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DEVICES AND METHODS FOR REDUCING VENOUS PRESSURE

FIELD

[0001] The present disclosure relates to methods and devices for treating heart

failure. More specifically, the present invention relates to methods and devices for

reducing venous pressure and treating symptoms of elevated venous pressures.

BACKGROUND

[0002] Heart failure is a condition effecting millions of people worldwide.

Heart failure includes failure of either the left side of the heart, the right side of the

heart, or both. Right heart failure can lead to elevated right atrial pressures, and the

elevated right atrial pressures in turn can lead to serious clinical conditions, including

impaired renal function. More specifically, right heart failure can lead to elevated

renal vein pressures, which in turn may cause additional adverse conditions in the

body. There exists a need to percutaneously treat the symptoms of right heart failure

by preventing the elevated pressure from harming key vessels and organs in the body.

[0003] A few techniques have been disclosed as a means of treating right heart

failure. U. S. Pat. No. 7,159,593 issued to Quijano et al. discloses a pair of stented

valves. One valve sits at the right atrium (RA)/ Inferior Vena Cava (IVC ) junction,

while the second stented valve is implanted at the RA/ Superior Vena Cava (SVC)

junction. Such an approach suffers from deficiencies. The foremost problem with

such approach is that no consideration is given to the effect that implanting a valve in

both the SVC and IVC would have on the blood pressure in RA and coronary sinus.

With both the upper and lower body blocked off by stented valves, the blood pressure

in the RA would climb dramatically, causing the RA to balloon to a hazardous size.

The second major problem with the approach disclosed in Quijano et al. is the

anatomical difficulties related to implanting a stented valve at the junction of the IVC

and the RA. The RA/IVC junction is often flared (the IVC diameter increases from

lower to upper part) and has an asymmetrical conical shape which does not lend itself

well to a tubular implant. Additionally, the anatomical differences from person to

person in this area would make designing a stented valve for a large population



impractical. For example, the angle of the IVC to the RA can vary dramatically from

person to person, and may also change as heart disease progresses. Still further, there

may or may not be a Eustachian valve at the RA/IVC junction, depending on the

individual anatomy. This valve could interfere with device deployment, safety and/or

function. Finally, Quijano et al. do not address the problem of accidental hepatic vein

occlusion by the device in question. The hepatic veins reside just below the RA/IVC

junction, and their location is highly variable. Occasionally the hepatic veins empty

out into the IVC in the immediate vicinity of the junction with the RA. Based on

these errors and omissions, it seems clear that there still exists a need for a reliable

means of treating right heart failure and elevated venous pressures.

[0004] U. S. Pat. No. 7,350,995 to Quijano et al. discloses a pair of stented

tissue valves which are connected by means of various connecting members. This

disclosure suffers from all of the above-mentioned deficiencies, and does not address

any of the above physiological problems associated with implanting valves in both the

SVC and the IVC. Therefore there still exists a need for a reliable means of treating

right heart failure and elevated venous pressures.

[0005] United States Pat. Appl. Publ. No. 2005/0049692 by Numamoto et al.

discloses the use of a stented valve to treat right heart failure. The valve may be

placed in the SVC or the IVC. The inventors teach that the IVC valve should be

placed in the vicinity of the junction between the IVC and the RA. They also teach

that the device should be placed above the hepatic veins. This disclosure fails to

address the problems associated with varying anatomies and the difficult geometry of

the RA/IVC junction. The disclosure also does not address the problem of accidental

occlusion of the hepatic veins. Additionally, the inventors do not disclose a means of

preventing excessive blood pressures from building up in the upper body. Therefore,

there still exists a need for a reliable means of treating right heart failure by safely

controlling elevated venous pressures.

SUMMARY

[0006] In general, the present disclosure covers devices and methods to treat

heart failure by reducing venous pressure. To this end, methods and devices are



disclosed herein which include implantation of a pressure reduction device into the

inferior vena cava, in order to reduce the venous pressure in the lower IVC and renal

veins.

