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Description

Field of the Invention

[0001] Theinvention relates to @ membrane strcture
applied to or across the ostium of an atrdal appendage
to prevent a thrombus from leaving the atrial append-
age.

Description of the Related Art

[0002] There are & number of heart diseases (e.g.,
coronary artery disease, mitral valve disease) that have

e meygafious-adverse effects on the heart. An adverse effect

of certain cardiac diseases, such as mitral valve dis-
ease, is atrial (or auricular) fibrillation. Atrial fibrillation
may result in poollng of blood in the left atrial append-
age. Blood pooling may also be spontaneous. When
biood pools in the atrial appendage, bloodclots canform
and accumulate thereln, build upon themselves, and
propagate out from the atria! appendage into the atrium.
These blood clots can then enter the systemic or pul-
monary circulations and cause serious problems if they
migrate from the atrial appendage and become free in
the blood stream and embolize distally into the arterial

system. Similar problems also occur when a blood clot -

extending from an atrial appendage into an atrium
breaks off and enters the blaad supply. Since blood from

the left atrium and ventricle supply the heart and brain,

blood clots from the atrial appendages can obstruct
blood flow therein causing heart attacks, strokes or oth-
er organ ischemia. It is therefore necessary to find a
means of preventing blood clots from forming in the atri-
al appendages and to prevent these blood clots, once
formed, from leaving the atrial appendages to the heart,
lungs, brain or other cireulations ofthe patient which can

cemermerem e sane e heaM attacks or strokes or other organ ischemia.

[o003] U.S. Patent 5,865,791 relates to the reduction
of reglons of blood stasis and ultimately thrombus for-
mation in such regions, particularly in the atrial append-
ages of patients with atrial fibrlliation. Mare specifically,
the '791 patent relates to procedures and devices for
affixing the atrial appendages in an orientation that pre-
vents subsequent formation of thrombus. In the 791
patent, the appendage is removed from the atrium by
pulling on it and by putting & joop around it to form a
sack of the atrial appendage and then cutting it off from
the rest of the heart.

[0004] U.S. Patent 5,306,234 relates ta a method for
surgically closing the passage between the atrium and
the atrial appendage or severing the atrial appendage.
[0005] Other methods of treatment Include surgically
removing the atrlal appendages o prevent blood stasis
in the atrial appendages.

Summary of the Invention

(0006] The invention provides a membrane that sub-
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stantially prevents blood clots formed In the atrial ap-
pendages from exiting therefrom. Such clots may cause.
heart attacks, strokes and other emhoalic events if ak-
lawed to loave the atrial appendage and enter the blood-
stream. The membrane is permanently positioned
across the ostium of the atrial appendage by direct se-
curement means to the ostium or the atrial wall adjacent
the ostium.

[0007] The membrane effectively isolates blood clots
inside the left atrial appendage from leaving and enter-
ing the atrium. it may be larger than the ostium of the
appendage, and exiend over an area larger than the os- -
tium. The membrane may be percutaneausly delivered
to the ostium of the atrial appendage by a catheter and
then may be expanded for positioning across or overthe
ostium.

[0008] According to one embodiment, the membrang
is impermeable to blood flow. This membrane inhibits
thrombus in the left atrial appendage from exiting and-
entering the bloodstream. The membrane also prevents
Bblood from flowing into or out of the leftatrial appendage.
[0009] According to another embodiment, the mem-
brane itself is permeable to pemit blood flow across the
membrane. By allowing the such blood flow across the
memprane, the permeable structure minimizes any
prassure gradient between the atrial appendage and the
atrium in a controlled manner. Moreover, the permeable
membrane acts as a filter in allowing blood to flow

* across, but substantially inhibits the passage of th rom-

bus therethrough.

[0010] The permeable filtering membrane may even-
tually become infiltrated with cells. The permeable filtet- -
ing membrane allows such lissue growth which may be-
gin along the outer periphery of the structure. Such tis-
sue grawth minimizes uncontrolied loakage about the
periphery of the filtering membrane and may assist in
attachment of the filtering membrane across the ostlum
to tlssue surrounding the ostium. The filtering rmem-
brane may be coated or covered with an anticoagulant
or other compounds, such as, for example, heparin, ar
it may be treated to prevent thrombus from forming on
the filtering membrane surface, to extend its patency or
until it-Is infiltrated with cells and/or develops an en-
dothelial covering.

[6011] There are many means for securing the mem-
brane in position across the ostium of the atrial append-
age. Direct securement means for the membrane may .
be provided by a biocompatible adhesive applied be-
tween the membrane and the ostium or the atrial wall.
in this manner, the membrane can be adhered directly
to the tissue. In another embodiment, direct secu rement
is made by the use of staples, clips, sutures, wires,
barbs, prongs or other methods ot fixation which pass
through the tissue of the ostium of atrial wall. In yet an-
other embadiment, direct securementls achieved bythe
use of structure connected to the membrane which ex-
tends through the ostium and into the interior of the atial.
appendage and engages the interior of the atrial ap-



_ | 3 EP 1 433 437 A2 4

pendage, wherein the interior wall of the atrial append-
age may also include any portion of the ostium extend-
ing within the atrial appendage. The direct securement
means may provide a self-centering featurc for the

e e OEMbDCANE AboOUtThe appendage ostium.

Objects of the invention

[0012] it is an object of the invention to provide a
membrane between the atrium and atrial appendage to
prevent blood clots from flowing therebetween.
[0013] It is an abject of the inventlon to provide a
membrane which is permanently implanted between the
atrium and the atrial appendage by direct securement
to the astium or the atrial wall adjacent the ostium.
[0014] It is an object of the invantion to provide a
membrane between the atriurn and the atrial appendage
~ which Is impermeable to blood flow or the passage of
thrombus.
(0015} Itis an object of the invention to provide a fil-
tering membrane between the atrium and atrial append-
age to allow blood flow across the filter, e.g., to reduce
" any hemodynamic pressure differential therebetween.

[0016] itis an object of the invention to prevent blood,

clots from forming in the atrial appendage.
[0017] Itis anobject of the invention to position across
the ostium of the atrial appendage a non-thrombogenic,

- —-plocompatible -surface -that prevents blood clots from

forming. .

[0018] Itis an object of the invention 16 provide a per-
meable flitering membrane surface which may eventu-
ally become lined with endothelial or endocardial cells.
[0019] Itis an cbject of the invention to isolate the atri-
al appendage from the atrium proper with respect to the
passage of thrombus with a filtering membrane, while
allowing communication through which blood may flow.
[0020] Itis an object of the invention 1o minimally in-
vasively prevent blood clots from forming in the atrial
appendages and escaping therefrom.

[0021] Itis an object of the invention to prevent throm-
bus by use of heparin, other antithrombogenic sub-

stances, or other compounds on or eluted from the
membrane.

[0022] It is an object of the invention to ensure the
membrane is centered across or over the ostium of the
atrial appendage. o

[0023] It is an object of the invention to accurately
place the membrane across or aver the ostium of the
atrial appendage.

[0024] Other objects, advantages and novel features

——-=-of the-present invention will become apparent frem the

following detailed description of the invention when con-
sidered in conjunction with the accompanying drawings.
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Brief Description of the Drawings

(0025]

FIG. 1 Is a partial cross sectional view of a heart
showing a catheter entering the left atrial append-
age using a retrograde procedure from the aorta in
accordance with the inventlon.

FiG. 2 is a partial cross sectional view of a heart
showing a cathetar entering the left atrial append-
age using a transeptal procedure from the femoral
vein or superior vena cava in accordance with the
invention,

FIG. 3 is a partial cross sectional view of a heart
showing a catheter entering the right atrial append-
age from the jugular vein or optionally from the fem-
oral vein in accordance with the invention.

FiG. 4 is a partial cross sectional view of a portion
of a heart showing an atrium and its associated atri-
al appendage.

FIG. 5 is a partial cross sectional view of a delivery
catheter having a disk, a spring and membrane
therein in accordance with the Invention.

FIG. 6 is a schematic view of a disk, spring and
mernbrane after being expanded out of the delivery
eatheter of FIG. § in accordance with the inventlon,
FIG. 7 Is a partial cross sectional view of a portion
of a heart showing an atrium and its associated atri~
al appendage having a disk, a membrane and a
spring therebetween in accordance with the invaen-
tion. .

FIG. 8 is a partial cross sectional view of a portion
of a heart showing an atrium and its associated atri-
al appendage shown in a collapsed position in ac- '
cordance with the invention.

FIG. 9 is a partial cross sectional view of a pomon
of a heert showing an atrium and its associated atri-
al appendage having a disk, a spring, 2a membrane
and vacuum in the catheter in accordance with the
invention.

