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(57) ABSTRACT 

Methods and systems for improving the competency of a 
venous valve wherein one or more compressor(s) (e.g., space 
occupying material(s) or implantable device(s)) is/are deliv 
ered to one or more location(s) adjacent to a venous valve to 
compress the venous valve in a manner that causes one or both 
leaflets of the valve to move toward the other, thereby improv 
ing closure or coaptation of the valve leaflets. The compressor 
(s) may be delivered by an open Surgical approach, by a direct 
percutaneous approach or by a transluminal catheter-based 
approach. 
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METHODS, DEVICES AND SYSTEMS FOR 
TREATING VENOUS INSUFFICIENCY 

FIELD OF THE INVENTION 

0001. The present invention relates generally to medical 
devices and methods, and more particularly to devices and 
methods for treating incompetent venous valves. 

BACKGROUND 

0002. The venous vasculature of the lower extremities 
includes Superficial veins (such as the lesser and greater 
Saphenous veins and their tributaries), deep veins (such as the 
anterior tibial, posterior tibial, peroneal, popliteal, deep 
femoral, Superficial femoral, and iliac veins) and perforator 
veins (veins which connect the superficial veins to the deep 
veins). All veins of the lower extremities have valves which 
prevent the blood from falling (refluxing) back down the leg 
and help to keep the venous return blood flowing only in one 
direction, i.e., toward the heart. Each venous valve consists of 
two leaflets that move apart from one another as blood flows 
up the leg toward the heart and, thereafter, move toward one 
another so that they come into contact (i.e...coaptation) with 
each other, thereby preventing blood from backflowing in a 
direction away from the heart. 
0003. The congenital absence or incompetence of the 
venous valves results in a condition known as Chronic Venous 
Insufficiency (CVI). In CVI, venous blood tends to pool in the 
lower leg. This can cause distention of the veins (i.e., varicose 
veins), edema or Swelling, pain, skin discoloration and, in 
severe cases, skin ulcers. In cases where the incompetent 
valves are located in superficial or perforator veins, the prob 
lem can be remedied by surgical removal of the affected 
veins. However, when the incompetent venous valves are 
located in deep veins, other treatment approaches must be 
considered because the deep veins are generally essential and 
cannot be removed. 

0004. The prior art has included various means for treating 
CVI, ranging from palliative techniques such as the wearing 
of contrictive stockings to Surgical procedures such as vein 
removal, vein bypass, valvuloplasty or replacement of the 
affected venous valve with a transplanted homograft valve 
from elsewhere in the patient's venous vasculature or with a 
prosthetic valve. Examples of devices and techniques for 
treatment of incompetent venous valves are described in U.S. 
Pat. Nos. 7,018,408, 6,958,076, 6,902,576, 6,716,241, 6,652, 
578, 6,562,068, 6,458,153, 6,319,281, 6,299,637, 6,241,763 
and 5,824,061 and United States Patent Application Publica 
tions Nos. 20070265699, 20070129788, 200701 12423, 
20070067021, 20070050013, 20060282157, 20060247762, 
20060178730, 20060178729, 20060167543, 20050137681, 
20050137676, 20040215339, 20040193253, 20040106976, 
2004.0024447, 2003.0171802, 2003.0130727, 20040133267, 
20030055492, 20030023300, 20020177894, 2001 0021872 
and 20010011189. 

0005. In particular, United States Patent Application Pub 
lication No. 20040133267 (Lane) describes external stents to 
render incompetent venous valves competent. In one embodi 
ment, the external stent comprises an inelastic bio-compatible 
cuff that encircles the venous valve cusps decreasing the 
internal diameter of the vein wall to allow apposition of the 
cusps and create improved competence of the valve. 
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0006. There remains a need in the art for the development 
of new devices and methods for repairing incompetent 
venous valves. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a method and system 
for improving the competency of a venous valve wherein a 
compressor (e.g., a space occupying material or implantable 
device) is delivered at one or more location(s) adjacent to the 
venous valve to cause one or both leaflets of the valve to move 
toward the other, thereby improving closure or coaptation of 
the valve leaflets. 

