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Drug Delivery Cuff

Cross Reference to Related Applications

[0001] The present application claims priority to U.S. Patent

Application No. 61/01 3,81 0, filed December 14, 2007, entitled "Drug Delivery

Cuff," the entire disclosure of which is hereby incorporated by reference in its

entirety.

[0002] The present application is related to U.S. Patent Application

No. 11/765,91 5, filed June 20, 2007, entitled "Drug-Eluting Graft," the entire

disclosure of which is hereby incorporated by reference in its entirety.

Technical Field

[0003] Embodiments herein relate to devices for the local delivery of a

substance into a natural tissue conduit, e.g., a blood vessel, and to methods

of therapy utilizing such a device.

Background

[0004] One of the most complex and difficult problems that has

plagued the medical profession and pharmaceutical industry for decades is

the problem of achieving a therapeutic concentration of a drug locally at a

target site within the body without producing unwanted systemic side effects.

Parenteral or oral therapy of substances directed at treating disease in a

particular internal organ must often be given in amounts dependent upon

achieving critical systemic blood levels that may produce devastating side

effects in other areas of the body. A prime example of a situation where local

therapy is needed with drugs that also produce unwanted systemic side

effects is the prevention of complications following the placement of a

cardiovascular prosthetic device such as a prosthetic vascular graft or a

patch used to repair a damaged vessel.

[0005] Graft failure is often associated with the inherent

thrombogenicity of the blood contacting surface of the prosthetic device and

with the body's own repair mechanisms which may lead to progressive



stenotic occlusion due to neointimal fibrosis and hyperplasia. Systemic

therapy aimed at preventing coagulation and thrombosis locally at the graft

site is often complicated by bleeding that may occur at other sites. Likewise,

systemic treatment with growth mediators or chemotherapeutic agents may

produce a hyperplastic or hypoplastic response in tissue not specifically

targeted. Similarly, the local administration of vasodilators may produce

systemic hypotension.

[0006] There have been many attempts to render vascular grafts less

thrombogenic, e.g., by coating the luminal surface of the graft with non-

thrombogenic polymers, cells, or with anticoagulant drugs in a polymer

coating. Although some improvements in graft performance have been

achieved, complications with clotting, thrombosis, and restenosis, especially

due to fibroplasia and smooth muscle proliferation, still abound.

[0007] Other attempts to improve graft performance have provided

vascular grafts or patches having a tubular drug port attached to a drug

reservoir around a macroporous graft. However, such methods do not

uniformly deliver drugs to the locations in need, especially when low infusion

rates are being utilized.

[0008] Some grafts are provided for local delivery of drugs as

mentioned above, but such grafts typically include an integrated

pump/reservoir that do not allow for the separation of the pump/reservoir

when it is no longer needed, to allow for maintenance or repositioning, etc.

Brief Description of the Drawings

[0009] Embodiments will be readily understood by the following

detailed description in conjunction with the accompanying drawings.

Embodiments are illustrated by way of example and not by way of limitation

in the figures of the accompanying drawings.

[0010] Figures 1A and 1B illustrate transverse schematic cross-

sections of a drug delivery cuff in an open or disengaged position (Figure

1A) and in a closed or engaged position around a graft/conduit (Figure 1B) in

accordance with various embodiments;



[001 1] Figures 2A, 2B, 2C, and 2D illustrate examples of partial

schematic cross-sectional views of mateable free ends of a cuff;

[0012] Figure 3 illustrates an exemplary partial schematic cross-

sectional view of a spacer that may be used to adapt a cuff to a larger

graft/conduit; and

[0013] Figure 4 illustrates a perspective view of a cuff engaged

around a graft/conduit in accordance with various embodiments.

Detailed Description of Disclosed Embodiments

[0014] In the following detailed description, reference is made to the

accompanying drawings which form a part hereof, and in which are shown

by way of illustration embodiments that may be practiced. It is to be

understood that other embodiments may be utilized and structural or logical

changes may be made without departing from the scope. Therefore, the

following detailed description is not to be taken in a limiting sense, and the

scope of embodiments is defined by the appended claims and their

equivalents.

[0015] Various operations may be described as multiple discrete

operations in turn, in a manner that may be helpful in understanding

embodiments herein; however, the order of description should not be

construed to imply that these operations are order dependent.

[0016] The description may use perspective-based descriptions such

as up/down, back/front, and top/bottom. Such descriptions are merely used

to facilitate the discussion and are not intended to restrict the application of

embodiments of the present invention.