[0007] In one exemplary embodiment, a pressure reduction device includes an

elongate stent member and a valve device. The valve apparatus is fixed to the

elongate stent member by an attachment means. The valve features a leaflet or

plurality of leaflets, which are configured to open up the valve when the lower IVC

pressure is greater than the upper IVC blood pressure. This occurs primarily during

inspiration, as the lungs fill up with air and the intrathoracic pressure drops, drawing

blood into the RA. Body position also plays a role in the above-mentioned situation

because IVC pressure is higher when standing than lying. The valve leaflets are also

configured to close when the RA and upper IVC pressure rises back to a level that is

greater than the lower IVC pressure. The valve therefore prevents the elevated RA

blood pressure, caused by heart failure, from reaching the lower IVC, including the

renal veins. The blood which would have been forced into the lower IVC is instead

redirected to the SVC, the RA, and the coronary sinus.

[0008] In embodiments, the pressure control device which includes an

elongate stent member and a valve is placed in the IVC below the hepatic veins and

above the renal veins. The pressure reduction device further includes an emergency

pressure relief feature mechanism which allows blood to flow retrograde through the

pressure reduction device in the event that the upper venous pressures escalate to

dangerous levels. This protects the upper body, SVC, and RA from prolonged

exposure to overly high venous pressures. In this way the pressure control device

controls both the upper and lower venous pressures by keeping both pressures within

the bounds of what may be considered acceptable for the patient.

[0009] In embodiments, the pressure control device includes an elongate

tubular stent member and at least one pressure control feature. The pressure control

feature is configured such that when blood is flowing from the region of the IVC

above the device to the region of the IVC below the device the pressure is reduced by

hydrodynamic means. In this way the lower venous pressure is reduced without

complete occlusion of the vein and without complete prohibition of blood flow

through the device. The pressure control device may further be configured such that



when blood is flowing normally from the lower body to the upper body the general

amount of pressure reduction or pressure drop across the device is decreased. This

would allow for normal blood flow when blood is flowing normally into the RA and

would allow for reduced blood flow when the upper IVC pressure is greater than the

lower IVC pressure. Additionally, the pressure control feature may take advantage of

the physiological changes that occur during inspiration and/or body position to further

open the lumen of the device and allow for increased blood flow into the RA from the

IVC.

[0010] In still another alternative embodiment the pressure control device

includes an elongate stent member and a combination of valves and other pressure

control features. Other pressure control features include conic shaped membranes, or

hemodynamic tortuous paths, or other means of creating a pressure differential or

drop across the length of the pressure control device.

[0011] In an additional embodiment, a method is disclosed for treating heart

failure by implanting the herein-described pressure control device into the IVC. The

method includes positioning the implant, and deploying the implant in the appropriate

location using a suitable delivery device.

[0012] In one embodiment, a device is used for treating heart failure of a

patient. The device includes a stent for implantation in an inferior vena cava of the

patient, at least one pressure control feature attached to the stent, and at least one

connector joining the at least one pressure control feature to said stent, wherein the

pressure control feature is configured to prevent elevated blood pressure from

damaging an organ or vessel.

[0013] In another embodiment, a device is used for treating heart failure of a

patient. The device includes an elongate tubular stent member, at least one pressure

control feature, at least one pressure relief feature, and a connector or connector

means joining said at least one pressure control feature to said elongate tubular

member, wherein the at least one pressure control feature is configured to prevent

elevated blood pressure from damaging an organ or a vessel by inducing a pressure

differential across the device, and wherein the pressure relief feature is configured to

reduce the pressure differential if the pressure differential exceeds a desired value.



[0014] In another embodiment, the device is used to reduce venous pressure.

The device includes a stent adapted to exert an outward radial force upon a lumen of

an inferior vena cava, at least one anchor integral with said stent adapted to contact a

surface of said lumen, a valve having a first side and a second side and configured to

allow blood to flow in a first direction, wherein said first direction is a normal

direction of blood flow and wherein said normal direction of blood flow is from said

first side to said second side, said valve configured to close when a venous pressure

on the second side of the valve exceeds a venous pressure on the first side of the valve

by a predetermined amount, and an emergency release feature that allows blood to

flow retrograde in a direction opposite to the normal direction while said valve is at

least partially closed.

[0015] In yet another embodiment, the device is useful for reducing venous

pressure. The device includes a stent adapted to exert an outward radial force upon a

lumen of an inferior vena cava, a pressure control device attached to said stent, said

pressure control device having a first opening and a second opening, said second

opening having an area larger than said first opening, and a biocompatible sheet

having a first side and a second side and secured to said pressure control device, said

sheet comprising apertures configured to open when venous pressures on the first side

and second side of the biocompatible sheet are normal, thereby allowing blood flow in

a first direction and for said apertures to close when the venous pressure on the

second side exceeds the venous pressure on the first side by a predetermined amount,

thereby impeding blood flow in the first direction.

