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| (54) Title: SUPRA-ANNULAR VALVE

(57) Abstract

An aortic prosthetic valve (31) for supra-annular im-
plantation comprising a valve body (33) of generally annu-
lar configuration and a valve element such as leaflets (35),
movably mounted on valve body (33) for opening and clos-
ing the valve. The valve body (33) terminates in a generally
annular base surface, and a scalloped suture ring (37) cir-
cumscribes the valve body (33) adjacent the base surface.
The suture ring (37) is configured to approximately fit the
contour of the Sinuses of Valsalva (29) at the base of the
aorta (15). The base surface of the valve body (33) is of a
wavy configuration and is configured such that it does not
project into the annulus (13) at the base of the aorta (15),
and accordingly, the valve body (33) does not interfere
with flow through the annulus (13). The suture ring (37) has
three lobes which fit the Sinuses of Valsava (29) at the base
of the aorta (15). The valve (31) is configured to minimize '
disruption of the vortices which develop in the Sinuses of
Valsalva (29) to assist in closing the valve (31).
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SUPRA-ANNULZR VALVE

BACKGROUND OF. THE INVENTION

A prosthetic heart valve iﬁtended for replace-
ment of a diseased natural aortic valve‘typically in-
'cludes a‘valve body'of;Qeﬁérally annular configuration,
a valve element movably mounted on the valve body for
jopening and closing the valve, and a suture ring circum-
scribing the valve body;‘.In the case of a mechanical
valve, the‘vélve element méy include a ball or a disc.
in ? leaflet type of_vélve, the vaive element is in the

form of valve leaflets.

Implantation of an aortic prosthefic heart valve
of this type fypically ihvolves, among other things, suturing
of the suture ring within the annulus of the aortic valve at
the base of the éorta. When placed in this fashion, the
vaive'elementrlies at the base of the aorta, and the
valve body has an annulaﬁ protrusioh which extends through

~ the annulus at the base of the aorta.

One problem created by aortic prostheses of

this type.is that the projeétion of the valve body into
and through the annulus increases resisténce to blood flowland
reduces the hemodynamic pefformance of the valve. 1In
addition, leaflet-type aortic prostheses project from

the annulus in a way that disrupts the vortices which

Lo WIPO __aV
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. develop in the Sinuses of Valsalva. This is undesirable

because these vortices assist in closing the valve.

' . L

SUMMARY OF THE INVENTION

This invention materially improves the hemo-

dynamic performance of an aorfic prosthetic valve by

providing a valve which is configured for supra-annular

- implantation at the base of the aorta. The valve of

this invention does not project into or through the an-

nalus where it would interfere'wifh, or restrict, the

'passage of blood throﬁgh tﬁe annﬁlué.: In addition, the

valve of this.invention is configured so as to minimize

disruption of the vortices which develop in the Sinuses

of Valsalva. This is éafticﬁiariy important in leaflet-
type valves. | ‘

Although this invention is applicable to mechan-
ical heart valves and léaflét-typé héart va;ves, it pro-
vides additidpal'advédtages fof leaflet-type valves. |
For example,rbecause the stentfdbés not project into
the annulus, a larger leaflet—type‘ﬁalve may be utiliz-
ed for an annulus of given size. This is of particular

advantage in the smaller size heart valves where mechan-

ical aortic prostheses have heretofore demonstrated superior

. hemodynamic performénce when compared to certain leaflet-
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type val&es of equivaient annulus or mounting
diameter.

In a leaflet-typé valve constructed in ac-
cordance with this invention, the stent is preferably
compietely'out of tﬁe annulus. - Only the leaflets of

'thé valve remain exposed to the blood column.

| The aortic valve of this invention has sever-
al structural features which adapt it for éupra-annular
implantation.' For example, the suture ring which cir-

' cumscribes the valve bod?.is scalloped more than is cus--
;omary'for an aortic prosthetic valve so as to adapt it
even morérto the SCalloped.configu:ation'of the sinus |

_-cévities at the base of the aorta. Thus, the suture
'ring is scalloped and éghfiéurea to approximately fit
the contour of the Sinuées of'Valsaiva at the base of
the aorta. PfeferéblY} the suture ring has ihree lobes

‘Jas viewed in planrso that it more.closely conforms to the
configuration of the sinus cavities-at the base of the
‘sorta. | |
| The'valvébbodyron which the valverelement is

| movabl}:mounted; terminates in a generally annular base

-surface adjacent the suture ring. The base surface is
of a wavy cdnfiguration and configured so that it does
not project into the annulus at the base of the aorta
when the suture ring is in place in the Slnuses of Val-

salva. By way of contrast, the typical leaflet-type
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aor£ic valve has an anﬁular’préjection below the suture ring
which projects through the annulus. Similarly, the valve
body of the typical meéhanical aortic ﬁeart valve is sized
so as to be implanted within the annulus. Accordingly, by con- =

figuring the base surface so that it does not project into the

annulus,.only the valve element lies in the flow
path through the annulus.

