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DEVICE AND METHOD FOR ESTABLISHING AN 
ARTIFICIAL ARTERIO-VENOUS FISTULA 

FIELD OF THE INVENTIONS 

[0001] The inventions described below relate to treat 
ments for pulmonary hypertension and vascular surgery. 

BACKGROUND OF THE INVENTIONS 

[0002] Chronic obstructive pulmonary disease (COPD), 
chronic hypoxia, hypertension, and left ventricular hyper 
trophy and pulmonary hypertension are diseases of the 
cardiopulmonary system. Chronic obstructive pulmonary 
disease (COPD), Which includes chronic bronchitis and 
emphysema, is a sloWly progressive lung disease caused 
primarily by smoking. In COPD, the lungs are damaged and 
the airWays are partly obstructed, making it difficult to 
breath and leading to a gradual loss of lung function. 
Symptoms of COPD include chronic cough, excessive spu 
tum production, loW blood oxygen levels and severe dis 
abling shortness of breath. COPD represents the fourth 
leading cause of death in the United States. Chronic hypoxia 
(reduction of oxygen supply to the body despite adequate 
blood ?oW through the body), hypertension, and left ven 
tricular hypertrophy are related conditions Which may be 
symptomatic of COPD or coincident With COPD. 

[0003] These serious conditions affect many people, and 
the primary treatments are merely ameliorative. The primary 
treatments for COPD include avoidance of irritants such as 
tobacco smoke and breathing supplemental oxygen. In 
advanced cases of COPD, lung reduction surgery is some 
times performed, but it is not clear that it helps. There is no 
knoWn cure for COPD. 

[0004] An aortocaval ?stula (ACE) is a rare clinical con 
dition that can be either spontaneous (80% of the cases), 
related to abdominal aortic aneurysm, or the result of some 
trauma such as lumbar disk surgery. It is currently seen as a 
defect that should be cured With surgery and, possibly, 
stent-graft implantation in the aorta. 

[0005] Contrary to this understanding, an intentionally 
formed aortocaval ?stula appears to be a viable treatment for 
COPD. Recently, in our co-pending US. patent application 
Ser. No. 10/ (Attorney Docket Number S03-013/U S) 
?led Apr. 6, 2004, entitled Implantable Arteriovenous Shunt 
Device and listing John L. Faul, Toshihiko Nishimura, Peter 
N. Kao & Ronald G. Pearl as inventors (the entirety of Which 
is hereby incorporated by reference), We propose creation of 
an arti?cial aortocaval ?stula as a treatment for COPD, and 
We disclose the method of creating the ?stula and an 
implantable shunt for maintaining the aortocaval ?stula. 

[0006] Shunts or stents for connecting blood vessels have 
been proposed for the treatment of coronary artery disease. 
MakoWer, Device, System And Method For Interstitial 
Transvascular Intervention, US. Pat. No. 6,746,464 (Jun. 8, 
2004)(?led Oct. 28, 1998) discloses a stent With a short 
tubular section spanning the thickness of a coronary artery 
and an adjacent parallel coronary vein. This stent includes 
“clovers” on either end of the stent, and these clovers fold 
radially outWardly to obstruct movement of the stent through 
the vessel Walls. TWo clovers on the proximal end of the 
stent are orthogonal (relative to the radial cross section of the 
stent) to tWo clovers on the distal end of the stent, and the 
interconnecting Wires are parallel to the longitudinal axis of 
the device. 
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SUMMARY 

[0007] The devices and methods described beloW provide 
for treatment of COPD, hypertension, and left ventricular 
hypertrophy, and chronic hypoxia. A vascular shunt rivet is 
disclosed Which serves to hold contiguous points of the 
patient’s aorta and inferior vena cava (or other arteries and 
there associated veins, such as the femoral artery and 
femoral vein, or the carotid artery and the carotid vein) 
together and maintain an open ?oW path from the aorta to the 
vena cava. The device functions as a rivet, holding the tWo 
vessel Walls in close proximity, and as a shunt, permitting 
and maintaining ?oW from one blood vessel to the other. The 
device is implanted, betWeen the aorta and inferior vena 
cava, as a treatment for pulmonary hypertension, COPD and 
chronic hypoxia. 

[0008] The shunt rivet is provided in the form of an 
expandable Wire frame structure adapted for transcutaneous 
delivery and deposit at the desired implantation site. The 
Wire frame structure may be compressed into a small diam 
eter con?guration to ?t Within the distal tip of a delivery 
catheter. Upon expulsion from the catheter, the Wire frame 
structure resiliently or pseudoelastically expands into a 
?oW-through rivet comprising a tube With expanded heads at 
either end. When the rivet is released Within an arti?cial 
?stula formed through the aorta and vena cava Walls, it 
expands to trap the Walls betWeen the tWo expanded heads. 
The tubular section betWeen the tWo expanded head may 
resiliently expand, and may also be balloon-expanded or 
otherWise plastically deformed to enlarge the ?oW-through 
lumen of the tubular section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates the method of installing the shunt 
rivet to create and maintain an arti?cial aortocaval ?stula. 