[0016] In yet another embodiment, the disclosure includes a method of

reducing venous pressure. The method includes step of providing a pressure control

device comprising a valve configured to allow blood to flow in a normal direction in

an inferior vena cava and implanting the pressure control device into a patient's

inferior vena cava between said patient's hepatic veins and renal veins, wherein the

pressure control device is configured to close when a venous pressure downstream

from the valve exceeds a venous pressure upstream from the valve by a first

predetermined amount.

BRIEF DESCRIPTION OF THE DRAWINGS



[0017] Fig. 1 depicts a first embodiment of a device for reducing venous

pressure;

[0018] Fig. 2 depicts a second embodiment of a pressure -reducing device;

[0019] Fig. 3 depicts a third embodiment of a pressure-reducing device;

[0020] Fig. 4 depicts a fourth embodiment of a pressure-reducing device;

[0021] Fig. 5 depicts a fifth embodiment of a pressure-reducing device;

[0022] Fig. 6 depicts a sixth embodiment of a pressure-reducing device;

[0023] Fig. 7 depicts a stent useful in forming a pressure-reducing device; and

[0024] Fig. 8 depicts a method of deploying the pressure-reducing device.

DETAILED DESCRIPTION

[0025] Reference will be made to various figures in order to describe the

devices and methods for treating heart failure. These methods and devices are

particularly useful for treating symptoms of right heart failure by controlling venous

pressure and preventing elevated pressures from causing further harm to the body.

Specific details are disclosed which would allow one with ordinary skill in the art to

make and use the devices and methods disclosed herein. It should be understood that

various substitutions and additions can be made by those with ordinary skill in the art

while still falling within the inventive features disclosed herein.

[0026] Referring now to Fig. 1, one embodiment of the present invention is

depicted. Fig. 1 depicts an illustrative pressure control device 100 deployed in an

inferior vena cava (IVC) 1000 of a person between the hepatic veins 1010 and the

renal veins 1020. The pressure control device 100 includes an elongate stent member

110 and a pressure control valve 120. The elongate stent member 110 is configured

to exert an outward radial pressure on the internal lumen of the IVC, preventing the

device from migrating within the IVC.

[0027] A series of fixating anchor members 130A-130D are depicted and

may be used to further fixate the pressure control device 100 within the IVC. The



anchor elements 130A-130D may take the form of short curved struts, as depicted in

Fig. 1. The anchors may also be small barbs or hooks that will anchor the stent to an

internal wall of a body lumen, such as an inferior vena cave. The stent body

comprises struts joined to one another at apices, as better seen in Fig. 2 . In this

embodiment, anchor elements are depicted on both the upper and lower ends of the

device. In other embodiments, however, the anchors may be located on either the

upper or lower side of the device, or they may be included throughout the length of

the stent member. The valve member may be equipped with a single leaflet, two

leaflets or other suitable number of leaflets, such as three or more.

[0028] During normal operation, blood flows in the direction of arrow A, from

the veins of the patient, through the flow control device 100 to the heart H of the

patient. During normal operation, the leaflet or leaflets are open to allow normal

blood flow. Thus, during normal operation, blood flows from the renal veins 1020,

which are upstream of the pressure control device 100, through the pressure control

device. Downstream of the pressure control device, blood from the renal veins joins

blood flow from the hepatic veins 1010 for further normal flow to the heart H of the

patient. It follows that the pressure upstream of the flow control device is higher than

pressure downstream of the pressure control device. Blood pressure in the right

atrium of the heart is lower than pressure in the IVC generally and in particular, blood

pressure in the right atrium of the heart is lower than blood pressure in the IVC near

its juncture with the renal veins.