FIG. 10 s a partial cross sectional view of a portlon
of a heart showing an atrium and its associated atri-
al appendage showing an umbreliafoldedfor enter-
ing the atrial appendage in accordance with the in-
vention.

FIG. 11 is a partial cross sectional view of a portion
of a heart showing an atrium and its associated atri-
al appendage showing the umbrella opened in the
atrial appendage to secure the umbrella into the
wall of the atrial appendage in accordance with the
invention.

FIG. 12is a partial cross sectional view of a portion
of a heart showing an atrium and its associated atri-
al appendage showing the umbrella and membrane
positioned across the ostium of the atrial append-
age in accordance with the invention.

FIG. 13is a partial cross sectional view of a portion
of a heart showing an atrium and its associated atri-
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al appendage showing the atrial appendage re-
duced to a minimum volume by a disk and spring
squeezing the appendage against a membrane in
accordance with the invention.

FIG. 14 is a perspective view of another embodi-
ment of a filtering membrane and apparatus for in-
stalling the flitering membrane in accordance with
the invention. :

FIG. 15 is a sectional view of the filtering membrane
and apparatus illustrated in FIG. 14, in accordance
with the invention.

FIG. 16 is an enlarged view of a partion of the ap-
paratus of FIG. 15 in accordance with the invention.
FIG. 17 is a partlal crogs-sectional view illustrating

“ane early. stage ‘in the instaliation of the apparatus of

FIG. 14, in accordance with the invention.

FIG. 18 is a partial cross-sectional view similar to
FIG. 17, illustrating a |ater stage in the procedure in
accordance with the invention.

FIG. 19 illustrates another embadiment of the filter-
ing membrane and epparatus for installing the filter-
ing membrane in accordance with the invention.
FIG. 20 is an enlarged view of the fitering mem-
brane and apparatus lllustrated in FIG. 19in accord-
ance with the Invention,

FIG. 21 is a planar development of the apparatus
for attaching the filtering membrane illustrated In
FIGS. 19-20 in accordance with the inventian.
FiG. 22 is an enlarged perspective view of a portion
of the apparatus of FIG. 21, in accordance with the
invention.

FIG. 23 is a planar development of the epparatus
depicted in FIG. 21 in an expanded configuration,
in accordance with the inventlon.

FIG. 24 is a perspective view of the filtering mem-
brane and apparatus for attaching the filteringmem-
brane of FIG, 20, illustrated in an expanded config-

uration in accordance with the Invention.
FIG. 25 Is an elevationai view of an emhodiment of
the filtering membrane in accordance with the in-

‘vention.

FIG. 26 is an elevational view of another embodi-
ment of the filtering membrane in accordance with
the invention.

FIG. 27 is an elevational view of yet ancther em-
bodiment of the filtering membrane in accordance
with the [nvention.

FIG. 28 is an elevational view of a further embodi-
ment of the filtering membrane in accordance with
the invention.

FIG. 29 is a partial cross-sectional view illustrating
an early stage in the procedure of installing of the
filtering membrane of FIGS. 19-28 in accordance
with the invention.

FIG. 30 is a partial crass-sectional view similar to

‘FIG. 29 illustrating a later stage in the procedure tn

accordance with the invention.
FIG. 31 is a partial cross-sectional view similar to
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FIG. 30illustrating a still later stage in the procedure
in accordance with the invention.

FIG. 32 is a view similar to FIG. 31 illustrating an -
alternative embodiment of the apparatus illustrated
in FIGS. 19-283.

FIG. 33 Is a partial cross-sectional view similar to
FIG. 32 illustrating a later stage in the procedure in
accordance with the invention.

FIG. 34 is a partial cross-sectional view similar to

" FIG. 33 illustrating a still later stage in the procedu re

in accordance with the invention.

FIG. 35(a) illustrates an alternative embodiment of
the apparatus illustrated in FIGS. 19-20 in accord-
ance with the invention,

FIG. 35(b) illustrates the apparatus iliustrated in
FIG. 35(a) in an expanded configuration in accord-
ance with the invention.

FIG. 36 is a view similar to FIG. 35(b) illustrating
another embodiment in accordance with the Inven-

~tion

FIG. 37 illustrates yet another embodiment of tha
filtering membrane and apparatus for attaching the
filtering membrane in accordance with the inven-
ton. '

FIG. 38 is an elevational view taken from directlon
38 of FiG. 37 in accordance with the invention.
FIG. 38 is elevational view taken.from direction 39
of FIG. 37 in accordance with the invention.

FIG. 40 is a sectional view illustrating the apparatus
of FIGS. 37-39 along with additional apparatus in
accordance with the invention.

FIG. 41 is a partial cross-sectional view illustrating
a first installed configuration of the apparatus of
FIGS. 37-39 in accordance with the invention.
FIG. 42 is a partial cross-sectional view simllar to

" FIG. 41 illustrating a second installed configuration
. of the apparatus of FIGS, 37-39in accordance with

the invention.

FIG. 43 is a partlal cross-sectional view [llustrating
another embodiment of the apparatus in accord-
ance with the invention.

FIG. 44 illustrates a further embodiment of the ap-
paratus in accordance with the invention.

FiG. 45 is an end view of the apparatus of FIG. 44
in accordance with the invention.

FIG. 46 illustrates a still further embodiment of the
apparatus in accordance with the invention.

FIG. 47 ilustrates additionai apparatus for use with
the apparatus of FIGS. 44-46 in accordance with
the invention,

FIG. 48 is an enlarged sectional view of the appa-
ratus of FIG. 47 in accordance with the invention.
FIG. 45 Is a partial cross-sectional view of the ap-
paratus of FIGS. 44-45 illustrating an early stage in
the procedure In accordance with the invention.
FIG. 50 is a partial crass-sectlonal view similar to
FIG. 49 illustrating a later stage in the procedure in
accordance with the invention.
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FIG. 51 illustrates yet another embodiment of the

apparatus in accordance with the invention. '

FIG. 52 is an end view of the apparatus of FIG. 51

in accordance with the invention. '

FIG. 53 illustrates additional apparatus for use with

the apparatus of FIGS. 51-52 In accordance with

the invention.

FiG. 54 is an enlarged sectional view of the appa-

ratus of FIGS. 51 and 53 in accordance with the in-

vantion. K

FIG. 85 is-a-partial cross-sectional view of the ap-

paratus of FIG. 51 illustrating an early stage in the

procedure in accordance with the invention.

" FIG. 56 is a partial cross-sectional view similar to
FIG. 55 illustrating a later stage in the procedure in
accordance with the invention. )

FIG. 57 illustrates another embodiment of the ap-
paratus in accordance with the invention,

FIG. 58 illustrates yet another embodiment of the
apparatus in accordance with the invention.

FIG. 59 is a partial cross-sectional view of the ap- -

paratus of FIG. 57 illustrating an early stage in the
procedure in accordance with the invention.

FIG. 60 is a partial cross-sectional view similar to -

FIG. 59 illustrating a later stage in the procedure in
accordance with the invention.

FIG. 61 Is a simplified elevational view of another
embodiment of the membrane In accordance with
the invention.

FIG. 62 is a side view of the membrane taken from
direction 62 of FIG. 61, in accordance with the in-
vention. '

FIG. 63 is view in partial section of.the membrane

e Q- F| G 8- 61-62- illustrating a typical use in accard-

ance with the invention.

FIG. 64 is view in partial section of the yet another
embodiment of the membrane, lllustrating a typical
use in accordance with the invention.

FIG. 65 is a simplified elevational view of still anoth-
er embodirment of the membrane in accordance with
the invention.

FIG. 66 is a side view of the membrane taken from
direction 66 of FIG. 85, in accordance with the in-
vention.

FIG. 67 is view in partial section of the membrane
of FIGS. 65-66 illustrating a typical use in accord-
ance with the invention.

Description of the Preferréd Embodiments

[0026] Although atrial fibrillation may resuit In the

pooling of blood in the left atrial appendage and the ma- .

jority of use of the invention is anticipated to be for the
left atrial appendage, the invention may also be used on
the right atrial appendage and in genera! for placement
across any aperture in the body in which blood clots are

-~ =-—gubstantially-prevented from escaping from the cavity

and entering into the bloodstream.
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[0027] As shown in FIG. 4, a thrombus, blood clot, or
emboli 30 (collectively referred to as a thrombus) may
occur from pooling of blood in the left atrial appendage
13 due to poor circulation of blood therein when the pa-
tient experiences atral fibrillation. When biood pools in
the left atrial appendage 13, thrombus 30 can accumu-
Izte therein, bulld upon itself, and propagate out from
the left atrial appendage 13 into the left atrium 11, thus

“leaving the heart and entering the blood stream. Once

in the bloodstream, such thrombus can black blood flow
1o the heart, brain, other organs, or peripheral vessals
if tbecomes lodgsd in the arteries thereof. Hean attack,
a stroke, or ischemia may result.