[0010] FIG. 2 illustrates an aortocaval shunt rivet in its 
restrained condition. 

[0011] FIG. 3 illustrates the aortocaval shunt rivet of FIG. 
2 in a resiliently expanded con?guration. 

[0012] FIG. 4 is a perspective vieW of the aortocaval shunt 
rivet of FIG. 2 in a resiliently expanded con?guration. 

[0013] FIG. 5 illustrates the aortocaval shunt rivet of FIG. 
2 in a fully expanded con?guration. 

[0014] FIGS. 6 through 11 illustrate the deployment of 
the aortocaval shunt rivet of FIG. 2. 

[0015] FIG. 12 illustrates an aortocaval shunt rivet With 
asymmetrically shaped distal and proximal ?anges. 

[0016] FIG. 13 illustrates an aortocaval shunt rivet With 
asymmetrically shaped distal and proximal ?anges. 

[0017] FIGS. 14, 15 and 16 illustrate an aortocaval shunt 
rivet With strut members that form diamond-shaped cells in 
the central section upon expansion. 

[0018] FIGS. 17 and 18 illustrates an aortocaval shunt 
rivet formed With a single Wired Wrapped to form the device. 

[0019] FIG. 19 shoWs a detail of the clinch member, 
illustrating radiopaque markers on the shunt rivet. 

[0020] FIGS. 20 and 21 illustrates a mandrel useful for 
forming and training/heat setting the shunt rivets 
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DETAILED DESCRIPTION OF THE 
INVENTIONS 

[0021] FIG. 1 illustrates the method of installing the shunt 
rivet to create and maintain an arti?cial aortocaval ?stula. 
The patient 1 is shoWn With a delivery catheter 2 inserted 
into the left femoral artery/external femoral artery 3L and 
pushed upWardly through the left common iliac artery 4L to 
a point just above the aortic/iliac bifurcation in the distal 
abdominal aorta 5. The inferior vena cava 6 runs parallel to 
the aorta, and typically is contiguous With the aorta. As 
shoWn in the illustration, the left femoral artery provides a 
nearly straight pathWay to a suitable site of the arti?cial 
aortocaval ?stula 7 Within the abdominal aorta (the right 
femoral vein 9R also provides a straight pathWay to the same 
site on the vena cava side, and may be also be used as an 
access pathWay). The ?stula is created by forming a small 
hole or slit through the Walls of both the aorta and the vena 
cava at immediately adjacent sites, and is maintained by 
inserting the shunt rivet 8 described beloW. The device may 
also be implanted via a route through the left femoral vein 
9L, or through the right femoral artery 3R and/or right 
common iliac artery 4R, though these pathWays are not 
expected to be so readily navigable. The shunt rivet may also 
be installed in an arti?cial arterio-venous ?stula formed 
betWeen the femoral vein and femoral artery on either side 
of the body, indicated as items 10R and 10L, or betWeen the 
iliac artery and the femoral vein, and at locations in the aorta 
above the renal arteries. 

[0022] FIG. 2 illustrates the aortocaval shunt rivet 8 in its 
restrained condition, While FIG. 3 illustrates the aortocaval 
shunt rivet of FIG. 2 in its resiliently expanded con?gura 
tion. The shunt rivet may be formed from a single tube 11 of 
resilient material, such as nitinol, spring steel, glass or 
carbon composites or polymers, or pseudoelastic (at body 
temperature) material such as nitinol or comparable alloys 
and polymers, by laser cutting several closed-ended slots 12 
along the length of the tube (leaving the extreme distal and 
proximal edges of the tube intact) and cutting open-ended 
slots 13 from the longitudinal center of the tube through the 
distal and proximal edges of the tube. The open-ended slots 
are cut betWeen each pair of closed-end slots to form a 
number of loops 14 joined at the center section by Waist 
segments 15. Though the shunt rivet illustrated in these 
?gures can be made of several loops of Wire Welded together 
at the Waist section, and many other fabrication techniques, 
manufacture from a single tube as illustrated has been 
convenient. 

[0023] After the tube is cut as described above, it is 
formed into its eventual resiliently expanded con?guration 
illustrated in FIG. 3. In this con?guration, the loops turn 
radially outWardly from the center section, and evert toWard 
the center plane of the center section, thus forming clinch 
members 16 in the form of arcuate, everted, petaloid frames 
at either end of the loop, extending from the generally 
tubular center section formed by the Waist segments 15. For 
clarity, the term everted is used here to mean that the arc 
over Which the petaloid frame runs is such that the inside 
surface of the device as con?gured in FIG. 2 faces radially 
outWardly from the cylinder established by the tube. FIG. 4 
is a perspective vieW of the shunt rivet in the resiliently 
expanded con?guration illustrated in FIG. 3, more clearly 
illustrating the relationship betWeen the several petaloid 
frames at each end of the shunt rivet. 