[0017] The terms "coupled" and "connected," along with their

derivatives, may be used. It should be understood that these terms are not

intended as synonyms for each other. Rather, in particular embodiments,

"connected" may be used to indicate that two or more elements are in direct

physical or electrical contact with each other. "Coupled" may mean that two

or more elements are in direct physical or electrical contact. However,



"coupled" may also mean that two or more elements are not in direct contact

with each other, but yet still cooperate or interact with each other.

[0018] For the purposes of the description, a phrase in the form "A/B"

or in the form "A and/or B" means (A), (B), or (A and B). For the purposes of

the description, a phrase in the form "at least one of A, B, and C" means (A),

(B), (C), (A and B), (A and C), (B and C), or (A, B and C). For the purposes

of the description, a phrase in the form "(A)B" means (B) or (AB) that is, A is

an optional element.

[0019] The description may use the phrases "in an embodiment," or

"in embodiments," which may each refer to one or more of the same or

different embodiments. Furthermore, the terms "comprising," "including,"

"having," and the like, as used with respect to embodiments herein, are

synonymous.

[0020] Embodiments provide a drug delivery cuff including a drug

reservoir. In an embodiment, an integrated drug pump may be provided. A

drug delivery cuff in accordance with an embodiment may be placed around

any suitable vascular graft (e.g., ePTFE) or directly around any natural tissue

conduit (e.g., perivascularly), at any position along the graft/conduit or

overlapping a graft and conduit, either at the time of graft surgical placement

or separate therefrom. In an embodiment, such a cuff may be later removed

from the graft/conduit without compromising the underlying graft/conduit.

[0021] For the purpose of describing embodiments, the phrase

"natural tissue conduit" refers to any area of a mammalian body that

functions to transport substances and includes, but is not limited to, blood

vessels of the cardiovascular system (arteries and veins), the lymphatic

system, the intestinal tract (esophagus, stomach, the small and large

intestines, and colon), the portal-caval system of the liver, the gall bladder

and bile duct, the urinary system (ureters, bladder and urethra), the

respiratory system (trachea, bronchi, and bronchioles), and ducts and

ductules connecting endocrine organs to other areas of the body, etc.

Devices in accordance with embodiments herein may be used in any

mammal or in any animal in which natural tissue conduits are found.



[0022] An embodiment provides a device for local delivery of a drug to

a graft site or natural tissue conduit, the device comprised of a porous inner

membrane and a reservoir for the drug overlying the porous inner membrane

such that the interior of the reservoir is in fluid communication with the

underlying graft or natural tissue conduit via the porous inner membrane

through which a drug placed in the reservoir may be delivered.

[0023] An embodiment provides tubing attached to and in

communication with a drug/fluid reservoir such that the reservoir may be

filled or refilled with one or more drugs such that, for example, the drug(s)

may be changed as therapeutic needs change. In another embodiment, a

pump is provided connected to the tubing to deliver drug to the reservoir and

to maintain a desired flow rate of a drug containing solution and/or to

maintain pressure within the reservoir. In embodiments, a pump may be

single use, disposable, reusable, refillable, etc. depending on the desired

treatment protocol.

[0024] Embodiments also provide methods for treating or preventing,

including but not limited to, coagulation, thrombus formation, occlusion,

fibrosis, intimal hyperplasia, restenosis, inflammation, and infection

associated with vascular prosthetic devices.

[0025] In an embodiment, there exists a need to provide effective local

therapy for treatment of cancer and other diseases in many areas of the

body such that the chemotherapy, or other drug regimen, may be localized

to targeted tissues, thereby preventing unwanted systemic side effects from

systemic administration. Embodiments herein satisfy that need by providing

a means to locally deliver a substance into any natural tissue conduit of a

body and thereby provide localized therapy to targeted tissues. Alternate

embodiments may be utilized to provide local drug delivery to any conduit,

including but not limited to, lymphatic vessels, bile ducts, ureters, the

intestinal tract, and the respiratory tree. For example, a transitional cell

carcinoma of the bladder may be effectively treated with chemotherapeutic

agents by insertion of a device around a ureter, or around a graft inserted

into a ureter, and administering an appropriate drug.



[0026] In an embodiment, a porous inner membrane of a cuff may

comprise one or more porous layers. In an embodiment, each of the one or

more porous layers may have a number of pores, whether uniform or regular

in diameter or shape or non-uniform or irregular. In an embodiment, the

pores may be uniformly or regularly distributed throughout the layer, and all

the pores may, or a subset thereof may, possess a substantially uniform

diameter/cross-section. In an embodiment in which multiple porous layers

are utilized, the size(s) of the pores in one layer may differ from the size(s) of

the pores in another layer.