[0029] The pressure control valve 120 of Fig. 1 is configured such that the

leaflets are closed and the orifice of the pressure control device is sealed when the

pressure above the device in Fig. 1 (that is, downstream of the device and nearer the

patient's heart) is greater than the pressure below the device (that is, upstream of the

device). The leaflets are normally open and the pressure downstream of the device is

normally lower than the pressure upstream of the device, for example, during normal

conditions for the patient. The arrow depicts the direction of flow allowed by the

valve. In embodiments, the valve is configured to close only when the pressure in or

near the heart, that is, downstream of the device, is greater than the pressure upstream

or below the device by a selected amount. In one embodiment, the selected amount

can equal about 1 to 10 mm Hg for a first closing movement. In one embodiment, a

pressure difference required for substantial closing may range from 10 to 25 mm Hg.



[0030] The elongate stent member 110 depicted in Fig. 1 may be made of

stainless steel, nitinol, titanium, cobalt alloys, cobalt-chromium-nickel alloys,

MP35N, a polymeric material, or any other suitable biocompatible material. The stent

member may be designed to be self-expanding, balloon expanding, or shape-memory

phase-change expanding. The stent member may be made from tubing by means of

laser cutting the tube to leave a strut pattern behind. Alternatively, the stent member

may be manufactured by wire braiding or wire knitting. Methods of making and

deploying a stent member are well known in the art. The thickness of the walls or the

wire used to construct a cage may range from about 0.003 to 0.010 inches (about 0.08

to 0.25 mm). Other embodiments may use other thicknesses.

[0031] The pressure control valve 120 shown in the illustrative embodiment of

Fig. 1 may be a tissue valve or a mechanical check-valve. The tissue valve leaflets

may be made of mammalian pericardium, including bovine, ovine, porcine, or equine

pericardium. The tissue valve may be chemically treated with various chemical

treating agents, such as those well known in the art, including glutaraldehyde,

formaldehyde, dialdehyde starch, epoxy, genipin, or a mixture of the above chemical

compounds. These various chemical treatments may be used in order to fixate the

pericardium, to preserve the structure and function of the tissue valves, or to prevent

the buildup of calcium deposits on the tissue valves. Chemical treatments for

implantable tissue valves are well known in the art. In another embodiment, the tissue

valve may be a venous valve including a mammalian jugular vein. In another

embodiment, the tissue valve could be a porcine heart valve, such as a porcine aortic

valve. In other embodiments, the valve flaps may be made of elastomeric materials,

such as silicone or perfluorocarbon elastomers. In one embodiment, the leaflets are

from about 0.5 mm to about 1 mm thick (about 0.02 to about 0.04 inches thick).

[0032] The pressure control valve 120 is attached to the stent member 110 by

an attachment means or connector 122. The connector 122 may include sutures for

attaching the valve members or valve flaps to the struts of the stent, or for suturing the

valve to attachment features cut into the stent structure specifically for attachment

purposes. Additionally, the tissue valve may be attached by mechanical crimps, or by

other connectors.



[0033] Referring now to Fig. 2, another embodiment of the present invention

is depicted. Fig. 2 shows a simplified cross-section of a pressure control device 101

comprising an integrated emergency pressure relief feature 124. The pressure control

device has been simplified for ease of illustration only. The pressure control device

101 depicted in Fig. 2 may be positioned in the same location as disclosed above with

reference to Fig. 1, and may be made of any of the above-mentioned materials. In this

embodiment, the pressure control device 100 includes a pressure control valve 120

with a plurality of leaflets, such as two or three leaflets. The valve is sewn to an

elongate stent structure 110, which supports the pressure control device in the IVC.

Anchoring members are not shown here, although anchor members similar to the ones

discussed above may be used. The elongate stent structure 110 is primarily composed

of short stent struts 108 joined at apices 109. The direction of normal blood flow is

shown by arrow A. The smaller arrows show the direction of blood flow in the

opposite direction when the emergency pressure relief feature 124 is activated.

[0034] In embodiments, the emergency pressure relief feature 124 is a section

of the stent wall (as depicted below in later drawings) which has been designed to

collapse inward when subjected to a force directed radially outward. The radially

outward force is supplied by the blood pressure and the shape and design of the

leaflets) 2 11.

[0035] As shown in Fig. 2, the leaflets 210 are attached to the stent wall so

that as the upper IVC pressure increases, the pressure differential is translated into a

force directed radially outward. Leaflet 2 11, however, is attached to the stent member

such that the force generated by the pressure differential across the device is

translated to the stent wall as a force directed radially inward. The stent wall may

then be designed such that if the pressure differential between upper IVC and the

lower IVC increases to a predetermined amount, about 40-50 mm Hg, the specially

designed section of the stent wall temporarily collapses inward, allowing enough

blood to leak around the valve to reduce the upper IVC pressure back below the

predetermined pressure.

