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FIG. 1

(57) Abstract: A delivery system (100) for delivering a collapsible prosthetic heart valve includes a body (120) extending in a lon-
gitudinal direction and a sheath (130) slidable relative to the body. A compartment (155) is defined inside the sheath and is adapted
to receive the collapsible prosthetic heart valve in a collapsed condition. The system includes an articulating joint having a first por -
tion operatively connected to the compartment and a second portion operatively connected to the body. The first portion is pivotable
relative to the second position so as to pivot the sheath from a first orientation extending in the longitudinal direction to a second

orientation extending transverse to the longitudinal direction.
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TRANSAPICAL PASSIVE ARTICULATION DELIVERY IJYSTEM DESIGN
BACKGROUND COF THE INVENTION

[GQ0L3 The present invention is related to prosthetic heart
valve replacement, and more particularly te devices, systems,
and methods for  transcatheter delivery of «collapsible

art valves.

FOo0Rl Frosthatic heart valves that ars a
sivaly smell circumferential size can be &

are not collapsible.

patient less invasively than valves th

For example, a collapaible wvalve may e delivered into a

patient via a tube-llke delivery apparatus suzh as a cathetler,
a trocar, a laparoscopic instrument, or the lilke. This
collapaibility can  avoid the need for 3 wre invasive

procedure such as full copsn-chesi, open-heart suvrgary.
{0003} Cellapsible prosthetic heart valves typically taks

¥
the a wvalve structure mounted on a stent. Thare are

of  stents on which the wvalves structures are

mted: a salf-expanding stent and a bailloon-
axpandable sient. Te place such valves into a delivery
apparatus and ultimately into a patient, the valve must firat

be collapsed or crimped to reducs its circumferential =mize.

=

These collapsible and re-expandable prosthetic heart valwvas

can than be dmplanted tranzsaplcally or percutansously through

the arterial system, such as throuwgh the moral artery.

FO0043 wWhen a collapsed proeosthetic valve has reached the

dexired dmplant site in the patient {e.g., at or near

annulus of the patient's heart valve that ig to be replaced by

whe prosthetic valve), the prosthe » valve can be deployed or
X
ralsased frowm the dslivery apparatus and re-expanded to full

balloon-expandable valves, this generally

involves eleasing the entire wvalve, assuring ihts  proper

locatinon, and then expanding & balloon pesitioned within the

valve stent. For self-expanding valves, on the other hand,
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the stent automatically maginsg  toe  ezpand as  the  shesath
covering the valve is withdrawn.

expanding

(G003} In conventional dalivery svs

hag baaen

acrtic valves, for sxample, aftzsy the

positicned for deployment, the annulus end of the wvalve is
typically unshzathed and ezpanded first, while the aortic end

the annulus end of the

of the valve remains sheathed. On
valve has expanded, it may be determined that the valve nseds
to be repositionsd ia the patient’s aortic annulias, T

acooempliash this, a user {suzh  as & surgson or an

heathes the annulus

interventional cardiologist) typlcally
end of the valve, 5o that the valve can be repositicned while
in a collapsed state. Afrer the wvalve has been repositionsd,
the user can again release the valve.

[0008] Az stated above, collapsible prosthetic heart valves
may be delivered ho the walve annulus, and particularly the

aoriic wvalive annuius, either tranafsmorally or transapically,

n

-

as wsll as by other percutanasus procedures. In transfemoral

>

vaive implantation, the nollapsible prosthetic heert valwve is

introduced through  the femoral artexry ultimately

delivered in a rebrograde manner through arch to

the mnative aortic wvalve annulus. In &fransapica Valve

replantation, the oollapsible prosthetic heart valve is

delivered in an antegrade fashion through ths apex of the

il

heart to the native aortic wvalve annulus.
[OQ07 In  transapical wvalve implantation, it would be
preferable if the axis of the sntry point at the apex of the
heart was coazial with the axizs of the annulus of the zortic
hearh wvalve. 7This woold allow a straight transapical valwve
delivery device to enter the left ventricle through the apex

of the heart and move in a straight line directly bthrough the

senter of the annulus area of the aortic hsarvt valve. However,
in patienhs with diseased hearts and heart valves, there can

a mismatoh of up to 30 or 49 degress betwsen the apical and
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within the hesart may

3
h

apex of th

a

lus. These
e the p

vailve at the

nave Deen mads

the various

prosthetic heart wvalve

N ] vt amas
cy devices,  systoma,

For e=xanmple,

davices bave oot vet fully address

mwhamatchas between U api and anmilar

[oQ08]

IMMARY O THE

The preasent relates to delivery systewms

an implantation site in a

5

as a collapsible prosthetic

iiraction.,
compavtmant

eive the medical dasvice

The svstem alse incliud

Lvely COne

a second portilon o the body. The

porticon is pivob second portion so as Lo

v . [

pivet the sheabth from a first orientation extending in the

ton bo  a  second

longitudinal

fongitudinal dirvection. The articulating

tranaverse to

(957
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dodint can includs a ball and a socket. system can further

raelative to the

and a releass

i
articulating Joint between a lock positid
position. The restrictive shsath, when in the lock position,
at least partially cirsumscribes ithe avticulatiog jolnt. When

position, the restrictive sheath at most

roumscribes the articulating joint, The
ath can include a slot having with a widith less

irst portion of the articulating joint.

h

ol

The first portioen of the articulating Jjoint may ke configured
to pivot  through the siot in &  single plane whan  the

vestrictive sheath is in  the release position. The

restrictive sheath may include proximal and distal portions,

and the distal portion may be prozimal to the first porviicn of

the articulating +doint when the restrictive sheath iz in the

se position. In this ralease pesition, the

of the articulating Jjoint way be configured to pivot In any

plane relative to the second portion of the articulating
joint.