[0027] In an embodiment, a porous inner membrane may be provided

with a relatively small average pore size (microporous) that does not easily

allow liquids and drugs contained therein to pass through. Rather, the small

pores may be sized specifically to restrict the movement of liquid and drugs

contained therein except for in response to a sufficient application of

pressure in the surrounding reservoir and to deliver the drug to the

graft/conduit uniformly. In an embodiment, such a microporous or

uniformity-controlling membrane, may be placed around a graft that has a

macroporous membrane separating the cuff from the lumen of the conduit.

[0028] For the purpose of describing embodiments, the term

"macroporous" may be used to describe a pore size through which

solubilized drugs may easily pass. In embodiments, the term macroporous

refers to an average pore size (a term which includes an internodal distance

as in the case of ePTFE) greater than approximately 10 µm, such as

approximately 10 µm to 100 µm .

[0029] For the purpose of describing embodiments, the term

"microporous" may be used to describe a pore size through which solubilized

drugs may be restricted from easy passage without the application of

sufficient pressure. A microporous membrane blocks movement of a

solubilized drug and its carrier liquid across the layer/membrane when the

reservoir pressure is below a threshold amount. Thus, without the

application of such pressure, diffusion will not provide for movement of a

drug through a microporous membrane. In embodiments, the term



microporous refers to an average pore size of approximately 10 nm to 10

µm, such as 10 nm to 1000 nm.

[0030] In embodiments, the pressure sufficient to cause the

movement of a liquid drug through a microporous membrane may be a

pressure in excess of the intraluminal pressure of the natural tissue conduit

around which a graft and a cuff may be placed. An exemplary intraluminal

pressure is the mean arterial blood pressure of the vessel with which a graft

and cuff may be associated.

[0031] In embodiments, a pump associated with a reservoir defines

the rate of drug delivery through the membrane(s) separating the reservoir

from the graft/conduit. The membranes have pores that are defined to

control the uniformity of delivery, not the rate. Drug delivery to the

graft/conduit occurs, and uniformity is achieved, when the reservoir is filled

to a pressure in excess of the threshold pressure as discussed above.

[0032] In an embodiment, utilizing a uniformity-controlling inner

membrane provides a resistance barrier between the reservoir and the

graft/conduit. In an embodiment, the resistance function of the inner

membrane allows the reservoir to fill or partially fill/expand, and pressure

within the reservoir to exceed by some amount a threshold level, prior to the

desired movement of drug across the inner membrane. Thus, once the

reservoir is filled or partially filled with a drug-containing solution and the

pressure in the reservoir increases above a threshold, the drug-containing

solution may move across the membrane in a relatively uniform manner by

convective mass transport while limiting diffusive transport that may be less

uniform around the circumference of the inner membrane. In an

embodiment, providing a microporous membrane that restricts passage of

liquid drugs from the reservoir until a sufficient pressure in the reservoir has

been reached allows for the drugs to accumulate in the reservoir to a desired

extent before a suitable pressure gradient is established and drug-containing

solutions move across the microporous membrane. In an embodiment, a

reservoir may be flexible and thus the reservoir may need to be filled to a

desired extent (expansion) before exceeding the pressure threshold. In such



embodiments, a more uniform passage of drug solutions through the multiple

available pores may be effected thus reducing the extent of isolated

concentration of drugs. In an embodiment, a microporous membrane may

thus allow the reservoir to fill or partially fill, and pressure within the reservoir

to exceed by a defined amount a threshold level, prior to substantial

movement of drug across the membrane. In an embodiment, the defined

amount may be a pressure that provides the desired infusion flow rate.

[0033] In an embodiment in which an inner microporous membrane is

utilized in a cuff to overlay a graft having a macroporous membrane, a drug

solution that passes first through the inner microporous membrane may then

easily pass through the macroporous pores of the graft thus substantially

uniformly entering the lumen of the natural tissue conduit resulting in a

substantially uniform infusion of drug into the lumen.

[0034] In an embodiment, a pump attached to a drug/fluid reservoir

may introduce drugs into the reservoir at a defined/selected infusion rate and

pressure. In an embodiment, a pump attached to a drug/fluid reservoir may

introduce drugs into the reservoir at a low volume infusion rate. At low

volume infusion rates, such as used for certain drugs, for example

antiproliferative drugs such as Sirolimus and Paclitaxel, current porous

membranes do not utilize a microporous, resistance layer and thus the drugs

may pass through macropores near the introductory drug port resulting in a

higher concentration of drugs around the one or more pores. For the

purpose of describing embodiments, the phrase "low infusion rate" refers to

an infusion rate of less than 1.0 ml/day, such as less than 0.2 ml/day or even

less than 0.1 ml/day.