[0036] The predetermined pressure may be controlled by controlling the

number, size, material, cross-section, and/or shape of the stent struts at the pressure

relief feature. For example, the pressure required to open the pressure relief feature



and allow retrograde blood flow through the device could be increased by including

additional stent struts in the region neighboring the pressure relief feature. As another

example, the stent struts in the area that comprises the emergency pressure relief

feature may have a winding geometry, featuring some number of bend points, which

act to increase the effective beam length of the struts. The increased effective beam

length of the struts effectively reduces the amount of pressure required to collapse the

stent wall and open the emergency pressure relief feature. The predetermined

pressure may also be controlled by controlling the shape and size of the leaflet(s)

attached to the emergency pressure relief feature. For example, the leaflets may be

attached to the stent struts in a manner that billows slightly, thereby increasing the

overall surface area of the leaflet, and reducing the pressure differential required to

open the pressure relief feature. Additionally, the location and number of attachment

points at the site of the emergency pressure relief feature may be used to control the

size and shape of the pressure relief opening.

[0037] Although two leaflets are shown in Fig. 2, the pressure control feature

of Fig. 2 may be made of any number of leaflets. There may also be multiple pressure

relief features of the same type pictured in Fig. 2 . For example, a four leaflet valve

may be used as a pressure control feature, where two of the leaflets are also utilized as

emergency pressure relief features by being designed to exert a radially inward

directed force onto the stent wall as the pressure differential across the device

increases. As another example, a three leaflet valve is contemplated, where one of the

leaflets is designed to exert a radially inward force on a section of the stent wall such

that the pressure control device allows for paravalvular leakage at a predetermined

pressure differential.

[0038] Turning now to Fig. 3, a pressure control device 103 is shown,

consisting of a valve 120 and a tubular stent member 110. The valve 120 is shown

with three leaflets (120 A-C), although any number of leaflets may be used. The

pressure control device 103 includes an emergency pressure relief system 124,

composed of a specially shaped leaflet 125 connected by various connecting sutures

126 to a section of the stent 110 which features bending or tortuous struts 127. These

struts, which may also be of reduced cross section or thickness, act to reduce the

stiffness of the stent around the region of the pressure relief system. The leaflet 125,

or more than one if so provided, provides a large surface area supported by



surrounding struts 127, especially struts with reduced stiffness or cross-sectional area.

The force acting on the leaflet, e.g., higher blood pressure on one side of pressure

control device 120 than the other, will be proportional to the area of the leaflet. The

struts may then be directed so that if the pressure difference is more than a nominal

value, say 50 mm Hg, the struts will strain and deflect, e.g., they will move and allow

blood from the area of the renal veins to flow in the general direction of the heart and

the right atrium.

[0039] The reduced stiffness of the stent around the pressure relief region

allows deflection of the struts and flow of blood in a retrograde direction when the

pressure about the pressure control device is higher than the pressure below the

device. The reduced stiffness of the stent in one area provides a way for controlling

the size and location of the pressure relief feature. By careful design, the pressure at

which the pressure relief feature is activated is also selected. In addition, the

pressure-accommodating struts may also be made only with reduced thickness or

cross section, rather than the bending or twisting features depicted in Fig. 3 .

[0040] In the embodiment of Fig. 3, the stent struts are designed so that under

ordinary conditions, the struts exert a known or predetermined amount of pressure

outward onto the wall of the IVC. For example, a tubular stent may be formed with a

diameter which is generally larger than the internal diameter of a patient's IVC. This

stent could then be collapsed down to a smaller delivery diameter, and delivered into

the lumen, and then expanded or allowed to expand up to the internal diameter of the

lumen. For example, the stent may be made of a shape-memory alloy, such as

Nitinol, that will recover its trained shape when it is warmed from a cooler

temperature to body temperature upon implantation within the patient when the alloy

transforms from martensite to its trained austenite state. The stent would then

continue to exert an outward force on the lumen as a result of the elastic properties of

the stent structure. This predetermined pressure may be controlled in the same manner

as detailed above for controlling the predetermined emergency relief pressure. The

outward pressure allows the pressure relief feature to open only when the pressure in

the IVC above the valve, i.e., the pressure felt in the right atrium of the heart, reaches

a well defined threshold. In this way the pressure control feature only allows

retrograde flow through the device when such flow would be beneficial to the patient.