[0028] To prevent thrombus 30 from forming in the laft
atrial appendage 13, or to prevent thrombus formed
therein from leaving and entering the blood stream
which may cause a heart attack, a stroke or ischemia,
a membrane 40 is permanently attached over or across
the ostium 20 of the atrial appendage 13. The mem-
brane 40 can be made of bicompatible materials, such
as, for example, ePFTE (e.g., Gortex®), polyester (e.g.,
Dacron®), PTFE (e.g., Teflon®), silicone, urethane,
metal fibers, or other biocompatible polymers.

[0029] For each of the embodiments described here-
inbelow, the membrane 40 may be substantially imper-
meable with respect to the flow of blood. Faor an imper-
meable membrane, neither blood nor thrombus is per-
mitted to flow through the membrane. As described
hereinabove, this structure prevents thrombus inside
the atrial appendage from entering the bloodstrearn and
causing heart attack, stroke, orischemia. The Imperme-

‘able membrane may be fabricated from materials de-

scribed above, such as polyurethane, polyester (e.g.,
Dacron®) , ePFTE (e.g., Gortex®) in textile, braid, or
substrate fonm. The impemeable membrane could also

be comprised of a combination of twa or more materials.

In some cases, the outer periphery of the membrane
may be supported by struts fabricated from metal (e.g.,
stainless steel or nitinol) or plastic, or by cells or braid.
(See, e.g., FIGS. 20, 22, 24, 50; 56). This additional
structure may provide additional securement of the out-
er periphery of the membrane againstthe atrial wall sur-
rounding the ostium in order to provide a leakproof seal.
{0030] According to another embodiment, each of the
membrane structures 40 described herein may alterna-
tively be substantially permeable with respectto the flow
of blood therathrough. The permeable membrane may
also act as a filtering membrane in that it will substan-
tially inhibit thrambus from passing therethrough. The
permeable filteing membrane may have pore sizes
ranging from about 50 1o about 400 microns. It is alsa
contamplated that the pores may also be larger or small-
er as indlcated by the circumstances, provided such
pores substantially inhibit thrombus from passing there-
through. The open area of the filteringmembrane is pref-
erably at least 20% of the overall surface area, atthough
a range of about 25-60% may be preferred. The struc-
ture of the filtering membrane is preferably a two-dimen-
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sional screen, a cellular matrix, & woven or non-woven
mesh, or the like. The flitering membrane may also be
a permeable metal or a metal mesh of fine fibers. The
filtering membrane may be coated or covered with an
anticoagulant, such as heparin, or another compound,
or treated to provide antithromogenic propertles.
[0031] The permeability of the filtering membrane, de-
scribed above, allows blood to flow therethrough while
blocking ar inhibiting the passage of thrombus, clots, or
emboli formed within the atrial appendage from entering
the atrium of the heart and, eventually, the patient's
bloodstream.

[0032} The characteristic of allowing the flow of blood
through the filterlng membrane provides several advan-
tages. For example, the left atrial appendage inherently
contracts during nonmal ¢ardiac function to force blood

* through the heart. These contractions result in blood

flow through the ostium of the left atrial appendage. Al-

lowing blood fiow through the filtering membrane sub-
stantlally reduces any pressure gradient that may exist
between the appendage and the atrium,

[0033] The reduction of the pressure gradient may be
helpful to the patient during recovery from the implanta-
tion of the filtering membrane structure in the atrial ap-
pendage. More particularly, the heart Is able to more
gradually adapt to the presence of the filtering mem-
brane when blood Is permitted to flow through the mem-

" brane, and consequently thraugh the ostium of the left

atrial appendage.
[0034] The filtering function may also reduce the risk
of leakage about the periphery of the filtering mem-
brane, or of dislodgement of the filtering membrane that

may result from the exertion of pressure against the sur- -

face of the filtering membrane. Allowing the biood flow
across the filtering membrane may relieve this pressure,
sufficiently and in a controlled manner, to reduce such
leakage or dislodgement. ‘
[0035] Tissue ingrowth may provlde additional se-

curement of the fiitering mernbrane to the ostium. More

particulaﬂy, the growth of tissue may occur along the’

outer periphery of the filtering membrane or supporting
structure adjacent the ostium. This tissue growth, in co-
operation with the pressure relief provided by the per-
meable structure, may provide additional means of re-
ducing leakage about the periphery of the filtering mem-
brane. Tissue growth may eventually cover additional
surface area of the filtering membrane.

f0036] The membrane 40 placed across or over the
ostium 20 should be antithrombotic. In order o make
the membrane antithrombotic, heparin or other antico-
agulants or antiplatelet agents may be used on the
membrane 40,

[0037] When permeable filiering membranes 40 are
used, an ingrowth of cells may eventually cover the
membrane with endothelial cells. The endothellal cells
present a smooth cellular wall covering the membrane
which prevents thrombosis from occurring at the mem-
brane.

10

15

20

25

30

35

{0

45

50

10 .

[0038] FIGS. 1 and 2 show across section of a human
heart showing a thrombus 30in the left atrial appendage-
13. The figures also show the atrial appendage ostium
20 which is to have a membrane 40 placed over it to
prevent the thrombus 30 from escaping out of the atrial
appendage 13 into the left atium 11 and thus into the
blood stream, which could cause a stroke, a heart attack
or ischemia.

[0039] FIG. 3 shows a cross section of a human heart
showing a thrombus 30 in the right atrial appendage 23.
The right atrial appendage 23 can be treated inthe same
manner as the left atrial appendage 13.

f0040] FIG. 4 shows a cross section of the left atrium
11, the ostium 20 and the left atrial appendage 13 having
a thrombus 30 therein.

[0041] FIG. 5 shows a delivery catheter 125 contain-
ing a collapsed membrane 40 and a coliapsed disk 130
connected to the membrane 40 by a spring 80 on cath-
eter 21. The disk 130 may be made of a flexible woven
metal or a flexible woven metal with a thin permeable
polymer sandwiched |nside. Disk 130 may also be a pol-
ymer weave. The disk 130 is flexible and compresses
or folds so it fits into the delivery catheter 125 and ex-
pands to its desired shape after release from the deliv-
ery catheter 125, Similarly, membrane 40 compresses
or foids to fit inta the delivery catheter 125 and expands
10 its deslred shape after release. Membrane 40 is larger
than the ostium 20. FiG. 6 shows tha membrane 40, disk
130 and spring 90 from FIG. 5 In an expanded configu-
ration outside of the delivery catheter 125.

[0042] FIG. 6 shows the spring 90 connecting the
membrane 40 and the disk 130 for urging themtogether.
In other embodiments an elastic tether or a tether with
teeth and a pawl on the membrane 40 to forrn a ratchet
can also be used to pull the membrane 40 and the disk
130 togsther. Since membrane 40 is larger than the os-
tium 20, the auter periphery of membrane 40 is in con-
tact with the atrial wall surrounding the ostium.

[0043] FIG. 7 shows the device of FIGS. 5 applied to
the left atrial appendage 13 having thrombus 30: After
the device Is applied, the spring 80 pulls the disk 130
toward the membrane 40, collapsing the left atrial ap-
pendage 13 and trapping the thrombus 30 therein as
shown in FiG. 8. The spring 90 secures the outer pe-
riphery of the membrane 40 in direct engagement with
the atrial wall surrounding the ostium 20. '
[0044] FIG. 9 shows an alternate embodiment of the
device in FIGS. 7 and B wherein the catheter 21 is
equipped with a vacuum 140 for sucking out blood and
thrombosis 30 found in the left atrial appendage 13. The
vacuum 140 will help collapse the left atrial appendage
13 such that spring 90 need notbe as large asin FIG. 7.
[0045] FIGS. 10-12 show anather embodiment of the
invention using an umbrella principle for securing the
membrane 40 against the ostium 20. FIG, 10 shows
closed umbrelia struts 160 entering the ostium 20 of left
atrial appendage 13, The membrane 40 is some dis-
tance back (rom the umbrella struts 160 at the bottom
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of the range of teeth 195 on pole 170. FIG. 11 shows
the umbrelia struts inside of the left atriat appendage 13
with the struts 160 open. Umbrella opening structure
175 on poie 170 pushes the struts out to the umbrella