[0035] In an embodiment, before or soon after coupling a cuff to a

graft/conduit, the reservoir may be prefilled with a drug to ensure that

uniform drug delivery may be established in a short period of time after the

cuff is placed on the graft/conduit. Alternatively, in some situations it may be

desired to delay the infusion of drugs into a vessel during the first

postoperative day or few days to allow some initial healing or other biological

responses to occur. In such an embodiment, the drug reservoir may be



empty or only partially filled/expanded below the threshold infusion pressure

(or filled with an inactive solution such as saline) to delay the infusion of drug

to the graft/conduit until the desired time for drug delivery.

[0036] In an embodiment, tubing coupling a pump to a drug reservoir

may be used to control the delivery of a drug/fluid to the reservoir. For

example, the length and/or diameter of the tubing may be used to control the

timing of delivery of a drug/fluid into the reservoir. A predefined delay of

delivery of a drug/fluid may be controlled in part by the length and/or width of

the tubing. In an embodiment, the tubing may be prefilled with saline to also

delay the delivery of a drug to the reservoir, and/or to provide a cleansing

wash before drug delivery.

[0037] In an embodiment in which a low volume infusion rate is

utilized, the pressure gradient needed to move a drug across a microporous

membrane may take one or more days to achieve thus delaying the first

introduction of the drug into the vessel. However, in embodiments, the delay

may be addressed as discussed above, or in other embodiments, may be a

useful/desired outcome.

[0038] In an embodiment, as described above, a microporous

membrane may be in fluid contact with the outer surface of the conduit (such

as a blood vessel) or may overlay a macroporous membrane, such as

provided in a graft. In an embodiment in which a microporous membrane

overlays a macroporous membrane, when the reservoir pressure causes the

movement of a drug uniformly or substantially uniformly across the

microporous membrane, the drug may enter a space between the

microporous membrane and the macroporous membrane. At such a time,

the drug has thus been delivered to the space between the membranes in a

relatively uniform manner and may then easily pass through the

macroporous membrane and into the luminal space of the conduit in a more

uniform manner than without the use of the overlayed microporous

membrane.

[0039] In an embodiment, a drug may move from a reservoir across a

microporous membrane in a uniform or substantially uniform circumferential



manner. In such an embodiment, the drug may be delivered to the surface

of a conduit, or to the lumen of the conduit through a graft, from all directions

thus ensuring delivery of the drug to the entire conduit, not just an isolated

portion thereof. More uniform delivery of a drug provides a safer mechanism

for delivering drugs to a conduit (such as a blood vessel) as the amount of

drug that is being delivered may be reduced because the delivery is more

targeted and effective. In addition, more effective delivery of the drug means

that there will likely be reduced side effects to the patient. Also, more

effective delivery means that less drug may be used and the drug pump

(which may or may not be refillable) will last longer before needing to be

replaced or refilled thus increasing patient satisfaction and reducing costs.

[0040] Figures 1A and 1B illustrate transverse cross-sections of a

drug delivery cuff in an open/disengaged position (Figure 1A) and in a

closed/engaged position around a graft/conduit (Figure 1B) in accordance

with various embodiments. Cuff 102 is shown with drug pump 104, which

may, in embodiments, be an integrated feature with cuff 102 or may be

configured to be coupled and decoupled from cuff 102. Cuff 102 forms a

reservoir 106 between an outer membrane 108 and an inner membrane 110

in which a quantity of drug may be held before passing through inner

membrane 110, as illustrated by the plurality of arrows across inner

membrane 110 (and across graft/conduit 114 in Figure 1B). In an

embodiment, outer membrane 108 is comprised of a substantially

impermeable material, or a material impermeable to the drugs/solutions

being pumped into the reservoir. In an embodiment, pump 104 is coupled to

reservoir 106 via tubing 112.

[0041] In an embodiment, utilization of drug pump 104 and inner

membrane 110 allows the uniformity of drug delivery to be controlled. In

addition, pump 104 may be operated continuously, at selected times, and/or

delayed a certain amount of time after implantation to control over the

delivery of the drug(s). Further, pump 104 may be refilled, if desired, or may

be of adequate size to contain a sufficient volume of drug(s) for the entire

usage period of pump 104.