0008. In accordance with one embodiment of the inven 
tion, a compressor comprising a quantity of space occupying 
material is injected into tissue at one or more location(s) 
adjacent to the venous valve. This space occupying material 
compresses the venous valve in a manner that cause one or 
both leaflets of the valve to move toward the other, thereby 
improving closure or coaptation of the valve leaflets. 
0009. Further in accordance with another embodiment of 
the invention, a compressor comprising one or more implant 
able device(s) is/are implanted at one or more location(s) 
adjacent to the venous valve. Such implanted device(s) com 
presses the venous valve in a manner that causes one or both 
leaflets of the valve to move toward the other, thereby improv 
ing closure or coaptation of the valve leaflets. Various types of 
implantable device may be used, including but not limited to 
expandable or self expanding members, balloons or inflatable 
members, springs, etc. 
0010 Still further in accordance with the invention, the 
compressor (e.g., space occupying material or implantable 
device(s)) may be delivered to the desired location(s) adja 
cent to the venous valve by any suitable means including by 
open Surgery (e.g., directly through an incision which exposes 
the area near the venous valve), by direct percutaneous injec 
tion/introduction or transluminally (e.g., using catheter(s) 
advanced through the vasculature to or near the site of the 
venous valve). In one example of a transluminal approach, a 
catheter having a tissue penetrator (e.g., an advanceable 
needle) may be advanced into the lumen of the vein in which 
the insufficient venous valve is located or an adjacent blood 
vessel near the incompetent venous valve. The penetrator 
may then be advanced from the catheter to a desired position 
adjacent to the venous valve. Thereafter, the compressor (e.g., 
space occupying material or implantable device(s)) may be 
delivered from, through or over the penetrator to the desired 
location adjacent the venous valve such that the compressor 
compresses the venous valve in a manner that causes one or 
both leaflets of the venous valve to move closer to the other, 
thereby improving closure of the leaflets and competency of 
the valve. Thereafter, the penetrator may be retracted into the 
catheter and the catheter may be removed. 
0011 Further aspects, elements, embodiments, objects 
and advantages of the present invention will be appreciated by 
those of skill in the relevant art upon reading the detailed 
description and examples set forth herebelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a diagram of a human leg showing various 
veins of the leg. 
(0013 FIG. 1A is an enlarged view of area 1A of FIG. 1. 
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0014 FIG. 1B is a transverse sectional diagram of a vein 
having a competent venous valve in its closed position, with 
normal coaptation of the valve leaflets. 
0015 FIG. 1C is a transverse sectional diagram of a vein 
having a competent venous valve in its open position. 
0016 FIG. 1D is a transverse sectional diagram of a vein 
having an incompetent venous valve in its closed position, 
showing non-coaptation of the valve leaflets. 
0017 FIGS. 2A-2C show steps in a general method for 
using a transluminally inserted catheter to deliver a compres 
Sor to treat an incompetent venous valve. 
0018 FIGS. 2D-2F show optional additional steps in the 
general method of preceding FIGS. 2A-2C. 
0019 FIG. 3 is schematic illustration showing a tissue 
penetrating catheter system operatively inserted into a human 
patient and being used to perform a venous valve treatment 
method of the present invention. 
0020 FIG. 3A is a side view of the tissue penetrating 
catheter device shown in FIG. 3. 
0021 FIG.3B is an enlarged, partially fragmentary, eleva 
tional view of a distal portion of the tissue penetrating cath 
eter device seen in FIG. 3A. 
0022 FIG. 3C is a non-fragmented cross sectional view 
through line 3C-3C of FIG.3B. 
0023 FIG. 3D is a cross sectional view through line 
3D-3D Of FIG. 3B. 
0024 FIG.3E is a cross sectional view through line3E-3E 
of FIG. 3B. 
0025 FIG.3F is a perspective view of the marker structure 
of the tissue penetrating catheter shown in FIGS. 3A-3E. 
0026 FIG. 3G is a non-fragmented cross sectional view 
through line 3G-3G of FIG. 3B. 
0027 FIG. 4A shows an example of an intravascular ultra 
Sound image that the operator may see when the tissue pen 
etrating catheter has been positioned within the lumen of the 
affected vein near the venous valve to be treated, but wherein 
the tissue penetrating catheter is not in the proper rotational 
orientation to cause the projected penetrator path to be 
directed toward the intended target location (T) at which the 
compressor is to be delivered. 
0028 FIG. 4B shows an example of an intravascular ultra 
Sound image that the operator may see after the rotational 
orientation of the tissue penetrating catheter of FIG. 4A has 
been adjusted so that the projected penetrator path is directed 
toward the intended target location (T) at which the compres 
sor is to be delivered. 
0029 FIGS. 5A and 5B are schematic diagrams showing 
steps in a particular embodiment of the method of the present 
invention wherein a compressor comprising a helical wire is 
advanced around the venous valve so as to cause the desired 
compression of the venous valve. 
0030 FIGS. 6A and 6B are schematic diagrams showing 
steps in a particular embodiment of the method of the present 
invention wherein a compressor comprising one or more 
expandable implantable device(s) is/are implanted adjacent 
to the venous valve so as to cause the desired compression of 
the venous valve. 
0031 FIG. 6C is a perspective view of a compressor of the 
present invention which comprises a radially expandable 
tubular member. 
0032 FIG. 6D is a top view of another compressor of the 
present invention which comprises an implantable spring 
device formed of a Zig-Zag member which forms an indented 
r1ng. 
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0033 FIG. 6E is a perspective view of the implantable 
spring device of FIG. 6D. 
0034 FIG. 7 is a schematic diagram of a method of the 
present invention wherein a tissue penetrating catheter is 
positioned in an artery and used to deliver a compressor to a 
location adjacent to a venous valve of a neighboring vein. 
0035 FIG. 8A is a schematic diagram of a step in a method 
of the present invention wherein a tissue penetrating catheter 
is positioned in an artery and used to deliver a compressor 
comprising a clip device which contracts around a venous 
valve to improve coaptation of the leaflets of the venous 
valve. 
0036 FIG. 8A is a schematic diagram of another step in 
the method of FIG. 8A showing the clip device contracted 
around the venous valve after the tissue penetrating catheter 
has been removed. 
0037 FIGS. 8C and 8D are side views of the clip device 
used in the method of FIGS. 8A and 8B. In FIG. 8A, a wire 
mandrel is inserted into the device causing the clip member to 
have a first curved configuration which allows it to safely 
advance around the exterior of a venous valve. In FIG.8D, the 
wire mandrel has been removed, allowing the clip member to 
assume a second curved or coiled configuration which causes 
it to compress the venous valve thereby improving closure of 
the valve leaflets. 
0038 FIG. 9 is a side view of a venous valve compressor 
device of the present invention which comprises ahelical wire 
that is biased to a tight helical configuration and a biodegrad 
able polymer covering on the wire that is biased to a looser 
helical configuration so that the device will initially advance 
around the valve and will subsequently contract as the biode 
gradable covering degrades, thereby compressing the venous 
valve. 
0039 FIG. 9A is a cross sectional view through line 
9A9A of FIG. 9. 
0040 FIG. 10 is a schematic diagram of an artery having a 
venous valve compression system of the present invention 
positioned around the valve. Such compression system com 
prising a biodegradable spacer Surrounded by a helical wire 
compressor, the helical wire compressor being biased to a 
diameter that is smaller than the outer diameter of the spacer 
and will compress the venous valve after the biodegradable 
spacer has degraded. 
0041 FIG. 10A is a schematic diagram showing the heli 
cal wire compressor of FIG. 10 after the biodegradable spacer 
has degraded and the helical wire compressor has contracted 
to its smaller diameter, thereby compressing the venous 
valve. 

