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TEMPORARY ABSORBABLE VENOUS OCCLUSIVE DEVICE AND SUPERFICTAL

VEIN TREATMENT METHOD

| - BACKGROUND OF THE INVENTION
1. ° Field of the Invention
'This invention relates to vascular disease and the treatment thereof. More

partlcularly, the invention pertains to an apparatus and mcthod for treatlng varicose

velns.
2. Description of the Prior Art

By way. of background the most common techmque for treatmg varicose veins is

to remove one or more superficial blood vessels by way of surgical ligation and

strlppmg This technique suffers from the usual drawbacks assocmted with i invasive

procedures, 1.e., the need for hospltahzauon and surgery under general anesthesra

associated pain, infection rrsk, prolonged recovery time, limited mobility during
recovery, permanent scarring, etc. More recently, an obliteration t‘echm'que'usi'ng high
temperature radio frequency ablation has been proposed. According to this technique, a

section of superficial vein is ablated so as to produce a blockage that prevents excessive

blood flow from above the treatment site, thereby reducing vein distension below the '

site. The radio frequency ablation technique represents an improvement over surgical
ligation and stripping because it can be perforrned percutancously as an ambulatory
procedure. However, there is a risk that the high radio frequency energy could damage
tissue that surrounds the treated area if the procedure is not performed properly.

Moreover, thc electronic equipment and procedural instrumentation required for the
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radio' frequencjf technique are relatively costly. There is also no way to readily confirm
that the treatment has been effective without the use of a veno gram requiring dye
injection and X-ray imaging. |

It would be desirable if varicose veins could be treated in a manner that
overcomes the foregoing disadwfa’nteges of exis‘firlg techniques.

' SUMMARY OF THE INVENTION

The foregoing problems are solved and an advance in the art is obtained bya
novel.temborary abserbable venous ocelusive stent and a related varicose vein treatment
method. The stent includes a stent body, a bio-absorbable material associated with the.
body, and a closure for blocking blood flow past the stent when implanted in a vein. The
stent prom-otesflocalized blood clotting, fibrosis and vein collapse as the stent 1s

absorbed. A permanent blockage is thereby produced that prevenrs the undesirable back

flow of blood from above the stent implantation site, thereby reducing distension of the

varicose vein below the implantation site.

According to the inventive treatment method, a temporary absorbable venous
occlusive stent is introduced via a deep venous system or superficial venous system

approach to an implantation site proximate to or above a varicose vein to be tredted.

- There, the stent is deployed against the walls of the vein. Closure of the stent 1s

performed as necessary to block blood flow past the stent. As indicated above, the stent
1s gradually absorbed while preducing a permanent blockage resulting from localized
blood clotting, fibrosis and vein collapse.
~ BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the invention will be
apparent from the following more particular description of preferred embodiments of the
invention, as illustrated in the accompanying Drawings, in which: .

Fig. 1 is a diagrammatic view showing the outline of a human..upper thigh and
groin area and a portion of the venous circulatory system therein, '

Fig. 2 is a perspective view showing a temporary absorbable venous occlusive

- stent in accordance with a first exemplary embodiment of the mvention in various stages

of closure;
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Fig. 3A1s a longitud'inal cross-sectional view of a varicose vein and a perspective

view showing the stent of Fig, 2 b.eing inseﬁed ﬂlérein;
' Fig. 3B is a view according to Fig. 3A showing the stent in an initial deployed
condition in the varicose vein; - |
N Fig. 3C is a view aééording to Fig. 3A showin'g the stent in & final deployed

condition in the varicose vein; | "

Fig. 3D 1s a view according to Fig. 3A showing the stent in a partially absorbed
condition a:nd the varicose vein in a state of partial collapse;

Fig. 3E is a view according to Fig. 3A after the stent has been completely

~ absorbed and the varicose vein is fully collapsed and‘penhanently blocked;

| - Fig. 4A is a perspective view of a temporary absorbable venous occlusive stent mn
accordance with a second exemplary embodiment of the invention in which the stent 1s
formed as a generally tubular member having a closed end;