[0042] In an embodiment, inner membrane 110 provides the primary

resistance to drug transport out of reservoir 106 and transport occurs when

the reservoir-pump pressure exceeds a threshold, for example the

intraluminal pressure of the natural tissue conduit, such as the mean arterial

pressure of a treated vessel. The flow of a drug-containing solution through

inner membrane 110 is controlled and may be specifically regulated for each

application/treatment by adjusting the properties of inner membrane 110, the

properties of the drug containing solution (e.g., viscosity), and/or the

reservoir-pump pressure (in excess of the threshold pressure). When placed

over a graft, once a drug is pushed through inner membrane 110, it then

easily passes through the larger pore size (lower resistance) membrane of

the graft.

[0043] In Figure 1A, cuff 102 may be described as exhibiting a "C"

configuration which emphasizes the partially open nature of cuff 102 when in

a disengaged position. The extent to which cuff 102 appears "open" may be

selected, as desired, and may be controlled through a variety of factors

including the cuff material, the inclusion of a spring mechanism or shape-

memory material, etc. For example, in an embodiment, a cuff may be

formed that exhibits an "O" configuration, but which has a seam that may

easily be separated to allow for placement of the cuff around a conduit/graft.

[0044] In an alternative embodiment, a sleeve or cylinder having an

"O" configuration may be provided in which the sleeve remains unbroken

(i.e., there are no free ends) during placement of the device. In such an

embodiment, the sleeve may be slid/placed over the vessel/graft during the

initial or a subsequent procedure. In an embodiment, a sleeve may be

provided with a feature that permits separation of the sleeve from a

vessel/graft, such as a predefined cuttable seam, a weaker region that may

be cut or torn, etc.

[0045] Any of the above described embodiments may be secured

around a graft/conduit (such as in Figure 1B), without requiring the cuff to be

secured directly to the graft/conduit using adhesive, sutures, staples, etc.



[0046] In an embodiment, a cuff may be secured to the underlying

graft/conduit, such as by using adhesive, sutures, staples, etc. In an

embodiment, a cuff may be secured to the underlying graft/conduit using a

sealant/adhesive or other securing mechanism at the cuff ends to prevent

possible leakage from between the cuff and the graft/conduit. In an

embodiment, a suitable sealant/adhesive may be a biocompatible material

and/or may be a resorbable. In an embodiment, a suitable sealant/adhesive

may be fibrin glue.

[0047] In embodiments, cuff 102 may be secured around graft/conduit

114 using a closure mechanism 116 . Closure mechanism 116 is shown as a

set of opposing protrusions 120 that may be sutured together with sutures

118 to draw the free ends of cuff 102 together. In embodiments, other

closure mechanisms may be utilized including snaps, hooks, etc. whether or

not utilizing sutures, staples, adhesive, etc. In embodiments, the free ends

of cuff 102 may be directly coupled to each other with adhesive or may be

sutured together, without the presence of any protrusions or other such

features. As such, in an embodiment, the closure mechanism may simply be

comprised of mateable free ends that allow for suitable sutures, adhesive, or

other closures to be utilized. Such mateable free ends may be smooth,

angled, or may comprise various other contours or protrusions that may be

matched with each other. In an embodiment, a cuff, such as one with

mateable free ends, may be secured to a graft/conduit by wrapping one or

more sutures or ties circumferentially around the cuff.

[0048] Figures 2A, 2B, 2C, and 2D illustrate examples of partial cross-

sectional views of mateable free ends of a cuff. In embodiments, mateable

free ends may be coupled together with or without additional securing

elements, such as sutures.

[0049] Figure 2A illustrates a first free end 202 having a first mateable

flange protrusion 204 and a second free end 206 having a second mateable

flange protrusion 208. In an embodiment, flange protrusions 204 and 208

may have some flexibility to facilitate mating, but sufficient rigidity to hold in

place once mated.



[0050] Figure 2B illustrates a first free end 2 12 having a mateable slot

214 and a second free end 2 16 having a mateable protrusion 2 18 . While

only one protrusion 2 18 and one slot 214 are shown, any suitable number of

protrusions and slots may be utilized. If in multiples, slots may be provided

all on one free end and the corresponding protrusions may be provided on

the other free end, or, in an embodiment, they may be mixed on each of the

free ends, such as alternating.

[0051] Figure 2C illustrates a first free end 222 having a first mateable

overlapping protrusion 224 and a second free end 226 having a second

mateable overlapping protrusion 228. Including a degree of overlap of

protrusions 224 and 228 allows for the cuff bearing such mateable free ends

to be placed on vessels/grafts of a variety of sizes and simply adjust the

amount of the overlap as desired before securing the cuff around the

vessel/graft.

