 604, an intermediate housing 602, an inner distal housing 606, a
proximal housing 608, a proximal end porticn 610, a distal sheath 612, a distal sheath
housing 616, an inner sheath 618 (FIG. 21), lateral ports 620, 622 (FIG. 20), and/or a
proximal port 624. A distal seal is housed in the inner distal housing 606, and a proximal

seal is housed in the proximal housing 608.

[00771 A proximal portion of the introducer 600, including the outer honsing 604 and
proximal housing 6U8 (see right side of F1G. 20}, can be telescopically moved distally
over a distal portion of the introducer, inciuding the intermediate housing 602 and inner
distal housing 606 (see left side of FIG. 20). In addition, or alternatively, the intermediate
housing 602 can be moved telescopically over the inner distal housing 606 and/or the
sheath housing 616 (as shown in FIG. 23) to shorten the introducer 600. As the proximal
portions of the device move over the distal poriions of the device, the inner sheath 618
pushes through and opens the distal seal to allow a delivery catheter to be inserted into,

and removed from, the patient without damage from the distal seal.

{0678] In addition, the proximal end portion 610 can be moved distally relative to the
proximal housing 608 to cause an inner tube to push through and open the proximal sesl,
such that a delivery catheter can be inserted through the proximal port 624 and the
proximal seal into the inner sheath 618, and also removed out of the inner sheath, without
damage from the proximal seal. The interface between the proximal housing 608 and the
proximal end portion 610 can comprise a push-to-lock type mechanism or a twist-to-lock
type mechanism that allows the proximal seal to be selectively locked open and locked

closed.
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[0#791  FIGS. 24-25 show another exemplary mtroducer 700 that includes telescoping
housing components that allow the housing of the introducer to shorten and to lengthen (o
load a delivery catheter through the distal seal. The introducer 700 includes an outer
housing 702, an inner housing 704, a distal seal housing 706, a proximal seal housing 708,
a proximal end portion 710, a distal sheath 712, lateral ports 720, 722, and/or a proximal
port 724. A distal seal is housed in the distal seal housing 706, and a proximal seal is

housed in the proximal seal housing 708,

[0086] A proximal portion of the introducer 700, including the outer housing 702, can
be telescopically moved distally over a distal portion of the introducer, including the inner
housing 704, which shorlens the introducer 704, As the outer housing 702 moves over the
inner housing 704, an inner sheath attached to the outer housing 702 pushes through and
opens the distal seal to allow a delivery catheter and medical device mounted thereon to be
inserted into, andfor removed from, a patient without damage thereto from the distal scal.
The introducer 700 can further comprise a spring 730 or other biasing mechanism within
the housing that biases the outer housing 702 and inner sheath backwards, proximally
away from the inner housing 704 and the distal seal, A nser can move the outer housing
702 from the position shown in FIG. 24 to the position shown in FIG. 25 to open the distal
seal and move the delivery catheter through the distal seal and then stmply release the
housing to allow the spring 730 to push the inner and outer housings 702, 704 back apart
from each other to the position shown in FIG. 24, thereby closing the distal seal again. The
inner and outer housings 702, 704 can also include a twist-to-lock mechanism that aliows
the introducer to be Tocked in the shortened configuration of FIG. 25 with the distal seal
open, by twisting the outer housing 702 relative to the inner housing 704. Some
embodiments of a twist-to-1ock mechanism include mating threads on the inner and outer

housings 702, 704, a bayonel mechanism, or the like.

160811 In addition, the proximal end portion 71{) can be moved distally relative to the
proximal seal housing 708 to cause an inner tube to push through and open the proximal
seal, permitting insertion of a delivery system through the proximal port 724 and the
proximal seal into the inner sheath, and also removal out of the inner sheath, without
damage thereto from the proximal seal. The interface between the proximal housing 708

and the proximal end portion 710 can comprise a push-to-lock type mechanism or a twist-
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to-lock type mechanism that allows the proximal seal to be selectively locked open and

locked closed.

[0082] FIGS. 26--30 show an exemplary introducer 800 that includes a shuttle 802 that
moves longitudinally relative o the rest of the introducer to open and close distal and
proximal seals. The introducer 800 includes the shuttle 802, a main housing 804, a distal
seal housing 806, a proximal end portion 810, a distal sheath 812, lateral ports 820, 822,
and/or & proximal port 824. One or more distal seals 842 are housed in the distal seal
housing 806, and one or more proximal seals 854 are housed in the proximal end portion
810 {see FIG. 27).