““dpen position. Tha Urnbrella opening structure 175 can

be pushed to the open pasition.or have a spring loaded
mechanism to push the struts 160 to the open position.
The ends of the umbrella struts 160 engage the left atrial

appendage wall around the ostium 20 and prevent the '

umbrella from being withdrawn from the ieft atrial ap-
pendage 13. The ends of the umbreila struts 1680 that
engage the atrial appendage wall may be blunted or
have bulbs on the tips or have padding so as notte punc-
ture the left atrial appendage 13. FIG. 12 shows the out-
er periphery of membrane 40 drawn up against the atrial
wall surrounding the ostium 20 by ratcheting the mem-
brane along pote 170. The pawl mechanism 200 engag-
esteeth 195 on pole 170 and Is moved forward te snugly
position the membrane 40 across the ostium 20 such
that the outer pariphety of the membrane 40 is in direct
engagement with the atrial wall surrounding the ostium.
[0oa6] FIG. 13 shows the left atrial appendage 13
compressed such that the volume of the atrial append-
age is reduced to almost nothing. With the volume re-

- ducad the atrial appendage willnot have a large volume

of blood which can produce a thrombus. In the embod-
iment shown disk 130 and spring 90 pull the left atrial

““appendage 13 toward membrane 40. Although FIG. 13

shows the use of a disk 130 and spring 90 to act on the
left appendage, any method to reduce the volume of the
atrial appendage as much as possible may be used.
[0047] Asshown in FIG. 13the membrane 40 is much
larger than the ostium 20. The oversized membrane 40
may alternatively be used in all embodiments to ensure
that the ostium 20 is completely covared. The spring 90
secures the outer periphery of the membrane 40 in di-
rect engagement with the atrial wall surrounding the os-
tium 20. The membrane 40 has a structure which blocks
or substantiaily inhibits thrombus, clots or emboli from
entering the atrium, and eventually, the bloodstream of
the patient.

[0048] FIGS. 14-18 show anather embodiment of the
invention wherein the outer periphery of the membrane
40 is secured in direct engagement with the atrial wall
surrounding the ostium 20 by an expandable structure,
such as balloon structure 402, As illustrated in FIG. 15,
balloon structure 402 may be manufactured from poly-
meric materials or similar materials known in the art.

Tube 404 communicates with the internal cavity of bal- -
loon structure 402 for mtruducmg saline or other appro- -

prlate s fluid into the balloon structure 402. Membrane 40
is attached to tube 404 in any appropriate manner, such
as adhesive, sutures, or other means, and is provided
with an aperture 406 which permnits access to an end
portion of tube 404, which acts as a balloon intraduction
port 408 to allow tha intraduction of fluid into the bailoon
structure 402.

[0049] FIG. 14 also illustrates a structure for Introduc-
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ing fluid into the balloon structure 402, such as catheter
apparatus 410. Catheter apparatus 410 includes an out-
let port 412 atits distal end portion for ejecting fluid from
the eatheter apparatus 410. Outlet port 412 may be con-
nected 1o the balloon introduction port 408, which in turn
communicates with the intemal lumen of tube 404 and
the interior of balloon structure 402.

[0050] FIG. 15 illustrates the membrane 40, the bal-
loon structure 402, the tube 404, together with the cath-
eter 410 attached to the tube 404, in a compacted con-
figuration within a delivery tube 422. More particularly,
balloon structure 402 is in its collapsed state and mem-
brane 40 is flexible and compressed or folded to fit into
the delivery tube 422. Membrane 40 is designed to ex-
pand into a disc-like shape after release from tube 422.
FIG. 16 lllustrates the certain structures pertinent to the
interconnection of catheter 410 with tube 404. More par-
ticularly, outlet port 412 of catheter 410 may be provided

- with narrow tube 424 which is received within balloon

introduction port 408 and maintains a valve 426 in an
open position when outlet port 412 is connected to [nlet
port 408. When outiet port 412 is removed from balloon
introduction port 408, vaive 426 may close to prevent
fluid from leaving balloon structure 402, as shown In
FIG. 16. . ‘
[0051] Delivery tube 422 may be introduced inta the
venous or arterial system at an approptiate location, and
advanced to into the atrium of the heart with appropriate
steering and visualization apparatus (not shown).
[0052] FIG. 17 illustrates a later stage in the installa- .
tion procedure wherein the membrane 40, the balioon
structure 402, the tube 404, and the catheter 410 have
been advanced from the delivery tube 422 (not shown
in FIG. 17). The balloon structure 402 is positioned with-
in the left atrial appendage 13 such that the outer pe-
riphery of membrane 40 is positioned adjacent the atrial
wall surrounding the ostium 20. Fluid is subsequently
introduced into the catheter 410 which passes through -

" tube 404 1o expand the balloon structure 402, as Hlus-

40
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50

trated in FIG. 18. The balloon structure 402 expands
within the atrial appendage 13 and secures the mem-
brane 40 In position. The valve mechanism 426 (not
shown in FIG. 18) of balloon introduction port 408 pre-
vents the fluid from passing out of the balloon structure
402 when the catheter 410 is detached from the balloon
port 408 and subsequently removed from the atrium. As
described above, membrane 40 may have animperme-
able structure which prevents thrombus for exiting the
atrial appendage 13, but which also prevents blood flow
through the membrane 40. Membrane 40 may alterna-
tively be a permeable structure which allows blood to
flow therethrough but which blocks or substantially in-
hibits thrombi, clots or emboli from exiting the atrial ap-
pendage 13, and entering the bloodstream of the pa-
tient.

[0053] FIGS. 19-31 illustrate yet another embodiment
for attaching the membrane across the ostiumn 20 of the
left atrial appendage 13. FIG. 19 iliustrates the mem-
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brane 40, the attachment apparatus 440 for securing the

membrane 40 across the oslium 20 of the atrial append-
age 13, and catheter apparatus 442 for instafling the at-
tachment apparatus 440 and membrane 40. As FIG. 20
Hllustrates, attachment apparatus 440 and membrane 40
may be initially in a compacted configuration. Attach-
ment apparatus 440 is preferably an expandzable tubular
apparatus having an initial diameter 444 of about 1-3
mm and an initlal length 446 of about 0.5-6 ecm. Attach-
ment apparatus 15 preferably manufactured from a flex-
ible material such as stainless steel, nitinol, nylon, pal-
yester, PET, or polyethylene. Attachrment apparatus 440
may be expanded by an expansiaon structure, such as
balloon structure 452 or mechanical expansion struc-
tures 472 or 482. Altematively, attachmeant apparatus
440 may be self-expanding, such that it is narmally bi-
ased in an expanded position, such as that described
with respect to FIG. 24, and deployed in a constrained
position such as that described with respect to FIG. 20.
Apparatus for constraining the self-expanding appara-
tus is typically a tube.

[0054] Membrane 401s attached to attachment appa-
ratus 440 at the proximal end thereof, in a loosely fitted,
somewhat conical configuration and defines a central

- opening 448, which allows the catheter 450 of catheter

apparattis 442 to pass through membrane 40, as will be
described in greater detail herein. Alternatively, mem-
brane 40 may also caver a greater portion of the length
445 of the attachment apparatus 440, or membrane 40
may cover the entire attachment apparatus 440 in a sub-
stantially sock-like fashion. Membrane 40 may be fabri-
cated from a materlal that also has elastic characteris-
“tics which may éXpénd from a first size to a second size.

[0055] Catheter 450 supplies expansion fluid, such as
saline or contrast medium, into expandable-structure,
such as balloon structure 452, which is positioned within
the interior lumen of attachment apparatus 440 in order
to radially expand attachment apparatus 440 when itis
positioned within the atrial appendage 13. Balloon struc-
ture 452 may include a distal, atraumatic tip portion 454,
e.g., a flexible helical coil or =aft plastic tip.

[0056] FIGS. 21 and 23 illustrate planar develop-
ments of attachment apparatus 440. The structure of at-
tachment apparatus 440 preferably allows tha length
446 of the apparatus in its initial configuration (FIG. 21)
to remain substentially constant with respect to the
length 456 in its expanded configuration (FIG. 23). In
order to achieve this expansion while maintaining sub-
stantially constant length, attachment apparatus 440 is
pravided with a configuration having several serpentine
segmaents 458, 460, and 462. Adjacent sarpantine seg-
ments are interconnected by a plurality of longitudinal
struts, e.g., rings 457 and 460 are interconnectad by
struts 464 and rings 460 and 462 are interconnected by
_struts 4686. A plurality of members 470 at the distal end
portlon ‘of api;fa?éihs 440 may provnde an attachment
point for the membrane 40. More particularly, radial
members 471 are configured to extend radlally outward
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(FIG. 22) to provide a location for attachment of the outer
periphery of membrane 40 and 1o provide a surface for.
attachmentto the atrial wall. As will be described herein,
radial members 471 may be expanded to the radially
outwanrd configuration by an expansion member such as
a balloon. In oane embodiment, the materials or thick-
ness of members 471 may be selected in order 1o allow
members 471 to expand to a greater extent than the rest
of the attachment member 440. Altematively, members
471 may be fabricated from a self-expanding material,
such as, e.g., nitinol, whereln members are normally bi-
ased in the radially outward configuration.