(0011} The restrictive sheath of the deliv

alao be rotatable about an axis extending in the

divection. The restrictive sheath may alsoc be operably

connecked to a retraction mschaniam at & proximal =nd of

ratraction mechanism can ke a wheaal.

delivery system. Tha
The restrictive sheath may alsc include wvisual indicils of
location, such as line markings or flucroscopic markings. The
daelivery system may further inciude a locking feature
configured to compress the socket toward {he ball. The

locking feature can ke a locking sheath sllidable between a

lock conditicn surrounding a largsst oress-section of  the
socket and a release condibion nob surrounding the lavgest
cross-section  of the  socket, The locking feaburs <an

iternately bs a chuck.,

e

fJ}
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BRIEF DESCRIPTION OF THE DRAWINGS

{0013] varicus embodimants of the present lovention will

now be discussed with to the appended drawings. It
is teo be appreciatsd that these drawings depict only some
embodinents of the invention and are therefore not fo b
constdeved Limiting of its scope.
{0013} FIc. 1 1

system for a collapsible presthetic heart valve, with a di atal

i a side elevational view of a delivery

sheath in an open condl

FG0141 FIG., 2 is a

hive view of a distal portion of
the delivery system of FIG. 1y

FOOL5Y FIG. 3 is evational view of the disgtal

of FIG. 1 with &

portion of the
heact valve;

of the distal

partially =

FO016] FIG. 4R is a side elevaticnal vi
portion of the trapnsapleal delivery device of PIG. 1;
FO0LT] FIG. 48 iz an enilarged detailed view of the

riculation system of the delivary device of FIG. 44;

o018} FIGS. SA-5D are enlarged front aod sids views in
partial corossz-sechtion of the articulation system shown in
FIG. 48;

00193 FIG. 6A is an enlarged front view of an slternate

embodiment of an articulation sysiam;
G620} FIG. 58 is an anlargead front view of the
articulation system of FIG. &A, partiasily broken eway Lo show

alemants thereof; and

(G213 Fiz, 7 is an enlargsd front view of the articulation
syshem of FIG 64, partlally broken away to show the selemenis

thereof, and wiih cking featurs in a

an articulation joink

locked position.
DETATLED DESCRIPTION
(00227 Aag uaad herein, the

are to be btaken a3 ralative te a user {e.g., a surgecn or Aan

rms Uproximal® and "distal?

interventional cardiologisk) of the disclicsed delivery

£l
e
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A7y 4e oyl B I SV
‘diatal” is to be under:

i

o the

harein., Dellvery syatem 100 g

4  tubular shaft o©r wvals

RN -“
U, anl Ve

sheath 130, & proximal sheath 1

{0024} Shaft 120 has a fivst retaimer 165 fizedly cornected

end  and a second retainer 160 fixedly

distal end so as to define a valve-recelving

compartmant 15! TG .

Comparbtment 155 sthetic

heart cagard,

retaliln

incoerporat

FO025] a  handle {not
shown} to the e 185, A conduit 132 extends

tip 140, pas

through

umen of At its proxzimal anag,

et

siddakly through the
wandle oy may protrude

X

may he connechted Lo

for manipulaticn by the

The distal sheath 130 is

areantl
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.

eorcesponding sliding movement of the distal sheath. That s,
as conduit 132 43 slid distally relative te shaft 120, distal

zheath 3130 is moved toward an open position uncovering the

ralve-recsiving comparituent 153 for deployment  of

tic heart wvalve 150, and as conduit 132 is  slid

proest
proximally relative to shaft 120, the distal sheath ia maved
toward & vioszad  position  covarlag the valve-rstelving
compartment and maintaining the prosthetic heart wvalve in a
atal sheath 130

e

collapsed conditicon. A proximal sdge 175 of d
huts retainsr 6% when the distal shaath is in the closed

position fully covering compartment 1355, The proximal sdge
175 of distal sheath 130 is spaced apart from retainer 185
when compartment 155 is ab least partislly uncovered, as shown
in BFIG. 3.

{0028} Conduit 137 is flexzikble =nough  te bend  upon

dy, as well as during

introduction or withdrawal from the b

articulation rhe delivery asystem 180. However, conduit 132

retaina encugh stiffness to bransumit fovce, such as whan cha
0

tal sheath 13

condult iz siid distalily, puzhing the di
distally. Conduit 132 may have a lumen extending aleong its
entire length for rveceiving a guide wire {not shown]. The
guide wirse may e=sztend through conduit 132 and out from
dslivery sysiem 100 through a bore {pot shown) exitend
longitudinally through atraumatic tip 140.