' In a leaflet-type valve of this invention, the valve body
‘includes generally axiallyrextending-commissure supports whiéh
terﬁinate in frée:endsaand intercommissural regions which space

- the cémmissuie supports circumferentially. In addition, the
| yalV§ element includes valve leaflets on the valve body, and
-Fhe.wavy base ;urface is remote from the free ends of the com--
missure supports. In.' a:; leafle;t-type valve, rthe lobes on the
suture ring project radially oﬁtwardly at the intercommissural
_regions.
To minimize distupﬁioﬁ of thé vortices which develop
to assist in valve diosﬁre, this invention substantially re-
dﬁces or eliminates the axial projection heretofore typically
'Jfouﬁd on leaflet-typé aortic prosthetic valves. Thus, with
-this inﬁentign, the valve has a surface at the intercom-
missufal regions whichlexéénas between the inner periph- _
ery of thé suture ring and the outer‘periphery of the valve

leaflets on the side of the suture ring remote from the
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;nnulus when the éuture ring is in place in the Sinuses
‘of Valsalva. This surface. is configured to minimize
disruption of the vortices. Thus, this surface does -
not contain the characteristic axial projection of the
prior art. Rather; this surface is flared as it extends
froﬁ the inner periphery of the valve leaflets to the outer
periphery of the valve body. Although optimum perform-
ance is obtained when all of the features of this inven-
~tion are used in combination, these features can be used
individﬁally or in various éubéombinations, if desired.
' The ihvention,_together with additional fea-
tures and advantages fhereof, may best be understood by

reference to the following description taken in connection

“with the accompanying illustrative drawings.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a fragmentary sectional viéw through
| a human heart at the base of the éérta with a prior art
‘aortic valvé implanted therein. |

‘Fig. la is acboFtom plan view of the prior art
fval&e of Fig. 1. | |

.Fig. 2 is é secfional view similar to Fig. 1
with a valve constructed in accordance with the teachings

‘of ‘this invention implanted in a supra-annular position.
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Fig. 2a is a bottom plan view of the construc-

. tion shown in Fig. 2. .

Fig. 3 is-an elevational view of the Valve.

Fig. 4 is é perspective view of the valve with
parts broken away to show the configuration of the valve
at one of the commissure supports and one of the inter-
commissural regions.

Fig. 5 is an enlarged fragmentary sectional
view in partially schematié form téken on a radial plane
at one of the intercommissural regions. .

Fig. 6 is an énlarged fragmentary sectional

- view in partially schematic form taken on a radial plane
ét the top of one of the commissure supports.

'Fig. 7 is a top plan view of the vélve implant-

ed in a supra-annular position.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Figs. 1 and la show a typical prior art aortic
prosthetic heart valve 1l implanted ﬁifhin an aortic annulug 13
at tﬁe base of the aorta iS. By way of example, the
valve 11 may be of the type shown in French Patent Ap-
plication No. 7834510 (Publication No. 2,433,933), An-
- gell et al U.S. Patent No. 3,983,581 or Cérpentier et

al U.S. Patent No. 4,1Q6,129.




WO 83/02225 PCT/US82/01773 .
., -

i

The heart valve 11 includes an annular valve
body 17, three valve leaflets 19 mounted on the valve
.body‘and a suture ring 21 sﬁrrounding the valve body and
projecting radialiy outwgrdly of the valve body. The
valve body includes th?ee commissure supports 23,'and
the suture ring 21 is slightly scalloped. The valve
bédy 17 has an annulaf segment 25 which projects axially
below the suture ring 21 and a generally annular segment
27 which projects generally axially above the suture

ring.

The prior art valve 11 is implanted
.;ithin the annulus 13 atrthe base of the |
aorta. When implanted in this.manner,.the annular segment
' 25 extends through the.aﬁhﬁlus 13, and the annular segment 27
projecﬁsfabove the'suturé_ring 21 between the.éuter periphery
the suture ring 21 and the outer periphery of the valve
leaflets 19 as shown ih'Fig. 1. As shown in Figs. 1 and
la, the annular segment 25 Qestricts the area of the an-
nﬁlus and‘interferes with the flow of blood throuéh the
annulus. A mechanical heart QalQe is typically implanted
“into the annulus 13 and also reduces the cross-sectional
.area of the flow éassége at the annulus. In addition,
£he annular segment 27 has been found to disrupt the
vortices which are formed-in sinus cavities 29 and which

assist in closing the valve leaflets 19.