[0052] Figure 2D illustrates a first free end 232 having a mateable

protrusion 234 and a second free end 236 having a mateable looped

protrusion 238. Looped protrusion 238 is shown with two loops, however,

any suitable number of loops may be provided, including 1, 2, 3 , 4, etc.

Either of the loops of looped protrusion 238 may be secured around

protrusion 234. Including a plurality of loops allows for the cuff bearing such

loops to be placed on vessels/grafts of a variety of sizes and simply utilize

the appropriate loop defining the desired size around the vessel/graft.

[0053] In an embodiment, to account for a graft/conduit that is larger

in size than the intended size for use with the cuff, a spacer or other

separating device may be used to space the free ends of cuff 102 and allow

for use of cuff 102 on a larger graft/conduit.

[0054] Figure 3 illustrates an exemplary spacer 302 having a first

protrusion 304 mateable with protrusion 306 on free end 308, and a second

protrusion 3 10 mateable with protrusion 3 12 on free end 314.

[0055] Figure 4 illustrates cuff 402 engaged around a graft/conduit

414. Cuff 402 has a reservoir (not shown) that is coupled to pump 404 via

tubing 4 12 . The free ends of cuff 402 are shown with closure mechanism



4 16 comprised of mateable free ends of cuff 402 and one or more sutures

4 18 .

[0056] In prior embodiments (e.g., US Patent No. 5,399,352, the

entire contents of which are hereby incorporated by reference), a vascular

surgeon implants a graft having a cuff-reservoir pre-affixed to the graft at a

particular location along the graft. This arrangement complicates trimming

and tapering of the graft, particularly at the graft anastomoses, since the

surgeon must work around the cuff-reservoir when trimming the graft, and

must take extra care and time to place the graft in a manner that ensures

that the cuff will be in the right location post-operatively. Further, other

attempts have provided sleeves that must be placed on a vessel before

securing the graft to the vessel and engaging the sleeve with the graft (see

US Patent No. 6,1 17,147). Such arrangements are cumbersome and do not

allow for easy removability of the sleeves.

[0057] Embodiments herein overcome these complications since the

cuff-reservoir may be electively deployed (or not deployed, as desired) any

time after surgical graft placement. Elective removability of the cuff post

operatively also provides a safety advantage for the patient, and allows for

easy access to the cuff for replacement or repair, as needed.

[0058] In embodiments, cuffs may be manufactured in various sizes to

fit around various sizes of conventional small caliber clinical vascular grafts

or natural tissue conduits. Devices according to embodiments may be

constructed in a variety of sizes such that the inside diameter of the cuff is

between about 1 mm and 50 mm, thereby allowing the surgeon to select the

appropriate size to accommodate a particular vascular application. Further,

as discussed above, the closure mechanism may be arranged to allow a

single cuff to be fit to a range of sizes of grafts or conduits.

[0059] In an alternative embodiment, the microporous membrane

and/or the macroporous membrane may be provided with pores in a

designed configuration or in one or more specified locations to direct the

drug to one or more desired portions of the vessel.



[0060] In an embodiment, the pores of the various membranes may

cover the entire length of the membrane, or may only be present in a portion

of the membrane to target the drug delivery. For example, in an

embodiment, it may be desired to provide a drug close to the upstream end

of a graft, for example to provide an anticoagulant, or close to the

downstream end of a graft, for example to treat tissue proliferation. In

certain situations, the downstream end of the graft may be the primary

location of restenosis and tissue proliferation, thus addressing at least the

downstream end of the graft may be sufficient, in embodiments, to provide a

positive result.

[0061] In an embodiment, a graft or a portion thereof may be

constructed from any biocompatible materials such as polymers, metals or

ceramics, for example ePTFE, Teflon (polytetrafluoroethylene), knitted or

woven Dacron (polyethylene terephthalate), etc. In an embodiment, one or

more surfaces of a device may further comprise a coating on a portion of the

surface, for example a surface in direct or fluid contact with the lumen of the

conduit, to improve biocompatibility. For example, a surface may be coated

with a polymer selected from the group including, but not limited to,

fluorocarbon, hydrocarbon, silicone rubber and polyurethane based

polymers.

[0062] In an embodiment, the tubing and/or pump may be constructed

from any biocompatible material, including but not restricted to, silicone

rubber, polyurethanes, fluorocarbon polymers, polyethylene,

polyvinylchloride or other polymers. In an embodiment, a drug source and/or

a pump connected to the tubing may be external or internal, e.g., implanted.