FOQ27] Referring to FIG. 4A, a transapical dslivery system
1087 is shown according to an embodiment of the invention. The
delivery system 100¢ is generally szimilar to delivery systen
100 described above, and further includes an avticslation
machaniasm 200,

(G287 FIG. 4B shows a magnifisd view of articulation

mechanism 200 with ths body of delivery system 100° shown as

partially transparent 30 that the
ariticulation machaniso can e Moy gaslly zEaen, The

articulation mechanism 200 includes an articulating jolob 231
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joint 220 has a ball
lguration allowing 300 degrees of
doint 220 has a first portion

indrical

i

bhe

. . 3
ane end

260 by oa neck

than the

rotalner 165, A

£it in the end of

and 240 of sock porticn 235 has a shaps that 1s

6]
F
e

Lo bhall - so as to define a surface against

the ball may pivot. Spherical end

To rece 238 in a snap

always in contact with

)
W
9]
[
b
~
o]
j]
=
[¢)
s
=
(R
o
o)
jod
a
O
[a

i “ - &7 " . - - Ty
partially or $£ully through the

apherical end. The

b will hecoms evident

The =lots 245 may

which will bec

i bR I
bore 270

and s=socket portion Z3

122 theret

[QO28} A restrictive

Lo bhe

o ek .
¥ lindrical

wall so as to d
tharecf. The U-shaped slot defines in sheath 210 a cliosad

-
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plane in which

This allows i

longitudir

h\‘;vt o0

ocugh the apex

prozimal end of the restrictive sheath 210 may

outside the psiient to

o the raleass

ax ’\mu“e

o , .
a hapdle {not

shown} of the st 1007 such that the user oan

th oas  dessired

ambodiment,

aystoem

s body, but  that

operatively

o *
provide an t .
of the invenbion, a

PO831} Whan pragct
L

~ey 3 T
COLLIAY

llapsible prosthetic ¥
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2 npen i TN =7 P : T o 3
syatam 1460 and held in place in

moving the distal sheath 130 to the closed

end of the delivery aystem 100% iz

rional teg A:l;qlst?g

wmay be periox

1Ty,

Yoany pe i -2 PR . -
neart tigssue and the delive

of the

ation mechanism 200

whearn  the

the heact. the is
in the lock position during insertion and

inoe provide stability to

acation of the avtioculs

articulation of ths

articula

fluoroscor

may be indicatsd

the operator may choose Lo chan

criative sheath

220 may

lation of doint 228,

position, al

provide up

tha distal o piveon with

~

the proximal sheath 1
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o more precis
system 1607

henn  there is

annular axes or Iinterfering

P - - kol - - -
above, For example,

coaxial, 1t would be

proximal

coaxi antry poiloi at

aimualtar

wsly having the distal

makaes  bthis possible,

mismatch bholtween the axis of

native valve annulus. On

and thus the

s e b 10 H
system 10U

from the rastl

sheath 210 to the lock position to both ensure & smooth ou

1007 may be

anism 300 in

ambodimant

od  above, and

includes an artia

cond o

culation nism 300, bowaver,

sheath 310 doss not have a U-shaped sloh. Wh

sition shown in FIG. 6B,

drst portion 32%, and
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30

roximal

Gr

=]
sition shown in FIG. 64 fhe
s

of both the first portion

by preventing these g

one anocother

5

an articulation mecharndsm 400 in

a further embodz

similar +to articulation

20
AN

above, and includes Joint

and a second o

portion

restrictive ashoath 410, Arviculation

may
424,

asyastem 1007,

an  angle that aligns

may  bhe

ceaxially with the site of wvalve ilmplants

selentad

desirable o leock the artdiculation joint 420 at

If the deint 420 is not locked, movement of th

syatem  100°' during the he
hio valve may cause  Uh stal sl h 130 to move
relative to the proximal sheath 170 =zo that it is in

of

dasired orientation. A

locking sheath 450 can prevaent at. ieast minimize such

movement s,
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the chuck may

end 440 o

One or more pins or other

and an

inward from ths chuck. In

surround 440
but O Lthe

Loward

pasition, the pios

M

the spherical end 440,

{

In

from ths

away from contact with

may for example be accomplished

ohiuak a dirsction opposite the first
the pilns retrack, bhe oomprassion on the

gpharical end 440 is

which i turn reduces

S Treamy e
SIS} SR 610 W

seen the sphavical end and ball 430, Orice  the

chuck is in the unlock posibtion, the user may advancs

th 410 to the ilock position to lock the distal

restrictive

sheath 130 in the longitudinal

the delivery system Lo

the prox

&8

withdrawn from the

of

FOURYY although desc

crosthetic heart valves, the

may be used deliver any pumber of ltems into the

P I e o P— At st e T aqe e T
body. For example, stents, oooluders, and  other

duced

he inbtro

implantaticon in

herain,

herein has been

mbhodimentsa, it is  to  bhe

thea “"‘“l. ol
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