BUREAR
OMPI
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Figs. 2-7 show an aortic heart valve 31 con-
structed in accordance with the teachings of this in- s

_ vention. Thé valve 31 includes aresilient annular valve body

=

33, a valve element in fhe form 6f three valve leaflets
35 movably mounted on the valve body for opening and
closing the valve, and a écalloped suture ring 37 cir-
cumscribihg the valve body. The valve body includes
three generally.axially extending commissure
- supports 39 and three intercommissural regidns 41 which
space the commiséure supports circumferentially.
- In tﬁe embodimént illustrated, the valve body
and suture ring have a‘novel external configuration.
3 édwever, this invention is not limited by the mannef in
f which this external cénfigu;ation is obtained, and accord-
- ingly, the specific internal construction of the valve
body is not described in detail herein. The internal
construction and the technique for constructing an aortic
heart valve body and suture ring are -well known, and by
&ay_of exémple, the valve body 33 and suture ring 37, except for
having a different configufation, may be constructed generally
" in accofdance with'éarpentiér,et al., U.S. Patent No. 4,106,129
- which also ?rovides a val&e'ﬁody having the desired resilience.
Generally, the.valve body 33 includes a frame

43 of wire or other suitable material, a fabric cover 45

and other conventional components, such as cloth coverings,

WIPQ N\
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. plastic 1inings', etc, w'ith.in ti'x”e cover, and for simpli-~
city, thése compdnents'are designated hérein as filler
féleménts 47;.énd aisdlfor simplicity, are shown schemat-
icélly in Figs. 4-6. The valve ieafleté 35 may be tis-
sue or synthetic material. In the dfawings, a porcine
valve is illustrated, and the leaflets 35 are integrally
joined to an édrtic seghent 51. The aortic segment 51
may be suﬁured tortﬁe_fabric»cover 45.of’thé valve Eody

in a conventional manner{'.'

The valve'bédf 17 has a base surface 53 which.
is of wavy configuration (Figs..3 and 4) énd cdnfigured
such that it does not érojectrinto the annﬁlus 13 at the

".base of the aorta lS when the:suture ring 37 is in place .
'in the sinus cavities 29. The base surface 53 smoofhly
‘curves from a .low poéition_at the‘center of each of the
intercommissural regions 41 to an uppermdst location
which is axially aligned Qith the centers of the commis-
sure supports 39.

The suture ring 37 is also of wavy or scallop-
-ied'configuration, with thé'high points of the waves be-
ing axially aligned with the centers of the commissure
supports 35, respectiveiy, and with the low points of
the waves occurring at the central regions of the inter-
‘dcommissural regions 41, respectively. Thus, the undula-

tions or waves of the suture ring 37 are in phase with

the undulations of the base surface 53.
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.The suture ring 37 has three lobes 55 (Fig 7)
'whlch are conflgured to fit the corresponding cavities 29.
" Except for the lobes 55 and the exaggerated wavy configura- :
.“tion, the suture ring 37Amay be of conventional construction.
Thus, the suture ring 37 may include a fabric cover 57
‘enclosing a_compliaut annular filler 59 of any suitable
material or materiais commohlv'used,for this purpose;
-In the eﬁbodiment iliustrated the cover 57 is formed by
.an exten51on of one end of the fabrlc cover 45, and sutures
61 mayibe used to sultably joln the 1avers of the fabric
together as shown 1n Flg. 5. - An’ optlonal annular fabric
strlp 62 (Flgs 5 and 6) covers the outer perlphery of the |
aortic segment 51 and the adjacent region of the fabrlc
cover 45 and is sultably attached to the cover 45. _ |
| 7 .'The valve 31 has an outer periphery 63 (Fig. 5)
: which is defined by the cuter periphery of the suture
ring 37. The suture ‘ring 37 has an inner periphery 64
and a surface 60 which, as v1ewed in axial cross section,
is generally transverse to the axis of the valve. The
valve leaflets 35 have what may be considered an outer
periphery 65 wﬁere the leaflets 35.meet the valve body
33 and the aortic segment 51. The valve 31 has a sur-
face 67 at the intercommissural regions 41 (Fig. 5) which

-extends between the peripheries 64 and 65 on the upper

o

.srde of the valve. In the embodiment illustrated, the
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;