DETAILED DESCRIPTION AND EXAMPLES 

0042. The following detailed description and the accom 
panying drawings are intended to describe some, but not 
necessarily all, examples or embodiments of the invention. 
The contents of this detailed description and accompanying 
drawings do not limit the scope of the invention in any way. 
0043 Referring to the accompanying drawings, FIG. 1 
shows various veins of the human leg including the femoral 
vein FV, great saphenous vein GSV and popliteal vein PV. In 
the enlarged view of FIG. 1A, it can be appreciated that the 
femoral vein FV is an example of a deep vein, the great 
Saphenous vein is an example of a Superficial vein and Smaller 
perforator veins PRF run between the deep veins and super 
ficial veins. 
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0044 FIG. 1B shows a normal venous valve V V in a 
closed position such that the leaflets L of the venous valve V 
V meet or coapt with one another, thereby blocking retro 
grade flow of blood through the venous valve VV. 
004.5 FIG. 1C shows a normal venous valve V V in an 
open position such that the leaflets Lofthe valve are separated 
from one another allowing venous blood to flow through the 
venous valve VV toward the heart. 

0046 FIG. 1D shows an incompetent venous valve VV in 
a closed position such that the leaflets L of the valve do not 
fully coapt with one another, thereby allowing retrograde 
flow of blood through the valve VV. 
0047 FIGS. 2A through 2C show steps in a general 
example of a transluminal method of the present invention 
wherein a tissue penetrating catheter 11 is inserted into the 
lumen of the vein V in which an incompetent venous valve V 
V is located. Optionally, a guidewire GW may be inserted first 
and the catheter 11 may then be advanced over the guidewire 
GW. A penetrator 85 is advanced from the catheter 11 into 
tissue adjacent to the venous valve VV. A compressor 10 is 
then delivered over or through the penetrator 85 such that the 
compressor 10 becomes implanted or forms a mass at a loca 
tion outside of and adjacent to the venous valve VV, thereby 
causing compression of the valve VV in a manner that causes 
at least one of the valve leaflets L to move toward the other 
leaflet L. This improves the degree of closure of the leaflets L 
and the competency of the valve VV. As described in more 
detail below, the compressor 10 may be a space occupying 
material and/or one or more implantable device(s)). In some 
embodiments, the compressor may fully or partially surround 
the venous valve V V (e.g., a full or partial ring or helical 
spring may be advanced fully or partially around the valve) 
while in other embodiments the compressor 10 may be con 
figured so that it is positioned on just one side of the venous 
valve V V (e.g., next to the base of one of the leaflet(s) and 
approximately 90 degrees from the valve commissure or 
plane of separation between the leaflets). As explained in 
more detail herebelow, the tissue penetrating catheter 11 may 
be provided with imageable markers and/or an on-board 
imaging apparatus Such as an intravascular ultrasound 
(IVUS) device to aid the operator in adjusting the longitudinal 
position and rotation orientation of the catheter 11 prior to 
advancement of the penetrator 85 to ensure that the penetrator 
85 will subsequently advance to the intended location (e.g., 
next to the base of one of the leaflet(s) and approximately 90 
degrees from the valve commissure or plane of separation 
between the leaflets) and not to some other unintended or less 
desirable location. 

0048. In some embodiments where the compressor 10 is 
positioned at a discrete location on just one side of the venous 
valve VV, a single compressor 10 may move the leaflets L 
together adequately to restore substantial coaptation of the 
leaflets L, as seen in FIG. 2C. However, in other cases, it may 
be desirable to deliver one or more additional compressor(s) 
to other location(s) adjacent to the venous valve VV. Accord 
ingly, FIGS. 2D through 2F show optional additional steps 
that may be performed to deliver additional compressor(s) 10 
to additional location(s) adjacent to the venous valve VV. As 
shown in FIG. 2D, the tissue penetrating catheter 11 remains 
positioned within (or if previously removed, has been rein 
serted into) the lumen of the vein V and the longitudinal 
position and/or rotational orientation of the catheter 11 has 
been adjusted as needed to aim the penetrator 85 toward an 
intended site that, in this example, is diametrically opposite 
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the location at which the first compressor 10 had been 
implanted (e.g., next to the base of the other leaflet, approxi 
mately 90 degrees from the valve commissure or plane of 
separation between the leaflets and approximately 180 
degrees from the previously implanted compressor). After the 
penetrator 85 has been advanced to this desired location, a 
second compressor 10 is delivered to the second location as 
shown in FIG. 2E. This exerts compressive force inwardly on 
the venous valve VV in a direction opposite the compressive 
force exerted by the first compressor 10 (delivered in FIG. 
2B) and causes the leaflets L to move further together as seen 
in FIG. 2F. 