[0057] FIG. 24 illustrates attachment member 440 In

.anexpanded configuration, wherein length 456 remains

substantially constant with respact to the length 446 of
the configuration illustrated in FIG. 30. Diameter 472 is
substantially larger than diameter 444 (FIG. 20) in order
1o secure itself against the interior of the atrial append-
age 13 and to secure membrane 40 in direct engage-
ment with the atrial wall surrounding the ostium 20, as
will be described herein. Members 471 extend radially
outward, and provide structure to the outer periphery of
membrane 40.

[0058] FIGS. 25-28 illustrate several embodiments of
the membrane 40. As described above, catheter 450
passes through opaning 458 in membrane 40 in order
to supply expansion fluid to expandable balloon struc-
ture 452. After balloon structure 452 has expanded the
attachment apparatus 440 to the expanded configura-
tion lilustrated in FIG. 24, it may be necessary to remove
balloon structure 452 by passing the balloon structure
452 proximally through membrane 40, and more partic-
ularly, through opening 458. The embodiments of mem-
brane 40 illustrated in FIGS. 25-28 may facilitate the .
passage of balloon structure 452, or other interventional
devices therethrough.

[0059] FIG. 25 illustrates membrane 40a having a
composite construction comprising filtering section
474a and elastic section 476a. Thefiltering section 474a
is fabricated from a filtering material that provides the
function of filtering the blood to allow the blood to pass
therethrough while blocking or substantially inhibiting
the passage of clots, thrombus or embgli therethrough,
as described above. The elastic section 476a is fabri-
cated from an elastic material, e.g., silicone, urethane
or other similar material, that stretches to enjarge open-
ing 458a to allow the balloon structure 452 or other in-
tervention devices, such as, e.g., wires, catheters or the
like, to pass therethrough and to subsequently returnto
its initial size. The Initlal size of aperture 458a provides
similar characteristic to inhibit clots, thrombus or emboll
from passing through 458a as filtering material of filter-
ing section 474a. In this configuration, elastic material
476a extends substantially across the entire diameter
472a of the membrane 40a.

{0060] Membrane 40b (FIG. 26) is constructed with a
filtering seclion 474b (i.e., the same material as filtering
section 474a) and an elastic sectlon 476b (i.e., the same
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elastic material as elastic section 478a). In membrane
40D, the filtering section 474b substantially concentri-
cally surrounds the elastic section 476b. The elastic sec-
tion 476b is provided with an opening 458b that expands
to allow the balloon structure 452 or other interventional
devices to pass therethrough and to return to initial size
in order to provide substantially the same characteristic
of Inhlbiting the passage of thrombus, clots and emboli
fram passing therethrough as the filttering material of the
filtering section 474b.

[0061] Membrane 40c (FIG. 27) is constructed with a
filtering section 474c (i.e., the same material as filtering
section 474a) and an elastic section 476¢ (i.e., the same
elastic matarial as elastic sectlon 4763). In membrane
40c, the filtering section 474¢ substantlally concentrical-

--{y-SUrrounds an-elastic section, such as substantially el-

liptical section 476¢. The elastic section 476¢ Is provid-
ed with an aperture, such as a slit 468¢ that expands to
allow the balloon structure 452 or other interventional
" devices to pass therethrough and to return to initial size
to provide substantially the same characteristic of inhib-
iting the passage of thrombus, clots and emboli from
passing therethrough as the filtering material of the fal-
taring saction 474b.
[0062]
from the same material as filtering section 474a, above,
in several sections, such as sectlons 475d and 477d,
which overlap at region 479d 1o form an opening there-
through for balloon structure 452 or other interventional
devices. [t is further contemplated that three or more
sections of filtering material may be used in an overlap-

ping configuration, in @ manner similar to, for example,

the "aperture” configuration of an optical device. The
balloon structure 452 may be passed through the open-
ing between sections 475d and 477d. After the balloon
structure 452 is removed, the overlapping structure sub-
stantially closes the opening and provides substantially
the same characteristic of inhibiting the passage of
--—thrambus, clots-and emboli from passing therethrough
as the flltering material of the filtering sections 475d and
477d. .
[0063] FIGS.29-31 iliustrate the procedure for install-
ing attachment apparatus 440 and membrane 40 in the
atrial appendage 13. In an initial step (FIG. 29), bailoon
structure 452, along with attachment apparatus 440 are
inserted into the atrial appendage 13 in its initial, com-
pact configuration. [n FIG. 30, expanston fluid is passed
through catheter 450 and exits through port 453 to fill
the interior of balloon structure 4562, Balloon structure
452 expands, thereby radially enlarging attachment ap-
paratus 440, as described with respect to FIGS. 21-24,
above. In a preferred embodiment, proximal portlon 455
of balioon 452 is constructed 10 expand to a greater ex-
tent in order to deflect members 471 radially- outward.
Altematively, mambers 471 may be constructed to ex-
pand to a greater extent than the rest of the attachment
member 440 when expanded by bafloon 452. In another
embodiment, members 471 may be fabncated from a

Membrane 40d (FIG. 28) may be fabricated
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self-expanding material, such as, e.g., nitinol, wherein
members 471 are normally blased in the radially out-
ward configuration. Consequently, the outer periphery
of membrane 40 is expanded to be in direct contact with
the atrial wall surrounding the ostium 20. Members 471
provide additional support to provide a good seal with
the edge of the membrane 40.

[0064] Asillustratedin FIG. 31, attachment apparatus
440 engages the interior of the atrlal appendage 13,
thereby securing the membrane 40 in position across
the ostium 20, such that the outer periphery of mem-
brane 40 is in direct engagement with the atrial wall sur-
rounding the ostiurm 20. Balloon structure 452 may be
removed from the atrial appendage 13 by retuming the
balloon structure 452 to its initial compact configuration
{(e.g., by draining the expansion fluid therefrom) and
withdrawing the balloon structure proximally through
opening 458, As described above with respect to FIGS.
25-28, the membrane may be fabricated with an elastic
portion which expands to permit the withdrawal of the
balloon structure therethrough, and which subsequently
reduces in size to inhibit the passage of thrombi, ¢clots
and emboli therethrough into the atrium. The catheter
structure 442 may be subsequently rermoved from the
patient. Aiternatively, the balleon structure 452 may re-
main within the atrial appendage 13 following expansion
of attachment apparatus 440 and subsequent return of
the balloon structure 452 to its initial compact configu-
ratlon. For example, catheter 450 may be detachable
from balloon structure 452 in a manner similar to the
configuration of catheter 410 and tube 404 (FIG. 16).
Altarnatively, attachment staucture 440 may be manu-
factured from a seif-expanding material, such as nitinol, -
wherein attachment structure is nomally biased in' a
conflguration such as that shown in FIG. 24. In order1o
install the attachmient structure 440 within the atrial ap-
pendage 13, the attachment structure 440 may be con-
strained in a tube. The attachment structure 440 may
subsequently be deployed from the tube and permitted
to self-expand to a configuration similar to that shown
in FIG. 31.

[0065] FIGS. 32-34 illustrate another embodiment of
the invention. Attachment apparatus 460 and balloon
apparatus 462 are substantially the same as attachment
apparatus 440 and balloon apparatus 452, described
hereinabove, with the differences noted hetow, Attach-
ment apparatus 460 may be provided with a plurality of
engagement members 464, such as prongs, hooks, or
the like, in ordar to engage and/or pierce the wall of the
atrial appendage to provide additional securement of
the attachment apparatus 460. Balloon structure 452
may be used in connection with attachment apparatus
480. Alternatively, balloon structure 462 may be provid-
ed having a distal end portion which is configured to ex-
pand to a greater extent than the proximal portion there-
of (FIG. 33). This greater expansion of the balloon struc-
ture 462 provides additional force in the area of the en-
gagement members 464 to drive them into the wall of
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the atrial appendage 13 (FIG. 34).