In an embodiment, a drug pump may be any suitable pump including an

osmotic, mechanical, or electrical pump.

[0063] As contemplated in embodiments, the substance in the

reservoir may be any substance, including any drug, and the device may be

used for local delivery of such substances to prevent or treat a variety of

disease syndromes or to promote or enhance desired activity within the

body.



[0064] In an embodiment, a substance may be a drug in solution. In

an embodiment, a substance may be a drug initially in solid form resident in

or introduced into the reservoir, to which a liquid solubilizing agent may be

later added in the reservoir prior to delivery of the solubilized drug.

Alternatively, no solubilizing agent may be electively added. In such an

embodiment, the drug may be solubilized on contact with aqueous blood that

penetrates the macroporous and/or microporous membrane(s), and then the

solubilized drug may diffuse through those membranes into the lumenal

flowing blood. In such an embodiment, a pump may not be needed to move

the drug into the tissue conduit as the primary mode of transport of the drug

is effected by diffusion.

[0065] In an embodiment, a substance such as an anticoagulant,

including but not limited to, heparin, hirudin, hirulog, hirugen, activated and

non-activated protein C, synthetic or naturally occurring antagonists of

thrombin, and Factor Xa, or other activated or non-activated coagulation

protease inhibitors and coagulation factors, e.g., FXI, FIX, FVIII, FV, FVII

and tissue factor may be delivered.

[0066] In another embodiment, the substance in the reservoir may

inhibit platelet deposition and thrombus formation or promotes thrombolysis

and thrombus dissolution. Examples of such substances include, but are not

limited to, plasmin, tissue plasminogen activator (tPA), urokinase (UK),

single chain prourokinase (scuPA), streptokinase, prostaglandins,

cyclooxygenase inhibitors, phosphodiesterase inhibitors, thromboxane

synthetase inhibitors; antagonists of glycoprotein receptors including (GP)

Ib GP llb/llla, antagonists of collagen receptors, antagonists of platelet

thrombin receptors, and platelet ADP receptors.

[0067] In another embodiment, the substance in the reservoir may be

an antiproliferative compound such as Sirolimus or Paclitaxel.

[0068] In another embodiment, the substance in the reservoir may

affect platelet metabolic function. Examples of such substances include, but

are not limited to, prostaglandins, cyclooxygenase inhibitors,

phosphodiesterase or thromboxane synthetase inhibitors, inhibitors of



calcium transport, or elevators of cyclic adenosine monophosphate (cyclic

AMP).

[0069] In still another embodiment, the substance in the reservoir may

prevent restenosis of a blood vessel. Examples of such substances include,

but are not limited to, a growth factor, a growth factor inhibitor, growth factor

receptor antagonist, transcriptional repressor, translational repressor,

antisense DNA, antisense RNA, replication inhibitor, inhibitory antibodies,

antibodies directed against growth factors or their receptors, bifunctional

molecules comprising a growth factor and a cytotoxin, and bifunctional

molecules comprising an antibody and a cytotoxin.

[0070] In an embodiment, the substance may be a vasodilator, such

as nitroglycerin, nitroprusside or other nitric oxide liberators. The vasodilator

may also include other suitable vasoactive agents such as beta receptor

blocking drugs, inhibitors of intra-cellular calcium transport; prostaglandins,

thromboxane antagonists, and the like.

[0071] Utilizing methods for predicting downstream concentration of

substances (administered by methods and devices in accordance with

embodiments of the present invention), for example as taught in US Patent

No. 5,399,352, the entire contents of which are hereby incorporated by

reference, one skilled in the art may determine suitable dosage requirements

and treatment regimens for any substance placed in the reservoir of the

device. Dosages and regimens will vary, of course, depending upon the

tissue targeted for therapy and upon the particular drug utilized. In

embodiments, the substances described herein may be utilized in the

methods for local drug delivery taught herein in amounts determined by

other optimization procedures known in the art.

[0072] Although certain embodiments have been illustrated and

described herein for purposes of description of the preferred embodiments, it

will be appreciated by those of ordinary skill in the art that a wide variety of

alternate and/or equivalent embodiments or implementations calculated to

achieve the same purposes may be substituted for the embodiments shown

and described without departing from the intended scope. Those with skill in



the art will readily appreciate that embodiments may be implemented in a

very wide variety of ways. This application is intended to cover any

adaptations or variations of the embodiments discussed herein. Therefore, it

is manifestly intended that embodiments be limited only by the claims and

the equivalents thereof.