0049. In any embodiments of the present invention, any 
Suitable technique, such as contrast radiography and/or imag 
ing (e.g., ultrasound imaging) of the valve leaflets L. may be 
used to determine when the leaflets L have been sufficiently 
repositioned to once again render the valve V V competent. 
0050. In some embodiments, the compressor 10 may com 
prise injectable space occupying material(s) that may be 
injected through a lumen in the penetrator 85 or through a 
small catheter that has been advanced through a lumen of the 
penetrator 85. Such injectable space occupying material will 
form a depot or mass at the intended location(s) adjacent to 
the venous valve VV. The amount of such material(s) injected 
will be sufficient to exert pressure on the valve V V to cause 
the desired shift in the position of at least one valve leaflet L 
and resulting in improved coaptation of the valve leaflets L 
during closure of the valve. Examples of injectable materials 
that may be used for this purpose include but are not neces 
sarily limited to; bulking agents, fat, collagens (e.g., col 
lagens from human animal sources), crosslinked collagens 
(e.g., Zyplast(R), Allergan-Inamed, Santa Barbara, Calif.), 
autologus collagen (Autologen; Collagenesis Inc., Beverly, 
Mass.); polymethylmethacrylate microspheres suspended in 
bovine collagen (Artecollr; Rofil Medical International NV. 
Breda, The Netherlands), acellular freeze dried human cadav 
eric dermis (Allolderm(R), LifeCell Corporation, Branchburg, 
N.J.), micronized acellular freeze dried human cadaveric der 
mis (Cymetra R, LifeCell Corporation, Branchburg, N.J.), 
cultured autologous fibroblasts (Isolagen R, Isolagen Tech 
nologies, Inc., Exton, Pa.), hyaluronic acid, crosslinked 
hyaluronic acid (Hylaform R gel; Allergan-Inamed, Santa 
Barbara, Calif.; and Genzyme Corporation, Cambridge, 
Mass.), stabilized hyaluronic acid derivatives (Restylane.R., 
Q-Med AB, Uppsala, Sweden), calcium hydroxyl appetite 
suspension (RadiesseR), Bioform Medical, Inc., San Mateo, 
Calif.), solubilized elastin peptides with bovine collagen (En 
doplast-50R), Laboratoiries Filorga, Paris, France), dextran 
beads suspended in hylan gel (Reviderm R), Rofil Medical 
International NV. Breda, The Netherlands), silicones (e.g., 
high-viscosity liquid silicone such as Adatosil-5000TM and 
Silikon-1000TM, Dow Corning, Midland Mich.), poly-L-lac 
tic acid (Sculptra R, Dermik Aesthetics, Berwyn, Pa.), 
expanded polytetrafluoroethylene (e-PTFE) (e.g., Soft 
FormTM from Collagen Aesthetics, Inc., acquired by Aller 
gan-Inamed, Santa Barbara, Calif. or AdvantaTM from Atrium 
Medical Corporation, Hudson, N.H.), etc. 
0051. In other embodiments, the compressor 10 may com 
prise one or more implantable device(s) which exert pressure 
on the venous valve V. V. Such implantable device(s) may 
comprise one or more relatively simple space occupying 
articles or apparatus Such as, for example, beads, balls, fila 
ment(s), strand(s), coils, Suture material, etc. Or, Such 
implantable device(s) may comprise and expandable implant 
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Such as a stent, an expandable cage, expandable cylinder, 
expandable ball, other expandable structures, implantable 
balloons, implantable balloons filled with Solid, liquid, gas 
eous or gelatinous material, implantable tissue expanders, 
etc. 
0052 Alternatively, the compressor 10 may comprise 
implantable device(s) such as a ring, partial ring, helix or 
other member that may be advanced around or partially 
around the venous valve V V and caused to exert inward 
pressure on the venous valve VV. 
0053 Some non-limiting examples of implantable devices 
that may be used in this invention are shown in FIGS.5A-6E 
and will be discussed in detail elsewhere in this patent appli 
cation. 
0054 FIGS. 3A-3G show details of one example of a 
tissue penetrating catheter 11 that may be used for translumi 
nal delivery of the compressor 10. This tissue penetrating 
catheter 11 includes an elongated catheter body 13 having a 
proximal end 15, a distal end 17, a handle 19 and a hub 21 
coupled to the proximal end of the catheter body 15 and to the 
handle. The handle 19 may also serve as a controller for use in 
advancing and retracting the penetrating instrument, such as 
a tissue penetrator 85 described more fully below. 

The Catheter Body 
0055. The catheter body 13 includes a relatively rigid 
proximal section 23 which may be constructed, for example, 
ofa metal hypo tube and an elongated flexible distal section or 
region suitably joined to and extending distally from the 
proximal section. A hand piece 19 is attached to the proximal 
end of the proximal section 23, as shown. In the preferred 
embodiment for performing procedures in the veins of the 
leg, the hand piece 19 and proximal section 23 are approxi 
mately 150 cm in length. The flexible distal section may 
incorporate a reinforcement member such as a wire braid 400 
as shown in FIG. 3D and, which in the example shown may be 
approximately 130 cm in length. This braid 400 may termi 
nate approximately 3 cm from the distal end 17. 
0056. In this example, the catheter body 13 has a penetra 
tor lumen 27 that terminates distally at an exit location or exit 
port 29 on the side wall of the catheter. The penetrator lumen 
27 extends proximally from the exit port 29 to the proximal 
end 15 of the catheter body 13 and communicates with the 
interior of the handle 19 through the hub 21. The penetrator 
lumen 27 contains the tissue penetrator 85, which is advance 
able from the catheter body 13 through the wall of blood 
vessel in which the catheter body 13 is positioned and to a 
desired location outside of and adjacent to the incompetent 
venous valve. The exit port 29 is preferably located a short 
distance proximal to the distal tip 17. A radiopaque marker 
may be mounted on the lumen 27 adjacent the exit port 29. 
0057. In some applications, the compressor 10 may com 
prise a space occupying Substance that is formed by the mix 
ture or chemical reaction of two or more component Sub 
stances. In such applications, the penetrator 85 or other 
injector device may have two or more lumens may be used to 
inject the component Substances so that they become com 
bined in situ at the implantation site or within the injection 
device shortly before the resultant component mixture enters 
the implantation site. Examples of other multiple-component 
injector devices that may be used for injection of multiple 
components in this manner include but are not necessarily 
limited to those described in U.S. Provisional Patent Appli 
cation No. 60/878,527 filed Jan. 3, 2007 and in U.S. patent 
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application Ser. No. 1 1/426.219 filed Jun. 23, 2006 (pub 
lished as United States Published Patent Application 2007 
0014784), which claims priority to U.S. Provisional Patent 
Application No. 60/693,749 filed Jun. 23, 2005 and 60/743, 
686 filed Mar. 23, 2006, the entire disclosures of each such 
patent application being expressly incorporated herein by 
reference. 
0058. The catheter body 13 may also have a guidewire 
lumen 35 which extends to the distal end 17 of the catheter 
body 13. In this embodiment, the guidewire lumen 35 extends 
proximally to an inlet port 37 on the catheter side wall adja 
cent to the proximal section 23. The catheter body also has a 
lead lumen 39 for a purpose described below. 
0059. In this example, the catheter includes a tapered dis 

tal tip section 55 of soft, flexible, biocompatable material and 
exit port 29 is spaced slightly proximally of shoulder 57. 