Fig. 4B is a perspective view according to Fig. 4A m which the stent 1s cross-

‘sectionally divided to illustrate its._ho'llow interior;

Fig. 5A is a perspective view of a temporary absorbable venous occlusive stent in
accordance with a third éxemplary embodiment of the invention in which the stent is
formed as a sdlid member; |

F1g 5B is a perspective view according to Fig. SA .in which the stent is cross-
sectionally divided to illustrate its solid interior; ‘

Fig; 6A is a longitudinal cross-sectional view showing a portion of a venous
circulatory system in a human upper thigh and groiﬂ area and a perspective view of a
stent delivery system including a guide wire that has Been advanced from a percutaneous
point of entry (not shown) to the site of a varicose vein to be implanted, and a sheath
introducer passing over the gumde wire and approaching the sapheno-femoral junction;

Fig. 6B is a view according to Fig. 6A showing the sheath introducer after it has

been advanced through the long saphenous vein (and any intervening superficial branch

veins) to the site of the varicose vein to be implanted;
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Fig. 6C is a view according to Fig. 6A showing a balloon catheter carrying a

temporary absorbable venous occluswe stent within the sheath mtroducer with the stent

approaching the sapheno-femoral junction;

Fig. 6D is a view according to Fig. 6A showing the stent at the distal end of the

sheath introducer;

Fig. 6F is aview accordmg to Fig. 6A showmg the stent following deployment in

the varicose vein to be implanted and expansion by the balloon catheter, and further

- showing wﬁhdrawal of the balloon catheter back into the sheath mtroducer,

Fig. 6F is a view according to Fig. 6A following removal of the balloon catheter

from the sheath introducer;

Fig. 6G is a view according to Fig: 6A showing the closure of the stent using

drawstring members extending from the stent to the percutaneous entry point;

Fig. 6H is a view aocording to Fig. 6A following securement of the stent

~ drawstring members and cutting thereof proximote to the stent;

Fig. 61 is a view according to Fig. 6A following removal of the sheath introducer;

Fig. 6] is a view according to Fig. 6A showing the stent in a partially absorbed
condition and the varicose vein m a state of partial collapse

F1g 6K is a view accordmg to Fig. 6A aﬁer the stent has been fully absorbed and
the implanted section of varicose vein is fully collapsed and permanently blocked,

Fig. 7 is a longitudinal cross-sectional view showing a portion of a venous

circulatory system in a human upper thigh and groin area and a .perSp,ective view of a

stent delivery system including a guide wire having a ferromagnetic tip that has been

advanced at least partially under the guidance of a magnet from a pefculéneous point of
entry (not shown) to the site of a varicose vein to be impl.anted,‘ and a sheath introducer
passing over the guide wire and approaching the sapheno-femoral junction; and

Fig. 8 is a longitudinal cross-sectional view showing a portion of a venous
circulatory system in a human upper thigh and groin area: and a.perspectivo viewofa

stent delivery system including an sheath introducer having a ferromagnetic tip that has

been guided at least partially by way of a magnet to the sapheno-femoral junction.
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
Tummg now to F1g 1, the thigh-groin region (TG) of a human leg 1 1s shown to

1llustrate a portion of the venous circulatory system and an exemplary area of the human

body in which the present invention may be 1mplemented In partlcular Flg 1 shows
the sapheno -femoral junction (SFJ) where many of the superﬁmal leg veins come
together before joining the common femoral vein (CFV). Although not shown, the flow

of blood at the sapheno-femoral Junctlon is controlled by a one-way valve that1s -

| de31gned to direct blood inwardly and upwardly, helping it return toward the heart. If

this valve fails to function properly, some blood is able to flow _bapk down the leg,

increasing the pressure in the superficial veins and their branches. . The long saphenous

- vein (LSV) is one of the main superficial veins in the thigh. If extra blood is forced into

this vein by a leaking valve at the sapheno-femoral junction, the vein stretches and

further valves within it become distorted and begin to leak. Blood is then able to flow
further down tﬁe leg in the wrong direction, eventually filling and distending more and
mc;re branches, causing the appearance of varicose veins, such as the varicose vein (W)
sﬁhown in the inset in Fig. 1. Similar proBlexﬁs can occur due to valve leakage at the
sapheno-popliteal junction of the short saphenous vein and the popliteal vein behind the

knee. Leakage of any of the valves in the perforator veins connecting the superficial leg

veins to the deep veins of the leg can likewise lead to varicose veins.

