woO 2007/139677 A2 |10 0 0000 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO 00O

International Bureau

(43) International Publication Date
6 December 2007 (06.12.2007)

(10) International Publication Number

WO 2007/139677 A2

(51) International Patent Classification:
AGIF 2/24 (2006.01)

(21) International Application Number:
PCT/US2007/011318

(22) International Filing Date: 10 May 2007 (10.05.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/308,406
60/809,483

25 May 2006 (25.05.2006)
31 May 2006 (31.05.2006)

Us
Us

(71) Applicant: INTERVENTIONAL AND SURGICAL
INNOVATIONS, LLC [US/US]; 25 High Meadow Road,
Campbell Hall, NY 10916 (US).

(72) Inventor: KALMANN, Menno; Hullenkant 45, NL-8075
Pd Elspeet (NL).

(74) Agent: GERSHON, Neil, D.; 1011 High Ridge Road,
Stamford, CT 06905 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, JIP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: DEVICE FOR REGULATING BLOOD FLOW

———

(57) Abstract: An elongated frame dimensioned and con-
figured for implantation in a blood vessel. The frame has
two axially spaced apart ring portions, which may be in the
form of an expandable crown or a similar structure. At least
one linking member connects the two ring portions to one
another to form an integral structure. A valve membrane is
supported between the axially spaced apart ring portions of
the frame. The valve membrane is adapted and configured
for movement between a first position in which blood flow
through the frame is permitted and a second position in which
blood flow through the frame is inhibited.



10

15

20

WO 2007/139677 PCT/US2007/011318

DEVICE FOR REGULATING BLOOD FLOW
BACKGROUND OF THE INVENTION
This-application claims priority from provisional application serial numbers
60/808,406, filed May 25, 2006 and 60/809,483, filed May 31, 2006, the entire contents of
which are incorporated herein by reference.

1. Field of the Invention |

The subject invention is directed to a device for regulating blood flow in the venous
System, and more particularly, to an implantable valve device for regulating the flow of
blood through a blood vessel.

2. Description of Related Art

The blood system, and in particular the venous blood system of the legs and arms is
provided with valves that are uniquely located in a manner so as to ensure that blood will
not flow back upstream in the direction from which it has been pumped from the heart. In
the arms and legs, there is a deep venous system and a surface venous system. Due‘to
various causes, thrombosis can occur in the deep venous system. Blood thinning can
alleviate this problem. However, valves do not effectively close and often leak when the
blood in thinned. This can cause increased venous blood pressure in the direction of the
ankles, which can lead to a variety of probleﬁls including varicose veins and open leg.
Complaints' of this type are wide spread among those who spend prolonged periods of time
in a standing position, for .instance, surgeons. )

The surface venous system of the leg is relatively weaker than the deep venous

system, and it has the tendency to spontaneously widen. This widening prevents the valves
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rrom runctioning ¢rrectively and can lead to varicose veins, which are both unattractive
and painful. Major surgery is often required to treat these blood vessel problems. For
example, varicose veins are treated by either closing dff the vein, which leads to a reduced
blood flow capacity and increased pressure on surrounding blood vessels to ensure blood |
supply, or by completely removing the varicoée veins, which leads to the same problem.
The subject invention is directed to a device for obviating problems of this type.
SUMMARY OF THE INVENTION |

More particularly, the subject invention is directed to a new and useful implantable
valviqg device for mechanically regulating blood flow through a blood vessel. The device
includes, among other things, an elongated frame dimensioned and configured for
implantation in a blood vessel. In one aspect, the frame has two axially spaced apart ring
portions, which may be in the form of an expandable crown or a similar structure and at
least one linking member connects the two ring portions to one another to form an integral
structure. A valve membrane is supported between the axially spaced apart ring portions
of the frame. The valve membrane 1;s adapted and configured for movement between a
first position in which blood flow through the frame is permitted and a second position in
which blood flow through the frame is inhibited.

Preferably, the frame includes a plurality of peripherally spaced apart linking
members, and it is formed at least in part from a shape memory alloy material. The valve
membrane is preferably formed at least in part from a thin non-expanded PTFE membrane
or a similar material and may bé coated at least in part with an anti-clotting agent.