Imaging Transducer 

0060. In the particular embodiment of the penetrating 
catheter 11 shown, an on-board imaging transducer 81 is 
positioned in the distal tip section 55 just distal to shoulder 57. 
In this embodiment, the imaging transducer 81 comprises a 
phased array transducer (e.g., an intravascular ultrasound 
transducer or IVUS) operative to image 360° about the cath 
eter 11. This imaging transducer 81 comprises an annular 
array of individual crystals or elements coupled to a multiplex 
circuit which is within the catheter body 13 adjacent the 
shoulder 57. The multiplex circuit is in turn coupled to leads 
which extend through the lead lumen 39 and a port or sidearm 
87 of the hub 21 to an imaging console 86. When activated, 
the imaging transducer 81 emits ultrasound signals and 
receives back echos or reflections which are representative of 
the nature of the Surrounding environment. The imaging 
transducer 81 provides an imaging signal from which an 
image of the Surrounding structures can be created by signal 
processing apparatus located in an imaging console having a 
display screen 89. A suitable phased array transducer as well 
as the accompanying circuitry and imaging console may be 
obtained commercially from Volcano Corporation of Rancho 
Cordova, Calif. or Intravascular Research Limited (United 
Kingdom). 

Orientation Marker 

0061 An imageable marker structure 101 is fixedly 
mounted on the catheter body 13 in a known circumferential 
orientation relative to the exit port 29. As seen in FIG.3F, this 
marker structure 101 is generally in the form of a cage having 
three longitudinal members 103 and 103pp. As seen in FIG. 
3G, this marker structure 101 is mounted on the catheter such 
that the imaging transducer 81 is within the longitudinal 
members 103 and 103pp. The longitudinal members 103 and 
103pp are disposed at circumferentially spaced apart loca 
tions. Each of these longitudinal members creates an image 
147 or 148 on the ultrasound display 89, as illustrated in 
FIGS. 4A and 4B. One of the longitudinal members 103pp is 
positioned at a circumferential position that is axially aligned 
with the exit port 29 or otherwise positioned to be indicative 
of the trajectory on which the tissue penetrator 85 will 
advance from the catheter body 13 and is designated as the 
penetrator path indicating member 103pp. As seen on FIGS. 
4A and 4B and described more fully herebelow, the ultra 
Sound image 147 created by this penetrator path indicating 
member 103PP is distinguishable from the images 148 cre 
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ated by the other two strut members 103, thereby providing to 
the operator an indication of the projected path on which the 
penetrator 85 will subsequently advance from the catheter 
body 13. 
0062 More specifically, FIGS. 4A and 4B are an illustra 
tion of what the operator may see on the display screen 89 
during performance of a trans-luminal method of the present 
invention using the particular tissue penetrating catheter 11 
shown in FIGS. 3A-3G. Specifically, in FIG. 4A, the tissue 
penetrating catheter 11 has been inserted into the vein and 
advanced to a position where the distal end of the catheter 11 
is within or protruding slightly through an incompetent 
venous valve V. V. On the image display 89, one can see the 
surrounding wall of the vein in which the catheter 11 is 
positioned as well as an indication of the target location T to 
which it is desired to advance the penetrator 85. The penetra 
tor path indicator 147 (i.e., the ultrasound image created by 
the penetrator path indicating member 103pp) is visually 
distinguishable from the images 148 created by the other 
longitudinal members 103 of the marker structure 101. In the 
example of FIG. 4A, this penetrator path indicator 147 is not 
directed toward the target area T. Thus, if the penetrator 85 
were to be advanced from the catheter body 13 at this time the 
penetrator 85 would not travel in the target area T. In view of 
this, the operator may rotate the catheter 11 until the penetra 
tortrajectory image 147 leads to the target area T, as shown in 
FIG. 4B. Thereafter, the penetrator 85 may be advanced with 
reasonable assurance that it will advance toward the target 
location T and not in Some other radial direction. 

0063. It will be appreciated that, as an alternative to the use 
of the marker structure 101, the imaging transducer 81 could 
be mounted in a fixed position and a selected one (or selected 
ones) of the individual imaging elements (e.g., crystals) of the 
phased array may be selected as being in longitudinal align 
ment with the exit port 29 or otherwise located so as to be 
indicative of the trajectory on which the penetrator 85 will 
advance from the catheter body 13. This selected imaging 
element(s) shall be referred to herein as the “penetrator-path 
indicating imaging element(s).'The imaging console 86 may 
include a computer or processor that is programed to display 
on the imaging display a marking (e.g., a vertical line or other 
Suitable making) that is in aligned with the radial location of 
the penetrator-path-indicating imaging element(s). Thus, 
Such marking will serve as a visual indicator of the trajectory 
that will be followed by the tissue penetrator 85 as it is 
advanced from the catheter body 13. It will be appreciated by 
those of skill in the art that this marking may be created on the 
imaging display Screen electronically (e.g., as an illuminated 
or colored line on the image) or it may be physically marked 
on the screen (e.g., by felt tipped marker or other Suitable 
marking material or apparatus Such as a template). In Such 
embodiments, the operator may rotate the catheter until the 
marking (e.g., vertical line) passes directly through the image 
of the venous valve to be repaired, thus indicating to the 
operator that when the tissue penetrator 85 is subsequently 
advanced from the exit port 29, it will advance toward the 
intended implantation site adjacent to the intended venous 
valve, and not in some other radial direction. 
0064. Also, as an alternative to the use of the marker 
structure 101 and any on-board imaging transducer 81, the 
catheter may include Suitable radiographic marking to allow 
the operator to rotationally adjust and radially orient the cath 
eter using fluoroscopy or other radiographic imaging. 
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0065 FIGS.5A and 5B show a method wherein the above 
described tissue penetrating catheter device 11 is used to 
implant a valve compressing device 10a which comprises a 
helical spring that advances around the venous valve VV and 
exerts inward pressure on the valve V V to move the valve 
leaflets Ltoward each other. In this example, a guidewire GW 
is initially inserted through an introducer that has been placed 
in the femoral vein and the guidewire is advanced in the 
retrograde direction through the vein V and through the 
venous valve VV to be treated. The tissue penetrating catheter 
11 is then advanced over the guidewire GW to a position 
where the penetrator outlet opening of the catheter 11 (see 
item 29 on FIG.3B) is located just below the base of the valve 
leaflets L. The longitudinal positioning of the catheter 11 may 
be guided or confirmed by X ray, fluoroscopy or other suitable 
means through radiographic visualizations of markers(s) or 
other radiopaque structures of the catheter 11 (e.g., the 
retracted penetrator 85 or its metal housing). Thereafter, as 
described above, the catheter 11 may be rotated to its desired 
rotational orientation so that the penetrator 85 is effectively 
aimed at the intended target location. For example, if the 
catheter 11 is equipped with the optional imaging transducer 
81, the imaging transducer will then be actuated and the 
operator, while viewing an image from the imaging trans 
ducer 81, will rotate the catheter 11 as needed until the pen 
etrator path indication 147 is aligned with the location where 
it is desired to initially introduce the compressor device 10a. 
As seen in FIG. 5B, after the catheter 11 has been positioned 
and rotationally oriented so that the penetrator 85 is effec 
tively aimed at the desired location, the penetrator 85 is 
advanced to the desired location. In this example, the pen 
etrator 85 comprises a hollow needle having a lumen. There 
after, the compressor device 10a, which in this case comprises 
an elastic or superelastic wire that it set to a desired helical 
configuration, is advanced through the lumen of the penetra 
tor 85 such that it exits the distal end of the penetrator and 
advances on a helical path around the venous valve V V as 
shown. In some embodiments, the compressor device 10a 
may be formed at least partially of a shape memory material, 
Such as a nickel-titanium alloy which has been processed 
according to techniques well known in the art so that, follow 
ing implantation, as it warms to body temperature the device 
10a closes or tightens around the valve, thereby inwardly 
compressing the valve. Alternatively, in some embodiments, 
the compressor device 10a may be pre-sized for the vein 
diameter so that different sized vessels will receive different 
diameter wires. The valve diameter may be measured by 
known imaging techniques and the desired size of wire may 
be loaded into the delivery system, similar to stent sizing 
techniques currently used in the art. 
0066. It will be appreciated that, as an alternative to this 
helical device 10a, other devices that surround or partially 
Surround the valve VV. Such as rings or partial rings, may also 
be used in a manner similar to that described here. 