The present invention contemplates a varicose vein treatment apparatus and |
method wherein a distended varicose vein, suéh as the vein VV. of Fig. 1, is implanted
with a temporary absorbable venous occlusive stent. The stent is placed either within t.he‘
distended area or into an adj acent (or n‘on-adj acent) venous section that is delivering
unwanted downward blood flow to the distended area. The stent stops the flow of blood
past the implantation site and promotes localized blood clotting, fibrosis and Veln
collapse as the stent is absorbed. F ollowing complefe absorption of the stent, a
permanent blockage remains that prevents blood flow from above, thereby réducing or
eliminating vein distention below the implantation site.

Fig. 2 illustrates an éxemplary embodiment 2 of a temporary absorbable venous

occlusive stent that may be used in accordance with the invention. The stent 2 1s
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configured as a generally tubular body 4 having a proximal end 6 and a distal end 8. The
body 4 is made from a bio-absorbable material having the capability to absorb within a

time frame that is long enough to allow the aforementioned permanent blockage to form

“in a vein to be implanted. By way of example only, a fabric woven from threads of

dissolvable (e.g., polylactic acid) suture material could be used to form the body 4. Such

material has an absorption schedule of about 28 days, which should be more than

- adequate for purposes of the present invention. Both ends of the stent 2 are initially -

open, but the prokimal end 6 is.,providéd with a suitable closure system that allows 1t to

- be closed fbllowing deployment,

Fig. 2 shows one exemplary closure system in the form of a drawstring

arrangement. In particular, a drawstring 10 made from a dissolvable suture or other bio-

“absorbable material is secured around the circumferential periphery of the proximal end

6 of the body 4 1n a manner that allows the proximal end to be closed by pulling on the
drawstrmg s end portlons 12 and 14. Although not shown, the drawstring 10 could

-hkemse be placed at the dlstal end 8 of the stent 2. It could also be arranged on the stent

2 so that only a smgle drawstring end portion is required for stent closure.

. Figs. 3A-3E illustrate a series of the sequential steps by which the stent 2 can be

used to treat a varicose vein. In Fig. 3A, the stent 2 is in the process of being deployed

to the varicose vein (VV) to be treated, with the stent’s proximal end being oriented
toward its point of entry into the patient (not shown). In Fig. 3B, the stent 2 is shown at
an implantation site within the vein. In Fig. 3C, the drawstring 10 has been manipulated

to close the stent’s proximal end 6. At this point, blood flow is prevented from passing
through the stent 2, such that distention of the vein should be alleviated. Closure of the
stent 2 also ;:auses blood in the vicinity of the stent to pool and begin clotting. This
produces fibrotic tissue and vein collapse as the stent is absdrbed; Fig. 3D shows the
stent 2 in a partially aBsorbed condition ahd the vein in a state of partial collapse. In F1g
3E, the stent 2 is completely absérbed and the vein is fully collapsed and permanently
bldcked at 20. The blockage 20 prevents the back flow of bio,od from leaky vein valves