The subject invention also provides an implantable device for regulating blood

flow through a blood vessel comprising an elongated frame, dimensioned and configured
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O DE 1MpIdNed 1 4 DI00U VESSEL, NAVING TIFSL and SeCona axiaily spacea apart irame
portions. A valve membrane is supported between the axially spaced apart frame portions
and adapted for movement between a first position in which blood flow through the frame
is permitted and a second position in which blood flow through the frame is inhibited.

In one aspect, the membrané includes a first body portion and a second narrower
neck portion, wherein the first membrane portion is attached to the first frame portion and
the second membrane portion is attached to the second frame portion. Preferably, the
narrower neck portibn has a length at least equal to the radius‘of the second frame portion.
In one embodiment, the first and second frame portions are joined by a linking member
extending from opposing sides of the frame portions. In one embodiment, the body
portion and neck portion of the membrane are attached to their respective frame portions
180 degrees apart.

Preferably, the first and second frame portions are ring members. The ring
members can have a wavy configuration.

In another aspect, the membréne has a curved surface and further has first and
second attachment regions attached to fhe first frame portion and a third attachment region
attached to the second frame portion. In one embodiment, the first frame portion and the
second frame portions are positioned at an angle to the longitudinal axis of the vessel. The
frame preferably includes a linking member joining the first and second frame portions.
The first and second frame portions can be positioned at an angle to the linking member.

These and other features of the subject invention will become more readily
apparent to those having ordinary skill in the a;rt from the fqllowing enabling description of

the invention taken in conjunction with the drawings appended hereto.
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BRIEF DESCRIPTION OF THE DRAWINGS

So that those skilled in the art to which the subject invention appertains will readily
understand how to make and use the apparatus of subject invention without undue
experimentation, preferred embodiments fhercof will be described in detail hereinbelow
with feference to certain figures, wherein:

Fig. 1 is a perspective view of the frame of a ﬂow-regulaﬁng device constructed in
accordance with a preferred embodiment of the subject invention;

Fig. 2 is a plan view of a hlembrane employed with the frarhe of Fig. 1;

Fig.3isa schem'atic perspective view of the flow-regulating device of the subject
invention, wherein the frame is simplified to illustrate the position of the membrane to
permit blood flow through a v;assel;

Fig. 4 is a schematic perspective view of the flow-regulating device of the subject
invention as in Fig. 3, with the membrane oriented to block the flow of blood tﬁrough a
vessel; |

Fig. 5 is a perspective view of another flow-regulating device constructed in
accordance with another preferred embodiment of the subject invention with the membrane
oriented to block blood flow through a vessel;

Fig. 6 is a perspective view as in Fig. 5, with the membrane oriented to permit blood
flow through a vessel;

Fig. 7 is a perspective view of yet another flow-regulating device constructed in
accordance with another. embodiment of the subject invention with the frame in a closed

condition;
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Fig. ¥ i1s a perspective view ot the device shown 1n Fig. 7, with the frame expanded
into an open position;
Fig. 9 is a perspective view of the device of Fig. 7, shown with a balloon catheter
prior to deployment in a blood vessel; and
- Fig. 10 is a perspective view of the device of Fig. 7, shown with a balloon catheter -

inflated to éxpand the device into a deployed condition within a blood vessel.

ENABLING DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings wherein like reference numerals, there is illustrated
in Fig 1, a flow regulating device constructed in accordance with a preferred embodiment
of the subject invention, and designated generally by reference numeral 10. Regulating
device 10 includes an elongated frame 12 that consists of upper and lower crown-shaped or.
wave-like rings 14 and 16. That is, each ring has connecting V-shapes as shown. These
rings 14, 16 are preferably larger in diameter than the host vein in their expanded
placement configuration, to ensure that the device remains in a desired position and
orientation after implantation. For examplé, the diameter of the rings may be 1.25% larger
than the diameter of the intended host vein.

Rings 14 and 16 are connected to one another by at least one connective or linking
member in the form of a bar or wire 18. For ease of illustration, only one connective wire
18 ié shown in Fig. 1. Bar or wire 18 is curvcd'and adapted and configured to follow the
circumference of the host vessel. Preferably, the bar or wire 18 is attached to the opposed
rings 14 and 16 of frame 12 at locations. that are about 180° apart from one another, as
shown. This gives frame 12 an inherent ﬂexibility and enables it to move with the natural

movements (e.g., peristaltic) of the vein.
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Due to the crown-shape ot the rings 14 and 16, the device 1U can be reduced to
approximately 1/5 of the final implanted diameter and could be introduced into a blood
vessel through a relatively small delivery device. For example, a device having a working
diameter of 6F to 8F could be used.