[06683] The shuttle 802 comprises an ouater cylindrical portion that slides over the main
housing 804 (FIG. 26) and a shuttle sheath 834 (FIG. 27) within the main housing. A distal
end 836 of the shuttle sheath can push through and open the distal seals 842 when the
shuttle 802 is moved to a distal position (FIG. 30), and the proximal end 838 of the shuttle
sheath can push through and open the proximal seals 854 when the shuttle 802 is moved to
a praximal positon (FIG. 29). The shuttle sheath 834 can also be in an intermediate or
neutral position (FIGS. 26-28), where both the distal and proximal seals 842, 854 are
closed. Additsonal distal and proximal seals, such as O-rings 850, 832, can be positioned

around the shuttle sheath 834 to seal against the inside of the main housing 804,

{00841 The introducer 800 can further comprise springs 8§30, 832 (FIG. 27) or other
biasing mechanisms within the main housing 804 that bias the shuttie 802 toward the
neutral position. One end of each spring 830, 832 can contact a respective O-ring 850,
852, while an opposite end of each spring contacts the shuttle 802. A user can move the
shuttle 802 from the neutral position in FIGS. 26-28 in a proximal direction to open the
proximal seals 834 (FIG. 29) in order to Ioad a delivery catheter 860 with a medical device
862 mounted thereon into the shuttle sheath 834, The user can then release the shuttle 802
and/or move it distally with the help of the springs 830, 832 to the neutral position, such
that the proximal seals 854 seal around the catheter 860 behind the medical device 862.
Then the user can move the shuttle 802 to the distal position (FIG. 30) to open the distal
seals 842 and move the delivery catheter 860 through the distal seals. After the medical
device 862 mounted on the delivery catheter is moved distally past the distal seals 842, the

user can release the shuttle 802 or move it proximally with the help of the springs 830, 832
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to move the shuttle 802 back Lo the neutral position, thereby closing the distal seal around

the catheter 860 as it is advanced into a patient.

[0085] The main housing 804 can comprise a longitudinal slots 814, 818 (FI(z 26) that
allow the shuttle 802 to move jongitedinally between the proximat and distal positions. {n
some embodiments, the main housing 804 can also include a distal slot 815 extending
circumferentially from the longitodinal slot 814 to aliow the shuttle 802 in the distal
position to rotate relative to the main housing to lock the shuttle in the distal position with
distal seals 842 open. Similarly, the main housing 804 can also include a proximal slot 819
extending circumferentially from the longitudinal slot 818 to allow the shuttle 802 in the
proximal position to rotate relative to the main housing to lock the shuttle in the proximai
position with proximal seals 854 open. The main housing 804 can also comprise one or
moare additional siots to allow the shuttle 802 o rotate to a locked position relative to the

main housing in the neuiral position.

[6686] FIGS. 31-33 show an exemplary introducer 900 that utilizes a hinge
mechanism to allow distat and proximal portions of the mtroducer to move together and
apart from each other to load a delivery catheter and device mounted thereon. The
introducer 900 can include a distal hovsing 902, proximal housing 904, distal seal housing
906, proximal seal housing 908, proximal end portion 910, distal sheath 912, distal sheath
housing 916, lateral pores 92¢, 922, proximal port 924, inner loader sheath 930, distal
hinge arms 932, and/or proximal hinge arms 934. The hinge arms 932, 934 couple the
distal housing 902 to the proximal housing 904 and allow the proximal portion of the
introducer 200 to move between the proximal, expanded position: shown in FIG. 32 and
the distal, compressed position shown in FIG. 33. Any number of hinge arms 932, 934 can
be included, such as four pairs of hinge arms, as iliustrated, spaced at about 90° intervals

around the housing.

{60871 The proximal end portion 910 can be engaged wiith the proximal seal housing
908 such that pushing the end portion 910 toward the proximal seal housing 908 forces an
inner tebe (such as the proximal end of the loader sheath 930) through a proximal seal and
allows a delivery catheter and device to be inserted through the proximal port 924, through
the proximal seal, and into the loader sheath 930. Once a medical device mounied on the

catheter is advanced past the proximal sheath, the proximal end portion 910 can be moved
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back proximally to allow the proximal seal 10 seal around a portion of the catheter behind

the mounted medical device.