In one embodiment, the pressure differential across the valve is about 50 mm Hg



when the valve reopens in response to the higher pressure. In other embodiments, a

different relief pressure value may be used to open the valve.

[0041] Embodiments such as those of Figs. 2 and 3 allow for true control of

the venous pressures, by controlling both the pressure in the lower IVC and renal

veins, but by also controlling the maximum allowable pressure in the upper IVC,

hepatic veins, and right atrium (RA) of the heart. In one embodiment, the pressure

relief feature is configured to allow blood to flow retrograde through the device when

the pressure in the upper IVC exceeds the pressure in the lower IVC by about 50mm

of mercury. Other embodiments may be designed for higher or lower pressure

differentials as desired and by using the techniques discussed, such as 30 mm or 20

mm.

[0042] Turning now to Fig. 4, another embodiment of the present invention is

shown. Depicted in Fig. 4 is a novel pressure control device 104 shown in a cross-

sectional view. The pressure control device 104 features a stent-like outer body 112

with a truncated conical section 113, i.e., a frustoconical section. A sheet 111 of

biocompatible material is connected to the conical section 113 of the pressure control

device by an attachment or by connectors, such as sutures 114. The biocompatible

sheet material features a plurality of slits 118 as shown, or cut outs which create tissue

flaps 116. The sheet material 111 rests inside the frustoconical section 113, and is

attached such that when blood is flowing normally from the lower IVC to the upper

IVC the slits 118 expand or open, allowing blood to flow through with minimal

impedance. One way to accomplish this is to arrange the biocompatible sheet on the

inside of the stent, with the flaps slightly larger than the slits.

[0043] When the pressure in the upper IVC is greater than that of the pressure

below the device, the slits 118 are configured such that they will close. For example,

the tissue flaps 116 may be configured to reside on the inside of sheet 111 and may be

slightly larger than the slits 118, such that the flaps 116 will rest against the conic

section 113 of the pressure control device. In this way, the conic section 113 of the

pressure control device prevents the tissue flaps 116 from relapsing. The base of the

conic section 113 comprises an opening 119 that remains open at all times, allowing

some predetermined amount of blood to flow past the device in either direction at any

time. In one embodiment this opening may range from 3-5 mm. This feature may be



used as a means to ensure that the upper IVC venous pressure does not spike to levels

that may be considered unhealthy or unsafe.

[0044] The biocompatible sheet material may be any relatively flat material

that is suited for implantation, including polymeric materials such as EPTFE or

polyester, such as Dacron® polyester. In one embodiment of the present invention,

the biocompatible sheet material is made from mammalian tissue, including

mammalian pericardium. Such tissue can come from any number of sources,

including ovine, bovine, porcine, or equine pericardium. In addition, the tissue may

be chemically treated with any of the treatment chemicals disclosed above.

[0045] The slits 118 or tissue flaps 116 may be created by any number of

means. For example, the slits may be cut into the biocompatible sheet by a die cutting

or laser cutting. There may be any number of different slits, including two or three

large elongate slits, or a multitude of smaller slits. The slits may be any number of

shapes, including 'V shaped cutouts as depicted in Figure 4 . Additional shapes

include elongate horizontal cuts, elongate vertical cuts, square shaped cuts, or

semicircular or elliptical cut outs. The cuts may be configured to produce a true flap

or instead may be simple slits.

[0046] In one embodiment the attachments comprise sutures connecting the

biocompatible sheet material to the conical section 113. In one embodiment, the

truncated conical section or frusto-conical section 113 has a dual purpose. It acts as

both a pressure controlling device, preventing high venous pressures from damaging

key organs in the body. As the same time, due to the novel conical shape of the

implant, the device simultaneously may act as an IVC filter, preventing large clots

from becoming pulmonary emboli.

[0047] Figs. 5 and 6 depict alternative embodiments, again including a stent-

like outer body with a conical section. In Figs. 5 and 6 at least one flat sheet of

biocompatible material 111 is again attached at various attachment points to the conic

section 113 of the pressure control device. In Fig. 6 the pressure control device 105 is

shown when blood flow in the upper IVC is greater than the pressure in the lower

IVC, and the flaps have closed, effectively blocking off a large amount of the cross-

section of the vein, and increasing the resistance to normal blood flow through the



device, while allowing a small retrograde flow through a pressure relief feature 119A,

as shown by arrows C.