As shown in Figs 3 and 4, wherein the connective rod(s) 18 are not shown and the
rings 14, 16 are simplified for ease of illustration, device 10 includes a valve member 20
that is operatively associated with frame 12 for réghlating the flow of blood through a
vessel by moving between open and closed positions. Valve member 20 is formed from a
sheet of ultra thin membrane material such as a non-expandable PTFE ﬁaaterial or the like.
It is envisioned that the membrane could be bonded or otherwise coated with an anti-
clottihg or anti-coagulant agent such as Heparin.

As best seen in Fig. 2, valve membrane 20 has a narrow elongated neck portion 22
for attachment to the upper ring 14 of frame 12 and a wide body portion 24 for attachment
to the lower ring 16 of frame 12. The narrow neck portion 22 as shown extends across the
diameter of the device, and preferably has a length greater than a radius of the device (ring)
and slightly less than the diameter of .the ring. The attachment locations (22a of neck
portion 22 and 24a, 24b of body portion 24) of the membrane 20 on each ring are
preferably approximately 180° degrees from one another so that the body portion 24 of the
membrane 20 will extend substantially if not entireiy across the expanse of frame in the
closed position shown in Fig 4. Note the membrane could be attached to ring 16 along its
curved perimeter or attached at specific points, é.g. 24a, 24b, or at additional points.

Referring to Fig. 3, blood flowing through the blood vessel 30 in the downstream

direction indicted by arrow "A" will act against the valve membrane 20 in such a manner
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SO as to push the wide body portion 24 ot the membrane 20 against the wall ot the blood
vessel 30. At such a time, blood will flow freely through the frame 12, impeded only
incidentally by the narrow neck portioh 22 of membrane 20 extending across the device.
Referring to Fig 4, blood ﬂoWing through the blood vessel 30 in the upstream
directidn indicated by arrow "B" will act against the valve mémbrane 20 in such a manner

so as to push the wide body portion 24 in a direction as shown, substantially if not entirely

closing off blood flow through the blood vessel 30. Due to the length of the narrow part 22

of the valve membrane 20, the wide body portion 24 will close at a relatively steep angle
(e.g., 30°). This is important because the steeper the closure angle, the less force required
to push the valve membrane back to an open position with the natural blood pressure.

Referring now to Fig. 5, to minimize the number and complexity of implantable
components, an implantable device 100 is provided that includes a frame 112 having two
axially spaced part substantially circular rings 114, 116 and a connecting bar 118, with an
ultra thin, generally triangular shaped membrane 120 operatively associated therewith. As
shown, each of the rings 114, 116 is positioned at aﬁ angle, preferably obtuse as shown, to
the connecting bar 118. The lower apex of the triangular membrane 120 is attached to the
lower ring portion 116 of frame 112 (attachment region 121a), and the upper apices of the
triangular membrane 120 are attached to the upper ring portion 114 of frame 112 at
diametrically opposed positions (attachment regions 122a, 122b). Preferably, the upper
portion of the membrane 120 is loosely attached to the upper ring portion 114, allowing it
to slide down the ring during insertion. The lower portion of the membrane 120 is attached
to the lower ring portion 116 in the same general area as the connecting rod 118. The

membrane has a curved or convex outer surface 119 in the flow blocking position of
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rigure > and a curved or convex outer surtace 11/ tacing 1n the opposite direction
(radially) in the blood flow position of Figure 6 (see arrow D).

It is envisioned that the frame 112 (and frame 12) is made from a shape-memory
or super-elastic material such as Nitinol or a similar material, so as to enable the collapse
and recovery of the rings during implantation in blood vessel 30. The ultra thin mémbrane
120 ié preferably made from a material such as PTFE, and may be providediwith an anti-
clotting drug. -

’i It is also envisiéned that valve membrane 120 can have a small slit of hole 126
adjacent the lower apex of the membrane near the connection with lower ring portion 116
to allow some of the blood trapped behind to flow back through the membrane. This will
reduce the likelihood of clotting. |

Referring now to Figs. 7 through 10, there is illustrated another embodiment of the
implantable device of the subject invention, which is designated generally by reference
numeral 200. Device 200 includes a frame 212 having opposed flexible straps 214, 216
and a connecting structure 218. Straps 214 and 216 are preferably formed from a shape
rﬁemory material that is normally biased into a coiled or closed configuration, shown for
example in Fig. 7. A generally triangular membrane 220 is attached to frame 212 in a
manner similar to the way in which membrane 120 is attached to frame 112. The rings
214, 216 of frame 212 are adapted and configured for securement in an expanded or open
position, shown in Fig. 8, through the interaction of a locking tangs 217 and apertures 215.