situated above the implantation site.
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It will be appreciated that many alternative constructions may be used to provide
a temporary absorbable venous occlusive stent in accordance with the invention. For
example, such steﬁts may be produced in variety of diameters and lengths for
implantation at different locations of the body. It may alse be desirable to utilize several
stents at a single implantation site in lieu of a éingle longer stent. In that case, the
several stents could be provided with suitable connectors for establishing Serial |
interbonhectioné between adjacent stents. Stents in accordance ,wﬁh the invention can |
also be treated with a suitable drug, such as rapamyecin (a cell cycle inhibitor). Such |
drug-alluded stents may be more efficient promoters of vein collapse than untreated
stents. Another alternative would be to treat a stent With a suitable radicactive substance
that produces localized cell death and an inéréased rate of vein collapse. Stents in
accordance with the invention could be treated with drugs or radioactive substances by
‘via. impregnation into the bio-absorbable material that forms the stents. Alternatively,
the stents could be formed with a double lumen or the like to provide an enclosed pocket
for containing a drug or radioactive substance. Such a pocket could also be used to carry '
a cryomaterial -thét further promotes cell death and vein collapse. Agother use for a
pocket formed on the stent would be to carry a dye material to guide stent placement at
an implantation site. Implantation could also be aided by providing the stent with a
rad'i00p aque marker. | |

Figs. 4A-4B and 5A-5B illustrate additional stent configuration alternatives. In
Fig. 4A, a second exemplary efnbodiment 102 of a temporary absorbable venous
occlusive stent is shown. As can be seen with additional reference to Fig. 4B, the stent
102 1s conﬁgﬁréd as a generally tubular body 104 having a proximal end 106 and a distal
end 108. The body 104 is similar to ‘the body 4 of Fig. 2 except that the proximal end
106 of the body 104 has a closed end wall 110. The end wall 110 provides a closure

- system for the stent 102 that represents an alternative to the drawstring closure system

used in the stent 2 of Fig. 2. Note that the end wall 110 can either be permanently
formed as part of the body 104, or alternatively could be separately attached thereto,

either prior to, during or after deployment of the stent 102 (e.g., as an insertable plug).
Although the end wall 110 is located at the proximal end 106 of the stent 102, it could
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also be located at the distal end 108. A wall could also be located at any point between
the 'ends 106 and 108 of the stent 102, such as at the stent’s longitudinal midpoiﬁt.
| In Fig. 5A, a third exemplary embodiment 202 of a temporary absorbable venous

occlusive stent is shown. As can be seen with additional feference to Fig.5B, the stent

202'is configured as a generally solid cylindrical body 204 having a proximal end 206

and a distal end 208. The use of a solid body 204 provides.a closure system for the stent

202 that represents an alternative to-the drawstring closure system used in the stent 2 of

Flg 2. The body 204 can be made from any suitable bio-absorbable materlal such as
packed or bundled bio-absorbable filaments, folded bio-absorbable fabric, or a bio-
absorbable foam. Although the Body 204 is shéwn as beimng generally cylihdrical, it wﬂl
appreciated that other configurations could also be used, such as spheres, cones, ‘
pyramids, irregular shapes, etc., to implement a body portion of the stent 202.

- Turning now to Figs. 6A-6K, an exemplary stent implantation method ﬁtilizing
pathways within a pétient’s deep vein system- will now bé described. It is assumed for
the purpQSe of illustration only that the temporary absorbable venous occlusive stent 2 of

Fig. 2 is to be implanted in a varicose vein (VV) in one of the patient’s legs. It is further

-assumed that this vein can be reached via a common femoral vein (FV), a sapheno-

femoral junction (SFJ), a long saphenous vein (LSV), and a possible mtervenmg section

(IS) that may contain one or more side branches of the type shown by reference numeral
(SB). According to the exemplary method, a percutaheous opening (not shown) is
formed in the patient’s cephalic vein located in the upper arm (or any other suitable
location that allows access to the pati.ent’s deep venous system). Following vein entry,

an optional guide wire is introduced and passed upwardly (e.g., using conventional

- optical guidance means as necessary) through the subclavian vein, then downwardly

through the superior vena cava and the inferior vena cava to a desired one of the femoral
veins. Advancement of the guide wire then continues along the selected femoral vein to
the sapheno-femoral junction, at which point the long saphenous vein is entered. The
guide wire is then further advanced along appropriate tributaries of the long saphenous
vein until the implantation site in the varicose vein (VV) 1s reached. As shown m Figs.