[0048] Still referring to the embodiments depicted in Figs. 5 and 6, at the

narrowest point of the conical section there exists a small opening 119A, which

features a ring of elastic material 117. The elastic material may be made of any of the

above cited materials that the stent body may be made of. In a preferred embodiment,

the ring of elastic material 117 is made of a super-elastic nitinol alloy. The ring of

elastic material is designed with convoluted struts 127, allowing the elastic material to

stretch more easily. This allows the ring to stretch under a predetermined load, such

as a predetermined back pressure from the upper IVC and ultimately from the

pressure in the right atrium of the patient's heart.. This feature may be used to help

control the upper limit of the upper venous pressures that the device allows. As the

pressure differential approaches what may be considered a dangerous level, the elastic

ring expands, allowing additional blood to flow retrograde through the device and

equalizing the pressure in the veins. By controlling the thickness of the struts, and the

area of the attached bio-compatible material, one skilled in the art may control the

pressure required to expand the ring a preset amount. In one embodiment, the elastic

ring is configured to substantially increase in size when the difference in pressure in

the upper IVC as compared to the lower IVC approaches 50mm of mercury.

[0049] Fig. 7 shows a stent member 107 with a conical section that may be

used in conjunction with the already disclosed biocompatible sheet material with slits

or flaps. The stent body is shown with various fixation members for fixing the device

within the IVC. Stent 107 may be used, for example, with the other components

discussed with respect to Figs. 4-6. Stent 107 includes an upper cylindrical portion

130 and a lower frustoconical section 132. The stent is formed of a plurality of short

stent portions or struts 128 joined at apices or junctions 129 to form a network or

mesh. The materials for the struts, discussed above, may include Nitinol or other

shape-memory alloys, and may also include stainless steels, such as 304, 304L, 316

and 316L, among others, and MP35 alloy.

[0050] The method described herein for reducing blood pressure in a patient's

inferior vena cava, i.e., the patient's venous blood pressure, may be described in the

flow chart depicted in Fig. 8. A first step 8 1 of the method is to provide a pressure



control device, as described above. The device is then implanted 82 into the patient's

inferior cava. The device acts as a normally-open valve, allowing blood to flow in the

patient's inferior vena cava, from the renal veins toward the heart generally. One

embodiment of the device is a flap valve, i.e., a valve with a plurality of one-way

flaps. Pressure may build up across the device, indicating that there is higher blood

pressure in the upper portions of the inferior vena cava and in or near the right atrium

of the heart. One or more of the flaps may then close 83. With the valve closed or

partially closed, the amount of venous blood flowing from the renal veins is reduced,

thus reducing the pressure in the upper portion of the inferior vena cava and in the

right atrium of the heart. It is possible that pressure may continue to build in the IVC

and in the right atrium. It is obviously not good to stop blood flow within the body

for a long period of time. Accordingly, if the pressure differential across the valve

exceeds a second value, the valve then opens or partially opens 84 and allows blood to

flow.

[0051] While reference has been made to various drawings and embodiments,

it should be understood that certain substitutions, additions, and exchanges may be

made by those skilled in the art while still remaining within the scope of the

invention. The scope of the invention should therefore be defined by the attached

claims:



WHAT IS CLAIMED IS:

1. A device for treating heart failure of a patient, comprising:

a stent for implantation in an inferior vena cava of the patient;

at least one pressure control feature attached to the stent; and

at least one connector joining the at least one pressure control feature to said

stent,

wherein the pressure control feature is configured to prevent elevated blood

pressure from damaging an organ or vessel.

2 . The device of Claim 1, wherein the at least one pressure control feature is

designed to induce a pressure differential across the device.

3. The device of Claim 1, wherein the at least one pressure control feature is

design to impede flow of blood in a normal direction in the inferior vena cava.

4 . The device of Claim 1, wherein the at least one pressure control feature

comprises a plurality of flaps which are open to allow blood flow in a normal

direction and which are designed to begin to close when a pressure differential across

the device is at least 10 mm Hg.