As illustrated in Figs. 9 and 10, device 200. is implanted in a blood vessel using a
balloon catheter 240. More particularly, rings 214 and 216 are moved from a closed

position to an expanded position by inflating balloon 242. Upon expansion, to a desired
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position, tangs 217 engage apertures 215 to lock the rings 214 and 216 in a desired
position. The balloon 242 is then deflated and the catheter 240 is removed from the»bloed
vessel so the device 200 can regulate the flow of blood through the vessel, in the manner
described previously with respect to device 100. | __—
Altheugh the blood flow-regulating device of the subject invention has been
described with respect to preferred embodiments, those skilled in .the art will reédily
apprecrate that changes and modifications may be made thereto without departing from the

spirit and scope of the subject invention.
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What is cla’imed is:

1. An implantable device for regulating blood flow through a blood vessel,

comprising:

a) an elongated frame dimensioned and configured to be implanted in-a

S blood vessell, the frame including axially spaced apart ring portions, and at least one

linking member connecting the axially spaced apart ring portions to one another; énd

b) a valve membrane supported between the axially spaced apart ring
portions of the frame and adapted for movement between a first position in which blood
flow through the frame is permitted and a second position in which blood flow through the

10 frame is inhibited.:

2. An implantable device as recited in'claim 1, wherein the frame includes a

plurality of peripherally spaced apart linking members.

15 3. An implantable device as recited in claim 1, wherein the frame is formed at

least in part from a shape memory alloy material.

4. An implantable device as recited in claim 1, wherein the valve membrane is
formed at.least in part from PTFE.
20
5. An implantable device as recited in claim 1, wherein the valve membrane is

coated at least in part with an anti-clotting agent.

10
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6. An implantable device for regulating blood flow through a blood vessel,
comprising:

a) an elongated frame dimensioned and configured to be implanted in a

- blood vessel, the frame including first and second axially spaced apart frame portions; and

: b) a valQe membrane supported between the axially spaced apart frame
portions and adapted for movement between a first position in which blood flow thrdugh
the frame ié permitted and a second position in which blood ﬂoW tﬁrough the frame is
inhibited, the memBrane including a first body portion and a second narrower neck portion,
the first body portion attached_ to the first frame portibn and the ‘second neck portion

attached to the second frame portion.

7. The implantable device of claim 6, wherein the narrower neck portion has a

length at least equal to the radius of the second frame portion.
8. The implantable device of claim 6, wherein the first and second frame
portions are joined by a linking member, the linking member extending from opposing

sides of the frame portions.

9. The implantable device of claim 6, wherein the first and second frame

portions are joined by a curved linking member.

10. The implantable device of claim 6, wherein the first and second frame

portions each comprise ring-like members.

11
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11. The implantable device of claim 10, wherein each of the rings has a wavy
configuration.
12. The implantable device of claim 6, wherein the body portion and the neck

portion of the membrane are attached to their respective frame portions approximately 180

degrees apart.

13. An implantable device for regulating blood flow through a blood vessel,

cbmprising:

a)' an elongated frame dimensioned and conﬁgured'to be implanted in a
blood vessel, the frame including first and second axially spaced apart frame portions; and

b) a valve membrane supported between the axially spaced apart frame
portions and adapte}d for movement between a first position in which .blood flow through
the frame is permitted and a second position in which blood flow through the frame is
inhibited, the membrane having a curved surface, the membrane further having first and
second attachment regions attached to the first frame portion and a third attachment region

attached to the second frame portion.

14. The implantable device of claim 13, wherein the first frame portion and

second frame portion are positioned at an angle to the longitudinal axis of the vessel.

12
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1>.  I'he 1implantable device ot claim 13, wherein the trame ncludes a linking
member joining the first and second frame portions.

16. The implantable device of claim 15, wherein the first frame portion is

5 positioned at an angle to the linking member.

17. The implantable device of claim 16, wherein the second frame portion is
positioned at an angle to the linking member, both the first and second frame portion
angles being obtuse angles.

10
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