{8088] With the delivery catheter loaded in the loader sheath 930, the proximal
housing 904 can be moved distally relative to the distal housing 902, causing the hinge
arms 932, 934 to flex and project radially outwardly, as shown in FIG. 33, while the loader
sheath 930 moves distally through the distal seal housing 906 and opens the distal seal.
With the loader sheath 930 positioned through the distal scal, the delivery catheter can be
advanced through the distal sheath 912 and into a patient’s body. The delivery catheter and
device can also be retrieved back out of the patient’s body by reversing this process

without damage thereto from the seals.

[0089] While many different embodiments of introducer are individually described
herein, any of the features, properties, and related methods of use that are described in
relation to any one or more of these embodiments can also be included, used, or applied in
an analogous manner with any other embodiments described herein, to the extent

practicable.

[0490] As used herein, the terms “distal” and “distally” refer o a location or direction
that ig, or a portion of an clongated device that when implanted or inserted into a patient’s
vasculature (for example percutaneous insertien into a blood vessel) is farther away from
an end of the device the projects from the body. and is closer toward the end of the device
that is within the body. The terms “proximal” and “proximatty” refer to a location or
direction that is, or a portion of an elongated device that when implanted or inserted into a
patient’s vasculature (for example percutaneous insertion into a blood vessel) is closer
toward an end of the device the projects from the body, and is farther from the end of the
device that is within the body. The term “longitudinal” refers to the axis extending in the

distal and proximal directions, or to the longitudinal axis of a cylindrical body or lomen.

f0061] For purposes of this description, certain aspects, advantages, and novel features
of the embodiments of this disclosure are described herein. The disclosed methods,
apparatuses, and systems should not be construed as limiting in any way. Instead, the
present disclosure is directed toward all novel and nonobvious features and aspects of the
various disclosed embodiments, alone and in various combinations and sub-combinations

with one another. The methods, apparatuses, and systems are not limited to any specific
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aspect or feature or combination thereof, nor do the disclosed embodiments require that

any one or more specific advantages be present or problems be solved.

[06092] Although the operations of some of the disclosed methods are described in a
particular, sequential order for convenient presentation, it should be understood that this
manner of description encompasses rearrangement, unless a particular ordering is required
by specific language. For example, operations described sequentially may in some cases
be rearranged or performed concurrently. Moreover, for the sake of simplicity, the
attached figures may not show the various ways in which the disclosed methods can be

used in conjunction with other methods.

[0093] As used herein, the terms “a”, “an”™ and “at least one” encompass one or more
of the specified element. That is, if two of a particular element are present, one of these
elements is also present and thuos “an” element is present. The terms “a plurality of” and
“phural” mean two or more of the specified element. As used herein, the term “and/or”
used between the last two of a list of elements means any one or more of the listed
elements. For example, the phrase “A. B, and/or C” means “A,” “B,” “C.)” “A and B,” “A
and C.” “B and C” or “A, B and C.” As used herein, the term “coupled” generaily means
physically coupled or Hnked and does not exciude the presence of intermediate elements

between the coupled items absent specific contrary language.

[0094] In view of the many possible embodiments to which the principles of the
disclosed invention may be applied, it should be recognized that the illustrated
embodiments are only preferred examples of the invention and should not be taken as
limiting the scope of the invention. Rather, the scope of the invention is defined by the
following claims. We therefore claim as our invention all that comes within the scope and

spirit of these claims.
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WHAT IS CLAIMED IS:

1. A device for introducing a catheter into a patient’s vascuolature, the device
comprising:

a housing;

& distal sheath extending distally from the housing and adapied to be inserted into a
patient’s vasculature with the housing positioned ouwtside of the patient’s
vasculature;

a distal hemostatic seal mounted within the housing;

a proximal hemostatic seal mounted within the housing at a location proximal to
the distal hemostatic seal;

a tube positioned within the housing and movable longitudinally relative to the
distal hemostatic seal between a proximal position and a distal position,
wherein in the proximal position a distal end of the tube is positioned
proximal to the distal hemostatic seal with the distal hemostatic seal closed,
and wherein in the distal position the distal end of the tube extends through
the distal hemostatic seal; and

wherein a proximal end of the tube, or an end of another tube of the device, is
movable longitudinally relative to the proximal hemostatic seal between a
first position within the proximal hemostatic seal and a second position not

within the proximal hemostatic seal.

2. The device of claim 1, wherein when the tube is in the distal position, a
proximal end of the tube is positioned distal to the proximal hemostatic seal and the
proximal hemostatic seal is closed, and when the tube is in the proximal position, the

proximal end of the tube extends through the proximal hemostatic seal.