0067 FIGS. 6A and 6B show an example of a compressor 
10b which comprises an implantable device that is position 
able at a discrete location adjacent to the venous valve VV 
and expands to exert pressure on the valve VV. This embodi 
ment of the compressor 10b may be either self expanding or 
pressure expandable. As shown in FIG. 6A, the tissue pen 
etrating catheter 11 is inserted, longitudinally positioned and 
rotationally oriented as described above with respect to FIG. 
5A. Thereafter, the penetrator 85 is advanced to the location 
where implantation of the compressor 10b is desired (e.g., 
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outside of the valve next to the base of one of the leaflet(s) and 
approximately 90 degrees from the valve commissure or 
plane of separation between the leaflets). Thereafter, the com 
pressor is delivered from, over or through the penetrator 85 
Such that it expands and becomes implanted adjacent to the 
venous valve V V as shown in FIG. 6B. Optionally, one or 
more additional compressor(s) 10b may also be delivered to 
other locations adjacent to the valve V. V. In embodiments 
where the compressor device 10b is self-expanding, it may be 
mounted on the outer surface of the penetrator 85 and may be 
constrained by a sheath, clips, ties or other constraint appa 
ratus during advancement to the implantation site. Thereafter, 
the constraint apparatus may be removed or deactivated, 
thereby allowing the compressor device 10b to self-expand. 
Alternatively, where the device 10b is self-expanding, it may 
be delivered through (e.g., pushed through) the lumen of a 
hollow penetrator 85 while in a collapsed state and allowed to 
expand in situ as it exits out of the distal end opening of the 
hollow penetrator 85. Examples of small self-expanding 
stents or otherself expanding devices that may be used for this 
purpose include but are not limited to the COMPLETETM 
stent available from Medtronic Vascular, Inc. Santa Rosa, 
Calif. as well as small self expanding stents available from 
Johnson & Johnson Cordis, Boston Scientific, eV3 and oth 
ers. In embodiments where the compressor device 10b is 
pressure expandable, the penetrator 85 may have a balloon or 
other expander apparatus mounted on its outer Surface and the 
compressor device 10b may be initially crimped or otherwise 
mounted over that balloon or expander so that, after the pen 
etrator has been advanced, the balloon or other expander 
apparatus may be expanded, thereby causing the compressor 
10b to plastically deform to an expanded configuration. Alter 
natively, the compressor device 10b may be initially crimped 
or otherwise mounted on a delivery catheter that has a balloon 
or other expander apparatus thereon and that delivery catheter 
may then be advanced through the lumen of a hollow pen 
etrator 85 and out of its distal end. Thereafter, the balloon or 
other expander may be expanded causing the compressor 10b 
to deform to its expanded configuration. Examples of Small 
balloon-expandable, plastically deformable stents or other 
devices that may be used as the compressor device 10b and 
delivery catheters therefore include the Guidant MULTI 
LINK RXPIXEL(R) Coronary Stent System (Abbott Vascular, 
Inc., Santa Clara, Calif.) and the Micro-DriverR) Coronary 
Stent System (Medtronic Vascular, Inc., Santa Rosa, Calif.). 
Another small balloon catheter device that may be used for 
delivery and expansion of a pressure expandable compressor 
device 10b is a balloon equipped guidewire having a balloon 
that has a deflated diameter of about 0.028 inch and a fully 
inflated diameter of about 5.5 mm (GuardWireR Temporary 
Occlusion System, Medtronic Vascular, Inc., Santa Rosa, 
Calif.). 
0068. After the compressor 10b has been expanded suffi 
ciently to exert the desired pressure on the venous valve, the 
balloon or expander may be deflated or collapsed, the pen 
etrator 85 (and any deliver catheter used) may be retracted 
into the penetrating catheter 11, and the penetrating catheter 
11 may be removed, leaving the compressor device(s) 10b in 
place, as shown in FIG. 6B. 
0069 FIGS. 6C-6E show non-limiting examples of some 
expandable compressor devices 10b that could be used in this 
invention. For example, FIG. 6C shows an expandable, sub 
stantially cylindrical mesh tube 10b-1 in the nature of a stent 
that may be self-expanding or pressure expandable. FIGS. 6D 
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and 6E show an implantable spring device formed ofa Zig-Zag 
member which forms and indented ring 10b-2. The indented 
side of this device may be positioned adjacent to the venous 
valve V V so that it extends partially around the valve. This 
device 10b-2 may also be either self expanding or pressure 
expandable. 
0070 Any delivery catheter that is to be advanced out of 
the penetrator 85 may itself have a sharp distal tip to facilitate 
its desired advancement through tissue to the desired implan 
tation site. 