5. The device of Claim 1, further comprising a pressure relief feature that

allows blood to flow in a retrograde direction when the pressure control feature is

activated.

6. The device of Claim 1, wherein the connector is selected from the group

consisting of a suture and a crimping member.

7. A device for treating heart failure, comprising:

an elongate tubular stent member;

at least one pressure control feature;

at least one pressure relief feature; and

a connector joining said at least one pressure control feature to said elongate

tubular member,



wherein the at least one pressure control feature is configured to prevent

elevated blood pressure from damaging an organ or a vessel by inducing a pressure

differential across the device, and

wherein the pressure relief feature is configured to reduce the pressure

differential if the pressure differential exceeds a desired value.

8. The device of Claim 7, wherein the at least one pressure control feature

comprises at least one flexible flap and wherein the pressure relief feature comprises

at least one flexible portion of a wall of the elongate tubular stent member.

9 . The device of Claim 7, wherein the pressure relief feature comprises a

portion of a flexible flap attached to a wall of the elongate tubular stent member.

10. The device of Claim 7, wherein the pressure relief feature comprises at

least one portion of a wall of the elongate tubular stent member having a reduced

cross section or thickness.

11. A device to reduce venous pressure comprising:

a stent adapted to exert an outward radial force upon a lumen of an inferior

vena cava;

at least one anchor integral with said stent adapted to contact a surface of said

lumen;

a valve having a first side and a second side and configured to allow blood to

flow in a first direction, wherein said first direction is a normal direction of blood

flow and wherein said normal direction of blood flow is from said first side to said

second side, said valve configured to close when a venous pressure on the second side

of the valve exceeds a venous pressure on the first side of the valve by a

predetermined amount; and

an emergency release feature that allows blood to flow retrograde in a

direction opposite to the normal direction while said valve is at least partially closed.

12. The device of Claim 11, wherein the valve comprises a plurality of

flexible flaps connected to the elongate stent member.



13. The device of Claim 11, wherein said valve comprises a biocompatible

sheet attached to said stent, said biocompatible sheet having a plurality of slits and

flaps allowing blood to flow in a first direction of normal blood flow and impeding

blood flow in the first direction when the venous pressure on the second side of the

valve exceeds the venous pressure on the first side of the valve by a predetermined

amount.

14. A device to reduce venous pressure comprising:

a stent adapted to exert an outward radial force upon a lumen of an inferior

vena cava;

a pressure control device attached to said stent, said pressure control device

having a first opening and a second opening, said second opening having an area

larger than said first opening; and

a biocompatible sheet having a first side and a second side and secured to said

pressure control device, said sheet comprising apertures configured to open when

venous pressures on the first side and second side of the biocompatible sheet are

normal, thereby allowing blood flow in a first direction and for said apertures to close

when the venous pressure on the second side exceeds the venous pressure on the first

side by a predetermined amount, thereby impeding blood flow in the first direction.

15. The device of Claim 14, wherein said first and second openings permit

blood flow in a second direction opposite to the first direction when the venous

pressure on the second side exceeds the venous pressure on the first side by a

predetermined amount.

16. The device of Claim 14, wherein said pressure control device has a shape

of a frustoconical section with the larger opening intended for deployment nearer a

hepatic vein of a patient and a smaller opening intended for deployment nearer a renal

vein of a patient.

17. A method of reducing venous pressure, the method comprising:

providing a pressure control device comprising a valve configured to allow

blood to flow in a normal direction in an inferior vena cava; and

implanting the pressure control device into a patient's inferior vena cava



between said patient's hepatic veins and renal veins, wherein the pressure control

device is configured to close when a venous pressure downstream from the valve

exceeds a venous pressure upstream from the valve by a first predetermined amount.

18. The method of Claim 17, further comprising providing a pressure relief

feature, wherein blood is allowed to flow retrograde to the normal direction when the

venous pressure downstream from the valve exceeds the venous pressure upstream

from the valve by a second predetermined amount greater than the first predetermined

amount.

19. The method of Claim 17, wherein the pressure control device closes

when the venous pressure downstream from the valve exceeds a venous pressure

upstream from the valve by a first predetermined amount by movement of flexible

flaps to close at least one opening in the valve.

20. The method of Claim 18, wherein the pressure relief feature operates by

movement of a flexible outer portion of the pressure control device.












	abstract
	description
	claims
	drawings