3. The device of claim 1 or claim 2, wherein the proximal hemostatic seal is
movable longitudinally relative to a proximal end of a second tube of the device between a
distal position wherein the second ube extends through the proximal hemostatic seal and a
proximal position wherein the proximal hemostatic seal is ciosed and positioned proximal

o the second tube.



WO 2015/168006 PCT/US2015/027764

~ 23 .

4. The device of any one of claims 1-3, wherein the tube is part of a shuttle
that also includes an actuator that extends radially out through the housing to allow a user

to move the tube between the proximal and distal positions.

S The device of claim 4, wherein the actator of the shuttle is lockable
relative o the housing in the distal position and lockable relative to the housing in the

proximal position.

6. The device of any one of claims 1-5, wherein the housing comprises a main
housing and a proximal end portion that are movable longitadinally relative to each other,
and wherein the distal hemostatic seal is mounted within the main housing and the

proximal hemastatic seal is mounted within the proximal end portion.

7. The device of claim 6, wherein when the proximal end portion is moved
longitudinally toward the main housing, the proximal hemostatic seal is opened, and when
the proximal end portion is moved longitudinally away from the main housing, the

proximal hemostatic seal is closed.

8. The device of claim 6 or ¢laim 7, wherein when the proximal end portion is
moved longitudinally toward the main housing and the proximal hemostatic seal is
opened, a delivery catheter can be inseried through a proximal port in the device and into

the tube without the delivery catheter contacting the proximal hemostatic seal.

9. The device of any one of claims 6-8, wherein when a distal end of a
delivery catheter is positioned within the tube, the tube can be moved to the distal position
to allow the delivery catheter to be advanced distally from the tube into the distal sheath

without contacting the distal hemostatic seal.

10.  The device of any one of claims 1-3, wherein the housing comprises a
proximal housing and a distal housing that are movable longitudinally relative to each

other, and wherein the distal hemostatic seal is mounted within the distal housing and the
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tube is stationary relative to the proximal housing, such that when the proximal housing
moves toward the distal housing, the distal end of the tube moves through the distal
hemostatic seal, and when the proximal housing moves away from the distal housing, the

distal end of the tube moves out of the distal hemostatic seal.

11.  The device of claim 10, wherein the proximal housing and the distal
housing are arranged to allow one to move over the other in a telescopic manner as the

proximal housing is moved distally relative to the distal housing,

12. The device of claim 10 or claim 11, wherein the proximal housing and the
distal housing are coupled together with a hinged anms that flex radially outwardly as the

proximal housing is moved distally relative to the distal housing,

13. The device of any one of claims 1-12, wherein the tube is movable to a
reutral position between the proximal and distal hemostatic seals, such that both of the

proximal and distal hemostatic seals are closed.

14, The device of any one of claims 1-13, wherein the device is adapted to
allow a delivery catheter with an uncovered prosthetic heart valve mounted on the delivery
catheter 1o be introduced mto the patient’s vascutature through the device and to be
retrieved out of the patient’s vasculatore through the device without the crimped prosthetic

heart valve contacting the distal and proximal hemostatic seals.

15. The device of any one of claims 1-14, wherein with the tube in the distal
position and the distal end of the wbe extending through the distal hemostatic seal, a
erimped prosthetic heart valve carried on a delivery catheter can be retracted proximally
from the patient’s vasculature, through the distal sheath, and into the tube while the distal

hemostatic seal is held open around the tube.

16, 'The device of any one of claims 1-15, wherein with a crimped prosthetic
heart valve positioned within the device between the distal and proximal hemostatic seals,

the proximal hemostatic seal can be held open by a proximal end of the tube or by another
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tube of the device while the critnped prosthetic heart valve is retracted proximally through
the proximal hemostatic seal and out through a proximal port of the device, without the

crimped prosthetic heart valve contacting the proximal hemostatic seal.

17. The device of any one of claims 1-16, wherein the distal hemostatic seal or
the proximal hemostatic seal comprises a narrow guidewire passageway adapted to
hemostatically seal around a guidewire extending through the seal and comprises a flap or
{laps adjacent to the guidewire passageway adapted to hemostatically seal when nothing is

extending through the seal.

18.  The device of any one of claims 1-17, wherein both the distal hemostatic
seal and the proximal hemostatic seal comprise a narrow guidewire passageway adapted (o
hemostatically seal around a guidewire extending through the seals and comprise a flap or
flaps covering the guidewire passageway and adapted to hemostatically seal whern nothing

18 extending through the seals,