OA and 6B, a sheath introducer is introduced over the guide wire and advanced along the
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venous pathways in which the guide wire is situated until the distal end of the introducer
is adjacent to the implantation site: Altematively, the sheath introducer can be inserted

without the use of a guide wire, or a guide wire could be inserted after the sheath

introducer (in order to guide a balloon catheter as des‘cribed below). In Figs. 6A and 6B,

the guide wire is designated by reference numeral 300 and the sheath introducer is

| demgnated by reference numeral 302.

Turning now to Figs. 6C and 6D, the stent 2 of Fig. 2 is mounted on an mﬂatable

balloon dilator 304 situated at the end of a balloon catheter 306, and the catheter 1 is

advanced over the guide wire 300 (if present) to the distal end of the sheath introducer
302. Altemnatively, the balloon dilator 304 and the stent 2 could be positipned at the

distal end of the sheath introducer 302 prior to the latter’s introduction into the patient,

such that the stent is carried with the sheath introducer to the implantation site: As can

~ be further seen in Figs. 6C and 6D, the stent’s drawstring ends 12 and 14 will extend

back to the percutaneous entry site (not shown) as the stent 2 is advanced Into the

| patient.

In Fig. 6E, the stent 2 has-been deployed out of the sheath introducer 302 by
adVancing the balloon catheter 306, the balloon dilator 304 has been dilated to expand

| the stent against the vein walls, and the balloon catheter is in the process of being

removed from the stent. In F1g. 6F the balloon catheter 306 has been removed from the
introducer catheter 302. In Fig. 6G, the drawstring ends 12 and 14 have been
manipulated to close the proximal end 6 of the stent 2. In Fig. 6H, the drawstring ends
12 and 14 have been cut near the stent 2. In'Fig. 61, the sheath introducer 302 has been
removed from the patient. In Fig. 6J, the stent 2 is shown in the process' of being

absorbed at the implantation site as the vein collapses. In F 1g 6K, the absorption of the

stent 2 is complete, the vein has fully collapsed, and a permanent blockage 320 remains.

It will be appreciated that other stent implantation methods may be us_ed‘in
accordance with the present invention, For example, instead of approaching the
implantation site via the deep venous system, a superﬁcial venous approach could be
used by entering one ot the long or short saphenous veins either above or below the

implantation site, in relatively close proximity thereto. If such an entry point is useg, an
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optioha1 additionél' step that can be performed prior to cutting the drawstring ends 12 and
14 would be to suture one or both of them to the patient’s skin at the entry point. This

will help stabilize the stent 2 in its implantation position if such stabilization is desired.

Other stabilization techniques could also be used, such as forming the stent 2 with a

suitable surface-gripping configuration or with other gnppmg means.

It will also be appreciated that the use of a balloon catheter as per the exemplary

- method described above may not be necessary or desirable in all cases. For example, if

a solid body stent, such as the. stent 202 of Figs. SA and 5B is to be deployed, the use of

a balloon catheter would not be mdrcated. In that case, the stent could be carried to the

implantation site within an open-ended catheter (without a balloon dilator tip). A

plunger can then be used to force the stent out of the catheter into engagement with the
vein. Note that a stent might also be constructed with resilient properties so as to be
outwardly expandable (e.g., using bio-absorbable foam). In that case, the stent would be

compressed while in the catheter but would expand to engage the vein walls when

deployed.

Figs. 7 .and 8 shew a further aspect ef the invention in which a magnet 400 is
used to direct either the guide wire 300 or the sheath introducer 302 (without a guide
wire) to the irﬁplantation site in the varicose vein (VV). In Fig. 7, the tip portion 402 ot
the guide wire 300 is made from ferromagnetie material. In Fig. 8, the tip of the sheath

introducer.302 is provided with a ferromagnetic guide element 404. During treatment, a

- physician manipulates the magnet 400 over the surface of a patient’s skin. Because of
~ the proximity of the superficial venous system to the skin’s surface, the magnet 400 will

- impart a magnetic force on the guide wire tip 402 or the introducer guide element 404,

thereby pulling the t1p or guide element in a direction determined by the rnagnet S
movement. ‘In this way, and with the possible assistance of conventional optical
guidance means, the stent 2 can be deployed to the desired location. |