0071. It will be appreciated that, in embodiments where 
the compressor 10 is delivered transluminally using one or 
more catheters, it will be desirable to insert and remove the 
catheters in a manner that allows the procedure to be per 
formed without causing damage or further damage to any 
venous valve leaflets L, including the leaflets of the valve on 
which the procedure is being performed. To accomplish this, 
the tissue penetrating catheter 11 and/or other catheter(s) 
used to perform the procedure, will be sufficiently small in 
diameter and of a configuration that is sufficiently atraumatic 
to be advanced through venous valves V V without causing 
Substantial damage to the valve leaflets L. Additionally, a 
lubricious coating, such as a hydrogel coating, may be 
applied to the outer surfaces of the catheter(s) to limit friction 
on the leaflets L as the catheter(s) pass between the leaflets L. 
Also, in some cases, rather than entering the venous vascula 
ture though a femoral Venipuncture site and advancing the 
catheter(s) in the retrograde direction (i.e., opposite normal 
venous blood flow), it may be desirable to enter the venous 
vasculature percutaneously or by cut-down at a site that is 
distal to the venous valve to be treated and then advance the 
catheter(s) through venous valves in the direction of normal 
venous blood flow, thereby causing the valve leaflets L to 
separate in a natural fashion. 
0072 Alternatively, as shown in FIG. 7, it is possible to 
insert the penetrating catheter 11 into the arterial vasculature 
and to advance the catheter 11 into an artery A near the venous 
valve V V to be treated, thereby avoiding any potential for 
damage of venous valves by advancement of the catheter 11. 
The orientation apparatus of the catheter may then be used to 
essentially aim the penetrator 85 at the venous valve V V in 
the adjacent vein V and the penetrator 85 may then be 
advanced to a location outside of but near the venous valve 
VV, as shown. Thereafter, a compressor 10 may be delivered 
over, from or through the penetrator 85 as described above. 
0073. It is to be further appreciated that, in some embodi 
ments of the invention, the compressor device may be 
designed to initially advance fully or partially around the 
exterior of the venous valve so as not to puncture into the 
valve itself and to Subsequently contract to a smaller diameter 
or cross-dimension so as then compress the valve inwardly 
thereby improving coaptation of the valve leaflets. To accom 
plish this, the compressor may initially have a first curved 
shape and may subsequently contract to more tightly curved 
or coiled shape. For example, FIGS. 8A-8D show an embodi 
ment of a compressor device 10f which comprises a tubular 
catheter 92 having a clip member 94 connected to its distal 
end by way of a releasable connection 98. Alumen or central 
passage extends longitudinally though the clip member 94 in 
alignment with the lumen of the catheter 92. An elastic or 
super elastic wire mandrel 96 is initially inserted through the 
lumen of the catheter 92 and into the lumen of the clip mem 
ber 94. This system is then advanced through the lumen of the 
penetrator 85. As the clip member 94 advances out of the 



US 2009/0248142 A1 

distal end of the penetrator 85, it assumes the first curved 
configuration of the wire mandrel (shown in FIG. 8C) which 
allows it to advance around the exterior of the venous valve 
VV without penetrating into the venous valve in the manner 
shown in FIG. 8A. Thereafter, the wire mandrel is removed, 
allowing the clip member 94 to contract to its more tightly 
coiled shape (seen in FIG. 8D) thereby compressing the 
venous valve VV to improve coaptation of the valve leaflets L. 
Thereafter, the releasable connection is released, the catheter 
portion 92 is retracted back into the penetrator 85, the pen 
etrator 85 is retracted back into the tissue penetrating catheter 
11 and the tissue penetrating catheter 11 is removed, leaving 
just the clip member 94 in place as seen in FIG. 8B. Various 
types of releasable connections useable in this system are 
known in the art of medical catheter-based device design 
including connections that separate by force, melt, thermally 
degrade, dissolve, release by hydraulic or fluid pressure, or 
otherwise separate. 
0074 FIGS. 9 and 9A show yet another embodiment of a 
venous valve compressor device 10g that has a first configu 
ration that allows it to advance around the exterior of a venous 
valve and, thereafter, contracts to a second configuration that 
causes compression of the venous valve to improve closure of 
the valve leaflets. This compressor 10g comprises a helical 
wire 98 that is biased to the second configuration (e.g., a tight 
helical or curved configuration) and a biodegradable polymer 
covering 100 on the wire that initially overcomes the bias of 
the wire 98 so that the wire can only curve to the first con 
figuration (e.g., a looser helical or curved configuration). 
Initially, this device 10g may be advanced around a venous 
valve in the same manner as shown in FIGS.5A and 5B and 
described above. Thereafter, as the device 10g remains 
implanted, the biodegradable covering 100 will degrade 
thereby allowing the wire 98 to contract around the venous 
valve to cause the desired compression of the venous valve. 
0075 FIGS. 10 and 10A show yet another approach using 
a venous valve compressor system 10h that comprises a bio 
degradable spacer 102 that is initially placed around the 
venous valve VV surrounded by a helical wire compressor 
104. Such a spacer 102 may comprise a biodegradable poly 
mer that is delivered through the lumen of the penetrator 85 of 
the tissue penetrating catheter and allowed to Solidify in place 
or any other suitable type of biodegradable material that may 
be installed around the venous valve. The helical wire com 
pressor 104 is biased to a curve or coiled diameter that ini 
tially cannot compress the spacer 102 but will later contract to 
compress the venous valve after the biodegradable spacer 102 
has degraded. Initially, the wire compressor 104 is advanced 
around the spacer 102 and the spacer 102 prevents the distal 
tip of the wire compressor 104 from penetrating into the 
venous valve as it advances around the spacer 102 as seen in 
FIG. 10. In time, the spacer 102 biodegrades, allowing the 
helical wire compressor 104 to contract to its smaller diam 
eter, thereby compressing the venous valve VV and improv 
ing closure of the valve leaflets L as seen in FIG. 10A. 
0076. It is to be further appreciated that the invention has 
been described hereabove with reference to certain examples 
or embodiments of the invention but that various additions, 
deletions, alterations and modifications may be made to those 
examples and embodiments without departing from the 
intended spirit and scope of the invention. For example, any 
element or attribute of one embodiment or example may be 
incorporated into or used with another embodiment or 
example, unless to do so would render the embodiment or 