[0066] FIGS.35-36 illustrate additional embodiments
of expandable structures for radially enlarging the at-
_.tachment apparatus 440_(or 480) within the atrial ap-
pendage. Instead of, or in addition to balloon structures
(such as balloon structure 452), itis also contemplated
that mechanical expansion structures may be particu-
larly useful. FIGS. 35(a)-(b) lllustrate a mechanical ex-
pansion structure 472 which may be used ta radially ex-
pand attachment apparatus 440, As shown in FIG. 35
(&), mechanical expansion structure 472 may have a
compact configuration wherein a plurality of contact
members 474 define a diameter 476 that enables the
structure to be inserted within the attachment apparatus
440, As illustrated in FIG. 35(b), mechanical expansion
structure 472 alsc has an expanded configuration,
wherein contact members 474 are further spaced apart
to define a larger diameter 477 which radially enlarges
the attachment apparatus to the configuration illustrated
in FIGS. 21-24 and 30-31. A linkage configuration may

include linkage members 478 and sleeve 479. Sleeve

479 Is provided with internal threading (not shown)
which engages external threading 480 on & portion of
drive screw 481, Angular rotation of drive screw 481 (as
indicated by the arrow) provides longitudinal movement
of sleeve 479 which cooperates with linkage members

. ;.m-..‘*...,,478..to.contmllebly.move.the,contacl members 474 be-

tween the compact and expanded configurations.

[0067] FiG. 36 lllustrates mechanical expansion
structure 482, which is substantially identical to me-
chanical expansion structure 472. Sleeve 489 interacts
with linkage members 478 to controllably move contact
members 474, as described abeve with respect to

sleeve 479. Sleeve 489 is longitudinally slidable with re- .

spectto elongated member 491. A locking structure (not
shown) may also be providedto fix the position of sleeve
489 (and thus contact members 474) with respect 1o
elongated member 491.
[0068] Mechanical expansion structures 472 and 482
may remain in the atrial appendage 13 following the ex-
pansion of attachment apparatus 440 (or 460). A portion
of the drive screw 481 or elongated member 431 may
be detachable from the expansion structures 472 or
482, respectively (not shown). Alternatively, apparatus
substantially similar to mechanical expansion structures
472/482 may be useful as supporting structures for
membrane 40. According to this embodiment, mem-
brane 40 may be attached to an end portion of structure
472/482, e.g., by attaching membrane 40 to end por-
--tions-of contactmembers 474 or by substantlally enclos-
ing contact members 474 and linkage members 478.
The structure 472/482 may be positioned in the atrial

appendage 13 and expanded as described abava, such -~

that membrane 40 extends across the ostium 20 to allow
blood to pass therethrough while inhibiting the passage
of thrombus through the membrane 40. Drive screw 481
or elongated member 491 may be subsequently de-
tached from the apparatus 472/482.
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[0069] FIGS. 37-39 lilustrate another ambodiment of
the invention. Membrane 40 may be installed inthe atrial _
appendage 13 and held therein by attachment appara-
tus 500, which preferably consists of a pair of flexible
wire portions 502a and 5020, which are preferably con-
structed of a material such as nitinol or Elgiloy or stain-
less steel and having a wire diameter of approxirnately .
005 to .020 inch. Each wire portion 502a/502b may In-
clude a curved portlon 504a/504b, a pair of support
members 506a/506b and a plurality of engagement
mermbers 508. The curved portions 504a/504b define a
substantially closed portion for mounting the membrane
40. The membrane 40 is attached with sutures, adhe-
slve, or other appropriate means. The engagement
members 508 are configured to engage the interior of
the atrial sppendage 13 to secure the membrane 40 in
positlon across the astlum 20, as will be described here-
in. The engagement members 508 may be provided with
atraumatic end portions 510.

[0070] FIG. 40 illustrates attachment apparatus 500
and membrane 40 in a compacted configuration for in-
staliation in the atrial appendage 13. Preferably, a de-
livery catheter apparatus 520 is used {0 introduce the
attachment apparatus 500 and membrane 40 to the atri-
al appendage. The curved portions 504a/504h are de-
flected proximally toward paralielism with-the longitudi-
nal axis of the catheter 520, and the engagement mem-
bers 508 are deflected distally toward parallelism with
the longitudinal axis. An inner member 522 is slidably
recelved within the Interior of catheter 520 and may be
maved relatively longitudinally with respect to catheter

' apparatus 520 in order to deploy and install the attach-
_ment apparatus 500 and membrane 40.

[0071] FIGS. 41-43 lllustrated several options for in-
stalling the membrane across the ostium 20. As illustrat-
ed in FIG. 50, the curved portions 504a/504b are posi-
tioned within the walls of the ostlum 20 itself. The en-
gagement members 508 provide addltional support by
engaging the interior of the atrial appendage. Altemna-
tively, the curved portions 504a/504b are positioned out-
side the ostium within the atrium. Engagement mem-
bers 508 retain the outer pariphery of membrane 40 in
direct engagement with the atrial wall surrounding the
ostium 20. According to yet another alternative embod-
iment, engagement member 508 are provided with
sharpened barb end portions 512 which engage and/or
pierce the wall of the atrial appendage to secure the
membrane in position (FIG. 43).

[0072] FIGS. 44-45 flustrate another embodiment of
the invention. Attachment apparatus 650 provides a first
plurality of strut wires 652 that extend distally and radi-
ally outward from & support ring 654 toward the distal
end portion 656 of the attachment apparatus 650, and
a second plurality of strut wires 858 that extend proxi-
mally and radially outward from support ring 654 toward
the proximal end portion 660. The strut wirea 652/658
may be constructed from an alloy, such as nitinol, having
shape memory characteristics. The support ring 654
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maintains the strut wires B52/658 in the proper configu-
ration and may be made of radiopaque materials, such
as, e.g., platinum to provide fluoroscopic imaging of the
device position. The strut wires 652 may be provided
with barbs 662 or other methods for attachment 1o the
interior of the atrial appendage. The struts 652/658 are

configured to engaga the walls of the ostium on the inner

and outside sides thereof, respectively.

[0073] The strut wires 658 may serve as a membrane
mounting structure. The membrane 40 is attached to
strut wires 658 and provides the characteristics de-
scrined above. In one embodiment, the membrane 40
is permeable wherein blood Is allowed to pass through
the membrane 40, but thrombi, clots, and emboli are in-
hibited from passing therethrough. Alternatively, the
membrane 40 may be impenneable to the flow of throm-
bus as well as blood. The membrane 40 may be con-
nected to the strut wires 602 using adhesive, sutures,
encapsulation or other means.

[0074] Another embodiment of the invention is illus-
trated in FIG. 46. Atachment apparatus 670 is con-
structed of braided or woven mesh material rather than

- the Strut wires-652/658 described with respect te FIGS.

44-45, The distal portion 672 is configured to engage
the wall of the atrial appendage adjacent the inner por-
tion of the ostium, and the proximal portion 676 is con-
figured to engage the outer portion of the ostium, and
the neck portion 674 Is disposed therebetween. The
braided or woven self-expanded mesh material of at-
tachment apparatus 670 has similar filtering character-
istics as membrane 40, or altematively, a membrane is
attached to the mesh material to provide those charac-
teristics.

- [0075] FIGS. 47-48 illustrate apparatus for delivering
and installing the attachment apparatus 650 and mem-
brane 40 and/or attachment apparatus 670. The cathe-
ter apparatus 620 includes an outer sheath 622 and an
inner member 624 slidably received within the interior

" of outer sheath 622, The outer sheath 622 and inner
member 624 may be fabricated from materials, such as

' polymers, that are sufficiently flexible to negotiate the
anatommy, yet sufficlently rigid for relative longitudinal
movement to deploy and position the attachment appa-
ratus 600. Inner member 624 may have a distal end por-
tion 626 and a shoulder portion 628. Strut wires 652 of

-=-e---—apnaratus 650-(or distal portions 672 of apparatus 670)

are deflected distally toward parallelism with the longi-
tudinal axis of the catheter device 620 and retained in

the deflected configuration by the outer sheath 622. -

Similarly, strut wires 658 (or proximal portions 676) are
deflected proximally toward parallelism with the longitu-
dinal axis and retained in this configuration by the outer
sheath 622. In orderto deploy the attachment apparatus
600, the outer sheath 6§22 is moved longitudinally refa-
tive to the inner member 626. The shoulder poition 628
retains the attachment apparatus 650/670 in position.
Upon retraction of the outer sheath 622, the shape
memory characteristics of the strut wires 652/658 (or
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[0079)

20

portions 672/676) cause the apparatus to return to a
shape approximating that of FIG. 44 (or FIG. 46).
[0076] FIGS. 49-50 illustrate the installation of aitach-
ment apparatus 650/670 and membrane 40 In greater
detail. As illustrated in F1G. 49, the catheter device 622
is advanced partially within the atrial appendage 13. The
outer sheath 622 may be retracted proximally, which
permits the strut wires 652 to extend radially outwardly.
The physiclan may use the radiopaque characteristics
of the ring 654 in order to properly pasitlon the ring 654
within the ostium 20. Further proximal retraction of the
outer sheath 622 allows the distal strut wires 652 and
the proximal strut wires 658 to extend radially outward
and engage the interior of the atrial appendage 13 (FIG.
50). The barbs 662 may engage and/or pierce the wall
of the atrial appendage to provide increased stability of
the attachment apparatus 600. The membrane 40 is
consequently positioned across the ostium 20 such that
the outer periphory of membrane 40 Is secured in direct
engagement with the atrial wall surrounding the ostium.
in one embodiment, the membrane 40 is impermeable
and does not permit blood or thrombus to flow, whereas
afiltering membrane may be used to allow biood to pass
through the membrane, while substantially inhibiting
thrombi, clots, and emboli from exiting the atrial append-
age 13. Struts 658 pravide additional securement in or-
der to maintain a leakproof seal between membrane 40
and the atrial wall surrounding the ostium 20.