.the surface 67 is defined by a surface of the aortic seg-
‘ment 51 and a surface of the fabric strip 62. The surface
67 is flared as-it extends between the peripheries 64 and
65. .Specifically, the surface 67 extends axially upwardly
“'and radially outwardly and.is devoid of prominent axial
orojections; although the strip 65, when used, may create
.a modest:projectioh. For example, the surface 67 may be
hinclinedfat an angle of 20 degrees - or more from the axis
' of the valve.. Thus, the.suréace 67 is configured to mini-
mlze dlsruptlon of the vortlces whlch develop in the sinus .
- cav1t1es 29 ‘to assist in c1051ng the valve leaflets 35.
Although the surface 67 also ex1sts at the commissure
‘supports 39, as shown 1n Flg. 6, the surface 67 has a
- dlfferent conflguratlon at the top of the commlssure supports.
‘However, lt is the conflgurlng of the surface 67 at 1nter-
'commiSSural reglons 41 whlch mlnlmlzes dlsruptlon of the
vortices, and the configuration of the surface 67 at the
commissure supports is'of no particular sighificance with
' respect to vortex disruptiohﬂ . i
.The valve 31‘ﬁay be implanted in a supra—r
annular position as shown in Figs. 2 and 2a. For example,
the aorta 15 may be opened transversely above the sinus
cavities 29 and the dlseased natural valve is removed. The
valve 31 is deformed radially and inserted through the
aortic segment into the sinus cavities 29 where it is
allowed to resiliently return to its essentially undeformed
condition. The- suture ring 37 is sutured to the base of the

sinus cavities 29, and the valve body 33 is completely out of
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the annulus 13 so that only the valve leaflets 35 are in

' the flow path through the annulus. This is made possible

by the base surface 53 being of the wavy configuration

illustrated and configuféd such that it does not project

-into the énnulus 13. Also, the valve 31 is of a larger
size than would ordinariiy be used for the size of the

rannulus 13.

. The suture ring 37 is placed into the sinus
cavities 29 such that its ﬁavy'configuration'fits or
matches the configuration of the cavities 29 and also

so fhat the lobes 55 are received within the complementary
davitigs 29. As shown in Fig. 2, the flared surface 67

at each of the intercommissural regions 41 contains no

axial projection which wOﬁldﬁdisxupt‘the vortices

. formed in the cavities 29. Acéordingly, valve closure

is improﬁed_wiéh.the_supra—annular mounting of the valve 31.
' Although agiexemplary embodiment of the inventién
has been shown-and described, many changes, modifications :
and substitutions may be made by one.have ordinary skill

in the art without necessarily departing from the spirit

. and scope of this invention.
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CLAIMS

S 1. an aprtic,érosthetic valve for supra-
annular implantation eomprising: -
a valve body of generally annular config—
. uration aﬁd a valve element movably mounted on the
valve body for oéening and closing the valve, said
val?e body terminating in~a'generally annular base

- surface;
Va scalloped'sutﬁtevring circumscribing said
;velye body adjacent said base surface and configuted
_to approximately fit the contour of the Sinuses of
\falsalve at the base of the aorta; and
said bese surface of said valve body being
'of a wavy configutation atd configured such that it
does not project into the annulus at the base of the
aorta when the suture ring is in place in the Sinuses
of Valsalva whereby the aortic prosthetlc valve can be
mounted in a supra—annular position and the valve body

does not interfere with flow through the annulus.

2. A valve as ‘defined in claim 1 wherein

said suture ring as viewed in plan has three lobes.
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3. 'A valve as deflned in claim 1 wherein
sald valve body 1nc1udes generallv axially ) ’ :
extendlng commissure supports which terminate in free : .
endsrand intercommissural reglons which space the com-
‘missure supports circumferentially, said valve element
includes Valve leaflets on the valve body, said base
surface belng remote from the free end of the commissure

supports.

4. A valve as défined in claim 3 wherein
said suture'fing has a radially outwardly projecting

lobe between each adjacent pair of commissure -supports.

7-5.' A valve as defined in claim 4 wherein the
valve has a surface at'the intercommissural regions which
extends between the inper'periphery of the suture ring
apd the outer periphery of the valve leaflets on the
.side of the suture rieg'remote from the annulus when
the suture ring is in place in the Sinuses of Valsalva,
said surface being flared as it extends between said

outer peripheries.
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6. A valve as}de%ined in claim 3 wherein the
valve has a surface atifhe intercommissural regions which
extends between the ihnervperipherv of the suture ring
and the outer periphery of the valve leaflets on the side
of the suture.ring remote from the annulus when the suture

' ring is:in place im'tﬁe éinusee of Valsalva, said surface
- being configured to minimize disruption of-the voftices

which develop in the Slnuses of Valsalva to assist in

"c1051ng the valve leaflets.