Oct. 1, 2009 

example unsuitable for its intended use. Also, where the steps 
of a method or process are described, listed or claimed in a 
particular order, such steps may be performed in any other 
order unless to do so would render the embodiment or 
example not novel, obvious to a person of ordinary skill in the 
relevant art or unsuitable for its intended use. All reasonable 
additions, deletions, modifications and alterations are to be 
considered equivalents of the described examples and 
embodiments and are to be included within the scope of the 
following claims. 
What is claimed is: 
1. A method for improving function of a venous valve 

comprising the step of 
A) implanting a compressor at a location which com 

presses the venous valve in a manner that improves 
closure of the venous valve leaflets. 

2. A method according to claim 1 wherein the compressor 
comprises an injectable Substance and wherein Step A com 
prises delivering said Substance to at least one interstitial 
location where it causes compression of the venous valve. 

3. A method according to claim 1 wherein the compressor 
comprises at least one device and wherein Step A comprises 
implanting said at least one device in at least one location 
adjacent to the venous valve. 

4. A method according to claim 1 wherein Step A com 
prises: 

positioning, within the lumen of the vein in which the 
venous valve is located or within the lumen of another 
blood vessel near the venous valve, a tissue penetrating 
catheter that has a penetrator that is advanceable from 
the catheter; 

advancing the penetrator from the tissue penetrating cath 
eter to a target location outside of the venous valve; and 

delivering the compressor over or through the penetrator. 
5. A method according to claim 4 wherein the tissue pen 

etrating catheter is equipped with orientation apparatus use 
able to determine a projected penetrator path on which the 
penetrator will Subsequently advance from the catheter and 
wherein the method further comprises the steps of: 

using the orientation apparatus to determine a projected 
penetrator path relative to the target location; and 

adjusting the rotational orientation of the catheter as 
needed so that the projected penetrator path indicates 
that the penetrator will advance toward the target loca 
tion. 

6. A method according to claim 4 wherein the tissue pen 
etrating catheter is positioned in a vein. 

7. A method according to claim 6 wherein the tissue pen 
etrating catheter is positioned in the vein in which the venous 
valve is located. 

8. A method according to claim 6 wherein the tissue pen 
etrating catheter is positioned in a vein other than the vein in 
which the venous valve is located. 

9. A method according to claim 6 wherein the tissue pen 
etrating catheter is positioned in an artery. 

10. A method according to claim 2 wherein the space 
occupying Substance is selected from the group consisting of 

collagens: 
hyaluronic acid; 
polymeric materials; and 
hydrogels. 
11. A method according to claim 2 wherein the injectable 

substance expands after it has been delivered to the interstitial 
location. 
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12. A method according to claim3 wherein the compressor 
is selected from the group consisting of beads, balls, fila 
ments, springs, stents, cages, expandable structures, implant 
able balloons, implantable balloons filled with solid or gelati 
nous material and implantable tissue expanders. 

13. A method according to claim3 wherein the compressor 
comprises a device that is expandable from a non-expanded 
configuration to an expanded configuration and wherein the 
method comprises: 

i) advancing the compressor to a location outside of the 
venous valve while in a non-expanded configuration; 
and 

ii) causing the device to expand to its expanded configura 
tion. 

14. A method according to claim 13 wherein the compres 
Sor device self-expands and wherein constraint is applied to 
the device so that it is constrained in a non-expanded configu 
ration while being delivered to the interstitial location and, 
thereafter, the constraint is removed to allow the device to 
self-expand to an expanded configuration. 

15. A method according to claim 13 wherein the device is 
plastically deformable to its expanded configuration and 
wherein the device is delivered to the interstitial location 
while in its non-expanded configuration and is thereafter 
plastically deformed to its expanded configuration. 

16. A method according to claim 15 wherein the compres 
sor is delivered by a delivery catheter that has a balloon, and 
wherein, during delivery of the device, the balloon is deflated 
and the compressor is mounted on the deflated balloon in a 
non-expanded configuration and, thereafter, the balloon is 
inflated thereby causing the device to expand to its expanded 
configuration. 

Oct. 1, 2009 

17. A method according to claim3 wherein the compressor 
has an indented side and a non-indented side and wherein the 
indented side of the compressor is positioned adjacent to the 
venous valve such that the compressor extends part way 
around the venous valve. 

18. A method according to claim 6 wherein the catheter is 
inserted proximal to the venous valve and advanced through 
one or more veins in the direction opposite normal venous 
blood flow. 

19. A method according to claim 6 wherein the catheter is 
inserted distal to the venous valve and advanced through one 
or more veins in the direction of normal venous blood flow. 

20. A method according to claim 6 wherein the catheter has 
a lubricious outer coating. 

21. A method according to claim 1 wherein the compressor 
is advanced at least partially around the venous valve while in 
a first configuration and Subsequently contracts to a second 
configuration whereby it compresses the venous valve in a 
manner that improves closure of the venous valve leaflets. 

22. A method according to claim 21 wherein the compres 
Sor has a lumen or passage into which a mandrel member is 
inserted, said mandrel member holding the compressor in the 
first configuration as the compressor is advanced at least 
partially around the venous valve, said mandrel member 
being thereafter removed from the compressor thereby allow 
ing the compressor to contract to its second configuration. 

23. A method according to 21 wherein the compressor 
comprises a biodegradable component that maintains the 
compressor in the first configuration and wherein the com 
pressor contracts to the second configuration after the biode 
gradable component has degraded. 

c c c c c 