[0077] FIGS. 51-52 illustrate yet another embodiment
of the invention. Attachment apparatus 700 provides a
plurality of strut wires 702 that extend radially outward
from a support ring 704. A first portion 706 of each strut
wire 702 extends towards the proximal end portioen 708
of the attachment apparatus 700, and a second portion
710 of each strut wire 702 extends towards the distal
end portion 712. The distal portion 710 of each strut wire
702 may be provided with a sharpened barb tip 714 or
other methods for attachment to the interior of the atrial
appendage. The strut wires 702 are constructed from
an glloy, similar to material -used for strut wires 602,
above. The support ring 704 maintains the strut wires
702 in the proper configuration and is substantially sim-
ilar to support ring 604, above. The proximal portions
706 and distal portions 710 of strut wires 702 are con-
figured to engage the walls of the ostium on the outer
and inner sides thereof, respectively.

[0078] The membrane 40 is attached to proximal por-
tions 708 of strut wires 702 and may providas the filter-
ing characteristic described above, wherein blood is al-
lowed to pass through the membrane 40, but thrombi,
clots, and emboll are inhibited from passing there-
through. Alternatively, membrane 40 may be imperme-
able to both blood and thrombi. The membrane 40 may
be connected to the strut wires 702 using adhesive, su-
tures, encapsulation or other means.

FIGS. 53-54 illustrate apparatus for delivering
and installing the attachment apparatus 700 and mem-
brane 40. The catheter apparatus 620 is described
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above with respect to FIGS. 47-48. Strut wires 702 are
defiected towards parallelism with the longitudinal axis
of the catheter device 620 and retained in the deflected
configuration by the outer shaath 622._ In order to deploy
the attachment apparatus 700, the outer sheath 6§22 is
moved longitudinally relative 1o the inner member 626.
“The shoulder portian 628 retains the attachment appa-
ratus 700 in poslition. Upon retraction of the outer sheath
622, the shape memory characteristics of the strut wires
702 causes the apparatus to resume the shape approx-
imating that of FIG. 51. '
[0080] FIGS. 55-56illustrate the installation of attach-
mentapparatus 700 and membrane 40 in greater detail.
As illustrated in FIG. 55, the catheter device 622 is ad-
vanced partially within the atrialappendage 13. The out-
er sheath 622 may be retracted proximally, which per-
mits the distal portions 710 of strut wires 702 to extend
radially outwardly, Further proximal retraction of the out-
er sheath 622 allows the distal portions 710 to engage
the interior of the atrlal appendage 13 and the proximal
portions 706 to engage the outer portion of the ostium
20 (FIG. 586). Struts 706 provide additional securement
in order to maintain a leakproof seal between membrane
40 and the atrial wall surrounding the ostium 20. The
barbs 714 may engage and/or pierce the wall of the atrial
appendage to provide Increased stability of the attach-
ment apparatus 700. The membrane 40 is consequently
positioned across the ostium 20, such that the outer pe-
riphery of the membrane is secured in direct engage-
“ment with the atrial wall surrounding the ostium 20.
Struts 706 provide additional securement of the mem-
brane to the atrial wall 10 provide a leakproof seal. A

court order should be obtained in order to allow blood

10 pass through the membrane, while substantially in-
hibiting thrombi, clots, and emboll from exiting the atrial
appendage 13.

[0081] FIGS. 57-58 illustrate additional embodiments
of the invention. Attachment spparatus 750 includes a
plurality of strut wires 752 that extend radially outward
and distally from a support member 754 towards the dis-
tal end portion 756. Each strut wire 752 may be provided
with a sharpened barb tip 758 or other methods for at-
tachment to the interior of the atrial appendage. The
strut wires 702 are constructed from an alloy, similar to
the material used for strut wires 602, above. The suppart
member 754 maintains the strut wires 752 in the desired
configuration.

[0082] The proximal end portion of support member
754 supports a curved membrane mounting structure
760 that defines a substantially closed curve. The mem-
brane 40 is attached to membrane mounting structure
760 and may_provide the flltering characteristic de-

the membrane 40, but thrombi, clots, and embali are in-
hibited from passing therethrough. The membrane 40
may alternatively be impemmeable to blood flow and the
passage of thrombi. The membrane 40 may be connect-
ed to the membrans mounting structure 760 using ad-
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hesive, sutures, encapsulation or other means.

[0083] The attachment apparatus 770, illustrated in-
FIG. 58 is substantially identical to attachment appara-
tus 750, with the differences noted herein. Forexample,
the proximal end portion of support member 754 sup-
ports a membrane mounting structure 772 having a spi-
ral configuration, The membrane 40 is attached to spiral
mounting structure 772 substantially as described
above with respect to membrane mounting structure
760, above. The spiral configuration may, e.g., assist In
reducing the mounting structure to a compacted config-
uration durng installation. :

[0084] FIGS.58-60illustrate the installation of attach-
ment apparatus 750 (or 770).and membrane 40 in the
atrial appendage 13. Catheter apparatus 780 is provid-
edfor delivering and instaliing the attachment apparatus
750 and membrane 40. The catheter apparatus 780 is
similar to catheter apparatus 620 described above with
respectto FIG. 55. Catheter apparatus 780 includes an
outer sheath 782 and an inner member 784. Inner mem-
ber 784 preferably has an engagement surface 785 on
a distal'end portion thereof. During installation, stnut
wires 752 are deflected towards parallelism with the lon-
gitudinal axis of the catheter device 780 and retalned In
the deflected configuration by the outer sheath 782 (not
shawn [n FIG. 59). Similarly, the membrane mounting
portion 760 (or 772) is folded, roiled or otherwise com-
pacted inside outer sheath 782 as illustrated in FIG. 59.
[0085] In order to deploy the attachment apparatus
750, the catheter device 780 is advanced partially within -
the atrial appendage 13. The outer sheath 782 may be
retracted proximally, which pemits the strut wires 752
to extend radially outwardly due to its shape memory
characteristics, as shown. The inner member 784 re-
tains the attachment apparatus 750 in position.

[0086] As illustrated in FIG, B0, further proximal re-
traction of the outer sheath 782 allows the strut wires

752 to extend radially outward and engage the interior

of the atrial appendage. The barbs 758 may engage -
and/or pierce the wall of the atrial appendage 1o provide
increasad stability of the attachment apparatus 700. The
membrane mounting structure 760 (or 772) is likewise
permitted to returmn to its disc-like configuration, such
that membrane 40 is positioned across the ostium 20
such that the outer periphery of the membrane 40 is se-
cured in direct engagement with the atrial wall surround-
ing the ostium. The membrrane 40 may be pemeable in
order to allow blood to pass through the membrane,
while substantally inhibiting thrombi, clots, and embali
from exiting the atrial appendage 13. Alternatively, the
membrane 40 may be impermeable to blood flow and
the passage of thrombus.

[0087] FIGS. 61-67 illustrate additional embodiments
of the invention wherein membrane 40 is sized to cover
the ostium 20 of the atrial appendage and secured in
direct engagement with the atrial wall surrounding the
ostium. Membrane 40 is thus provided with a diameter
or other dimension that is larger than the diameter or
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corresponding dimension of the ostium 20 in order to
entirely cover the ostium. More particularly, membrane
490 defines an outer periphery which is secured in direct
engagement with the ostium or the atrial wall surround-
ing the ostium,.