Claims

What is claimed is:

1. A cuff for the local delivery of a substance to a graft or natural tissue

conduit, comprising:

an outer membrane and an inner membrane defining a reservoir

therebetween;

two free ends forming an open configuration of the cuff when the cuff

is disengaged from the graft or natural tissue conduit; and

a closure mechanism to secure the two free ends and the cuff around

the graft or natural tissue conduit.

2 . The cuff of claim 1, wherein the cuff is further coupled to a drug pump

and wherein the drug pump is in fluid contact with the reservoir.

3 . The cuff of claim 2, wherein the drug pump is in fluid contact with the

reservoir via a connecting tube.

4 . The cuff of claim 1, wherein the inner membrane is configured to be

adjacent to the graft or conduit and has a first surface, an opposite second

surface, and an intermediate porous portion that communicates the second

surface with the first surface.

5 . The cuff of claim 4, wherein the intermediate porous portion is a

microporous portion.

6 . The cuff of claim 4, wherein the reservoir is capable of fluid

communication with the graft or conduit via the intermediate porous portion

of the inner membrane such that, when in use, a substance in the reservoir

may be delivered to the graft or conduit.



7 . The cuff of claim 1, wherein the outer membrane comprises a

substantially non-porous biocompatible material.

8 . The cuff of claim 1, wherein the closure mechanism comprises

mateable features present on the two free ends.

9 . The cuff of claim 8, wherein the mateable features are configured to

be coupled together using sutures, staples, or adhesive.

10 . The cuff of claim 8, wherein the mateable features comprise a first

flange protrusion on a first of the two free ends and a second flange

protrusion on a second of the two free ends, the first flange protrusion and

the second flange protrusion being mateable.

11. The cuff of claim 8, wherein the mateable features comprise a slot on

a first of the two free ends and a protrusion on a second of the two free

ends, the slot and the protrusion being mateable.

12 . The cuff of claim 8, wherein the mateable features comprise a first

overlapping protrusion on a first of the two free ends and a second

overlapping protrusion on a second of the two free ends, the first overlapping

protrusion and the second overlapping protrusion being mateable.

13 . The cuff of claim 8, wherein the mateable features comprise a first

protrusion on a first of the two free ends and a second looped protrusion

having at least one loop on a second of the two free ends, the first protrusion

and the second looped protrusion being mateable.

14. The cuff of claim 13, wherein the second looped protrusion has a

plurality of loops.



15 . The cuff of claim 1, wherein the closure mechanism comprises at

least two protrusions that are configured to be coupled together to secure

the two free ends and the cuff around the graft or natural tissue conduit.

16 . The cuff of claim 15, wherein the protrusions are configured to be

coupled together using sutures, staples, or adhesive.

17 . The cuff of claim 1, further comprising a spacer insertable between

and couplable to the two free ends of the cuff.

18 . A method of securing a cuff around a graft or natural tissue conduit,

comprising:

providing a cuff, the cuff having an outer membrane and an inner

membrane defining a reservoir therebetween, two free ends forming an open

configuration of the cuff when the cuff is disengaged from the graft or natural

tissue conduit, and a closure mechanism to secure the two free ends and the

cuff around the graft or natural tissue conduit;

placing the cuff around the graft or natural tissue conduit; and

impermanently securing the two free ends and the cuff around the

graft or natural tissue conduit utilizing the closure mechanism.

19 . A method of delivering a drug to a graft or natural tissue conduit,

comprising:

providing a cuff, the cuff having an outer membrane and an inner

membrane defining a reservoir therebetween, two free ends forming an open

configuration of the cuff when the cuff is disengaged from the graft or natural

tissue conduit, a closure mechanism to secure the two free ends and the cuff

around the graft or natural tissue conduit; and a pump containing a drug and

in fluid communication with the reservoir;

placing the cuff around the graft or natural tissue conduit;

impermanently securing the two free ends and the cuff around the

graft or natural tissue conduit utilizing the closure mechanism;



operating the pump to deliver the drug to the reservoir and to deliver

the drug across the inner membrane to the graft or natural tissue conduit

when pressure in the reservoir exceeds intraluminal pressure of the graft or

natural tissue conduit.

20. The method of claim 19, wherein the drug is delivered to the reservoir

at such a rate to delay delivery of the drug across the inner membrane by 1-

3 days until such time as the pressure in the reservoir exceeds the

intraluminal pressure of the graft or natural tissue conduit.
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