Aecordingly, an apparatus and method for treating varicose veins are disclosed.
While various embodiments of the invention have been shown and described, it should

be apparent that many variations and alternative embodiments could be implemented in

- accordance with the teachings herein. For example, although various bio-absorbable
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~ stent constructions have been described using bio-absorb_able fabrics, filaments and

foams, it will be appreciated that other bio-absorbable constructions may also be used

for stents designed in accordance with the invention. Examples include solid surface

materials that could be configured to form a stent using ﬁnolding, .milling or other

fabricafion techniques. It will be further appreciated that the stent. need not necessarily

be 100% efﬁé,iént at blocking blood flow. Itis sufﬁéient'fhat there be enough blood

flow suppression to induce clotting and fibrosis at the implantation site. Relatedly, it is

~noted that not all portions of the stent need to blo'ék blood tlow so léng as the stent’s

closure portion fulfills that function. Thus, side portions of the stent that engage the
venous wall could potentially be porous to blood flow so long as the stent’s closure
portioh (e.g., an énd wall) substantially blocks blood flow. It is understood, therefore,
that the invention is not to be in any way limited éxcept in accordance with the spirit of

the appended claims and their equivalents.
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CLAIMS

What is claimed is:

. A temporary absorbable venous occlusive stent, comprising:

a stent body;

a bio-absorbable material associated with said body; and

closure means for blocking blood flow past said stent when implanted in a vein.
2. A stent in accordance with claim 1 wherein said stent body is generally tubular.
3. A stent in accordance with claim 1 wherein said stent body is generally
cylindrical. .

4 A stent in accordance with claim 1 wherein said bio-absorbable material 1s

- provided by a material ﬁsed to form said stent body.

J.

A stent in accordance with claim 1 wherein said bio-absorbable material

comprises polylactic acid.

6.

A stent in accordance with claim 1 wherein said closure means comprises a

drawstring closure system at one end of said stent body.

7.

A stent in accordance with claim 1 wherein said closure means comprises a

drawstring closure system having a pair of drawstring ends.

8.

. A stent in accordance with claim 1 wherein said closure means comprises a

closed end wall associated with said body.

A stent in accordance with claim 1 wherein said closure means comprises a

closed end wall mounted on said body.
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10. A stent in accordance with clai.m I wherein said closure means 1s provided by

said stent body having a generally solid interior portion.

11.. A method for treating a varicose vein, comprising:

introducing a temporary absorbable venous occlusive stent to an implantation site

- proximate to or above a varicose vein to be treated, said stent comprising:

a stent body;

a bio-absorbable material associated with said body; and

closure means for blocking blood flow past said stent when implanted in a vein;

- deploying said stent against a vein wall at said implantation site so as to block

blood flow past said stent; and |

allowing said stent to form a blockage at said implantation site as said stent 1S

absorbed.

12. A method in accordance with claim 11 wherein said stent is introduced via a

deep venous system approach.

13. A method in accordance with claim 11 wherein said stent 1s introduced via

cephalic vein approach.

14. A method in accordance with claim 11 wherein said stent is introduced via a

superticial venous system approach.

15. - A method in accordance with claim 11 wherein said stent is introduced via a

- sheath introducer.

16. A method in accordance with claim 11. wherein said stent 1s introduced via a

sheath introducer and a guide wire.



CA 02546167 2006-05-16

WO 2005/048884 PCT/US2004/038274
-14:

17. A method in accordance with claim 11 wherein said stent is intr_oduc'ed‘by way of

magrmetic guidance.

18. A method in accordance with claim 11 wherein said stent is 'deployed‘using a

balloon catheter.

19. ‘A method in accordance with claim 11 wherein said stent is deployed using a

balloon catheter and manipulation of said closure means.

20. A temporary absorbable venous occlusive steht; comprising:
a stent body comprising a bio-absorbable material; and
a closure configuration associated with said stent body for blocking blood flow

past said stent when implanted in a vein.
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