[0088] As illustrated in FIGS. 61-62, membrane 40 ig
provided with a plurality of engagement members 400,
which may be attached ta and positioned about the outer
periphery of membrane 40,and which may have shank
portions 402 and barbed free ends 404 which in this
case may extend radially outward from the engagement
members 400.

[0089] Asshownin FIG. 63, membrane 40 is installed
to cover ostium 20. Engagement members 400 pierce
the wall of the ostium 20 or the atrial wall surrounding
the ostium to attach the membrane 40 directly to the os-
tium 20 or the atrialwall surrounding the ostium. Barbed
free ends 404 prevent the engagement members 400
from being withdrawn from the wall, and assists in se-
curing the membrane 40 in position as shown in the FIG.
Membrane 40 has a structure which blocks thrombus
from leaving the atrial appendage and entering the

"bloodstream. A filtering permeable membrane may al-

ternatively be used, which allows blood to flow through
while substantially inhibiting thrombus.

{0090} FIG. 64 illustrates another embodimentwhere-
in the membrane 40 covers the ostium 20 of the atrial

appendage 13. A biocompatible tissue adhesive 420, -

such as fibrin glue or cyanoacrylate or a similar material,
may be applied about the outer periphery of the mem-
brane and used 1o attach the membrane 40 directly to
the ostiurn 20 or the wall of the atrium surrounding the
ostium 20. Membrane 40 blocks thrombus fram leaving
the atrlal appendage and entering the bloodstream. A
filtering permeable membrane may alternatively be
used, which allows blood to flow through while substan-
tially inhibiting thrombus.

[0091] FIGS.65-66 illustrate still another embodiment
of the invention wherein membrane 40 is provided with

“aplirglity of éfigagement members 430. Each of an-

gagementmembers 430 is mounted about the periphery
of membrane 40, and has an elongated shank pottion
432 that extends distallyiongitudinally and a barbedfree
end 434 that may extend radially outward from the elon-
gated shank portion 432. Shank portion 432 is substan-
tially longer than shank portions 402 described above
with respectto FIGS. 61-63. Engagement members 430
define a spacing 438, or the distance between apposite
engagement members 430, exclusive of the radial pro-
jection of the barb-like free ends 434, that is simillar in
size 10 the interior dimensions of the ostium 20. This
spacing 436 betwean engagement members 430 locat-
ed on oppasite sides of the membrane 40 provides the
feature of centering the engagement members within
the interior of the ostium 20 and the atrial appendage 13.
[0092] Asshownin FIG. 67, membrane 40 is installed
to cover ostium 20. Elongated shank portions 432 ex-
tend a distance into the ostium 20 or the atriail append-
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age 13 and assist In centering the membrane 40 within
the ostium 20. Barbed froe ends 434 engage the interior
wall of the atrial appendage 13 to prevent the engage-
ment members 430 from being withdrawn from the walil,
and secure the membrane 40 in direct engagehent with
the ostium 40 or the atrial wall surrounding the ostium
40 as shawn in the FIG. Membrane 40 has a structure
which blocks thrombus from leaving the atrial append-
age and entering the bloodstream. A filtering permeable
membrane may alternatively be used, which allows
blood to flow through while substantially inhibiting
thrombus.

[0093] The devices described above may be percuta-
neously delivered to the left and rlght atrial appéndages
13, 23 respcctively. The devices may have materlals in
them which enhance visualization or imaging by ultra-
sound, x-ray or other means making it easier for the de-
vice to be implanted and accurately centered with re-
spect to the ostium 20 of the atrial appendage 13. This
may consist of small beads placed strateglcally on the
membrane, the connecting elements, or on the anchors.

" Referring to FIG. 1 catheter21 is seen entering the hoart

by way of the aorta 12 to the left ventricle 16 passing
through the mitral valve 17 and then entering the left
atrial appendage 13 to apply the membrane 40 in one
of the embodimants as disclosed above. In FIG. 2 the

" catheter 21 enters the heart fromn the femoral vein, pass-

es. through the inferior vena cava 18 to the right atrium
and then passes through the fossa ovalis 19 or through
the septum 29 Into the left atrium 11 and then approach-
es the left atrial appendage 13 to apply the membrane
40 thereto. FIG. 3 shows the catheter 21 being applied
to the right atrial appendage 23. Catheter 21 may enter
the heart thraugh the jugular vein 28 or the femoral vein
1o the inferior vena cava 18. ¢

[0094) Itis understood that the invention may be prac-
ticed with numerous means of attaching the membrane
40 across the ostium 20 of the atrial appendages 13 and
23. All of the above embodiments shown and discussed
for the left atrial appendage 13 are also useable on the
right atrial appendage 23. Any combination of the at-
tachment means with adhesives, prongs, cylindrical
structures, anchors, disks, tethers or springs may be
used, The membrane may penetrate the atrial append-
age and provide a means to securely lock the mem-
brane device into place. If permeable characteristics are
preferred by the physician, other means of providing a
membrane for allowing blood flow therethrough and
substantially inhibiting blood clots from exiting out of the
atrial appendages not listed herein may also be used.
[0095] Obviously, many modifications and variations
of the present invention are possible in light of the above
teachings. It is therefore to be understood that, within

"the scope of the appended clalms, the inventlon may be

practiced otherwise than as specifically described.’
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Claims

1.

2.

Apparatus for attachment aver an ostium of a left
atrial appendage in a patiant, comprising:

a membrane configured to extend overthe os-
tlum of the leftatrial appendage, the membraneg
having an outer perlphery with a dimension
larger than a corresponding dimension of the
ostium; and

securement means 10 secure the outer perph-
ery of the membrane in direct engagement with
the atrial wall surrounding the ostium,

wherein the securement means comprises a struc-
ture configured to extend distally froms the mem-
brane into the ostium and to engage a portion of the

_interior of the left atrial appendage.

The apparatus defined in claim 1,
wherein the securement means is configured

for enlargement in response to expansion of an ex-

pansion structure located in an interior portion of the
securement means.

The apparatus defined in claim 1 or 2,

wherein the securement means s resiliently biased
in a enlarged configuration for engagement with the
interior wall of the left atrial appendage and may be
constrained in a reduced size configuration for in-
stallation in the left atrial appendage. .

Apparatus for attachment over an ostium of a left
atrial appendage in a patient, comprising:

a membrane configured to extend over the os-
tium of the left atrial appendage, the membrane
having an outer periphery with a dimension
larger than a corresponding dimension of the
ostium; and -

... Securement means ta secure the outer pariph-

ery of the membrane in direct engagement with
the atrial wall surrounding the ostium,

- wherein the securement means comprises a mem-

6.

brane supporting structure attached to the outer pe-
riphery of the membrane and configured to extend
radially outward fram the ostium to secure the outer
periphery of the membrane in direct engagement
with the atrial wall surrounding the astium.

The apparatus defined in claim 1, 2, 3 or 4,
wherein the membrane has a2 permeable structure
which aliows blood to flow through the membrane
but substantially inhibits thrombus from passing
therethrough.

The apparatus defined in‘'claim 1,2, 3,4 or 5,
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10.

11,

12,

13.

14,

15.
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wherein the membrane has an impermeable struc-
ture which substantially inhibits thrombus and bloed.
from passing therethrough.

The apparatus defined in any one of claims 1 {o 6,

wherein the securement means is located be-
tween the outer periphery of the membrane and the
atrial wall surrounding the ostium.

The apparatus defined in claim 7,

wherein the securement means comprises an
adhesive applied between the outer periphery of the
membrane and the atrial wall surrounding the mem-
brane.

The apparatus defined in claim 8,
wherein the adhesive is cyanoacrylate.

The apparatus defined in claim 7, 8 or 9,

wherein the securement means comprises a plural-
ity of engagement members attached to the mem-
brane at a plurality of locations about the outer pe-
riphery of the membrane,

The apparatus defined in claim 10,

wherein the engagetment members are con-
figured to penetrate the atrial wall surrounding the
ostium,

The apparatus defined in claim 11,

wherein the engagement members each comprise
a barbed configuration to engage the atriat wall sut-
rounding the ostlum to inhibit removal of the en-
gagement member from the atrial wall.

The apparatus defined in claim 10, 11 or 12,
wherein the engagement members each comprise
a shank portion extending distally fromthe outer pe-
riphery of the membrane and at least partially inta
the ostium. »

The apparatus defined in claim 13, .
wherein the engagemant members mounted on op-

‘posite sides of the membrane define & spacing sub-

stantially identical to an interior dimension of the os-
tium. :

The apparatus defined in claim 13 or 14,

wherein the engagement members each comprise
a barbed configuration to engage an interior wall of
the atrial appendage.
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