7. An aortic prosthetic valve for supra-
-annular implantation éemnrising‘

a valve body of generally annular configuration
‘and a valVe element movably mounted on the valve body for
opening and c1051ng the valve, sa1d ‘valve body terminating
in a generally annular base surface;

a scalloped suture ring circumscribing the
valve body adjacent the base surface and configured to
approximately fit the contour of the Sinuses of Valsalva
.at the base of the aorta; amd

said suture rlng as viewed in plan having at

least one lobe which extends radially outwardly.




83/02225 PCT/US82/01773
WO

16

7./

8. A valve as deflned in claim 7 wherein
said valve body 1ncludes generally axially extending
commissure Ssupports which termlnate in free ends ang
1ntercommlssural regions which space the commissure
supports c1rcumferent1ally, said valve element includes
valve leaflets, said base surface belng remote from the

free ends of the commlssure supports.

9. A valve as defined in claim 8 wherein
- said lobe is at one of said intercommissural regions.

[

o t

lO;_ A valve as defined in claim 8 wherein
.there are threé of sald commlssure suppcrts, three of
said intercommissural reglons, and three of said lobes,
Vsald lobes being at said 1nte;commissura1 regions, re-

spectively.

- 11. A valve as defined in elaiﬁ 8 wherein
~said valve has a surface at tﬁe'intercommissural re-
gions which is flared as it extends radially outwardly
to minimize disruption_of the vortices which develop
in the Sinuses of Valsalva to assist in moving the

valve element to the closed position.

o
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12. A valve as defined in claim 8 wherein

_the valve has a surface at the intercommissural regions

which'extends between the inner periphery of the suture
ring and the outer periphery of the‘valverleaflets on

the side of the suture ring remote from the base sur-

face, said surface being flared radially outwardly.

L

13. Anraqrtiq prosthetic valve for supra-

- annular implantation comprising: '

— e -

- a valve bpdy of generally annular configura-

‘tion; said,valve body including generally axially extend-

7.ing'commissure support$ which terminate in free ends,

1ntercommlssural reglons whlch space the commissure sup-

Vports c1rcumferent1ally, and valve leaflets mounted on

the valve body for opening and c1051ng the valve, said

.valve body terminatin§=in'a generally annular base sur-

face remote from the free ends of the commissure supports;

a scalloped suture ring circﬁmecribing said

.valve body adjacent sald base surface and conf:.gured

to approx1mately fit the contour of the Sinuses of Val-

salva at the base of the.acrta} and

said valve having a surface at the intercom-

missural regions which extends between the inner periph-

: ery of the suture ring and the outer periphery of the

valve leaflets on the side of the suture ring remote
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‘

from the annulus when the suture ring is in place in

‘the Sinuses of Valsalva, said surface being flared as

it extends radially outwardly to minimize disruption

.0f the vortices which develop in the Sinuses of Valsal-

va and assist in closure of the valve leaflets.

14. A method comprising:

providing an aortic prosthetic valve which
includes a valve body of generally annular configura-
tlon, a valve element movably mounted on the valve body
for opening and closing” the valve, and a scalloped suture

ring c1rcumscr;b1ng the valve body and configured to ap-

- proximately fit the contour of the Sinuses of Valsalva
"at the base of the aorta,'said valve body terminating in

a generally annular base surface of a wavy configuration;

and

implanting said aortic prosthetic valve in a

 human heart with the suture ring being received in the

Slnuses of Valsalva at the base of the aorta and with .

the base surface of the valve body being out of the an—

| nulus at the base of the aorta so that the valve body

_does not 1nterfere with flow through the annulus.
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AMENDED CLAIMS. e L
[received by the International Bureau on 24 May 1983 (24.05.83);
original claims 7 to 13 cancelled; new claims 15, 16 and 17 added;
, the text of the new claims follows]

15. A valve as defined in claim 1 wherein
said valve is devoid of an annular projection below the
suture ring when the suture ring is.in place in the

Sinuses of Valsalva.

16. A valve as defined in claim 3 wherein the
valve is constructed so that only the valve leaflets are

in the flow path through the annulus.

17. A valve as defined in claim 6 wherein said
suture ring has a radially outwardly projecting lobe be-
tween each adjacent pair of commissure supports, said
valve is devoid of an annular projection below the suture
ring when the suture ring is in place in the Sinuses of
Valsalva, and said valve is constructed so that only the

valve leaflets are in the flow path through the annulus.
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