Mar. 2, 2006 

[0024] FIG. 5 shoWs a side vieW of the aortocaval shunt 
rivet of FIG. 2 in a fully expanded con?guration. Even after 
the device has resiliently expanded to the extent possible 
given its impingement upon the Walls of the aorta and the 
vena cava, the center section may be further expanded by 
plastic deformation. This may be accomplished by in?ating 
a balloon Within the center section, in?ating the balloon, and 
expanding the center section beyond its elastic or superelas 
tic deformation range. By plastically deforming the center 
section of the shunt rivet, the center section becomes more 
rigid and able to Withstand the compressive force of the 
Walls of the aorta and vena cava. 

[0025] As illustrated, the construction provides several 
pairs of longitudinally opposed (that is, they bend to come 
into close proximity to each other, and perhaps but not 
necessarily, touch) and aligned (they are disposed along the 
same longitudinal line) distal and proximal petaloids. Over 
all, the petaloid frames of the distal section form a “corolla” 
(analogous to the corolla of a ?oWer) ?ange or rivet clinch, 
Which impinges on the vena cava Wall and prevents expul 
sion into the aorta, and the petaloid frames of the proximal 
section form a corolla, ?ange or rivet clinch (this clinch 
Would be analogous to a rivet head, but it is formed like the 
clinch after insertion of the rivet), Which impinges on the 
aorta Wall and prevents the expulsion of the shunt rivet into 
the vena cava, and the central section 17 forms a short length 
of rigid tubing to keep the ?stula open. The resilient appo 
sition of the tWo distal and proximal ?anges or corollas so 
formed Will securely hold the shunt rivet in place by 
resiliently clamping the Walls of the aorta and vena cava 
(even over a considerable range of Wall thickness or “grip 
range”). 
[0026] Referring to FIGS. 2 through 5, the shunt rivet 
may be manufactured With an overall initial length L of 
about 8 to 10 mm to obtain a grip range G of about 3 mm 
(given a typical aortic Wall thickness of 2 mm and a typical 
inferior vena cava Wall thickness of 1 mm at the target site), 
a clinch alloWance C of at least about 3 mm (the clinch 
alloWance is the distally protruding portion of a rivet that is 
turned over, curled or ?attened to form the formed head), a 
formed or blind head alloWance A of about 10-16 mm (We 
use the term blind head to refer to the distal head, Which is 
the head that is formed on the blind side of the joint), a head 
diameter H of 5-16 mm, an initial shank diameter D1 of 3-8 
mm (in the resiliently expanded con?guration, prior to 
plastic deformation), a ?nal shank diameter D2 of 5-12 mm 
to create a How through lumen of about 5-10 mm diameter. 
The grip strength of the shunt rivet should provide for a 
slight compressive force exerted by the opposing clinch 
members on the intervening blood vessel Walls. Thus, the 
shunt rivet is formed such that, in the resiliently expanded 
con?guration, produces a grip strength in the range of 0.1 to 
1.5 OZ (about 3 to 45 gram-force) per clinch member upon 
the intervening blood vessels of the expected thickness. 

[0027] FIGS. 6 through 11 illustrate the method of releas 
ing the shunt rivet so that the distal clinch members are 
released Within the vena cava and the proximal clinch 
members are released Within the aorta. Prior to insertion of 
the delivery catheter, the surgeon performing the implanta 
tion Will image the aorta and inferior vena cava With 
appropriate ?uoroscopic, ultrasonic, or other imaging meth 
ods, and create a pilot hole in the vessel Walls With a crossing 
catheter. As shoWn in FIG. 6, the shunt rivet is housed Within 
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the distal tip of a delivery catheter 23, and is entirely 
restrained Within the delivery catheter. The delivery catheter 
includes an outer sheath 24, a shaft 25 Which is longitudi 
nally slidable Within the outer sheath, and a tapered or 
rounded tip 26 disposed on the shaft. The tapered may be 
mounted on a separate shaft, slidably disposed Within the 
shaft 25, so that it may be pushed through the prepared 
aperture While holding the remainder of the device steady 
Within the aorta. The distal edge of the outer sheath may also 
be rounded or tapered, as shoWn. A distally facing shoulder 
27 on the shaft, just proximal to the shunt rivet, serves to 
keep the shunt rivet in place longitudinally as the outer 
sheath is WithdraWn. A guide Wire lumen 28 may be pro 
vided in the shaft for use With a guide Wire 29, and may 
extend to the proximal end of the shaft for over-the-Wire 
operation or may exit the shaft just proximal to the shunt 
rivet holding segment for monorail guideWire operation, and 
other guide Wire con?gurations may also be used. Aballoon 
30 may be disposed on the shaft (and a suitable balloon 
in?ation lumen provided in the shaft, and a suitable in?ation 
pressure source in ?uid communication With the lumen). 

[0028] As shoWn in FIG. 7, the distal tip of the delivery 
catheter is pushed through a small aperture in the Walls of 
the aorta and vena cava (items 31 and 32)(the aperture is 
made by the operator, using a separate or integral punch, 
needle or lance) to create the arti?cial aortocaval ?stula. 
After the distal tip has entered the vena cava, the outer 
sheath is pulled proximally to release the distal petaloids, as 
shoWn in FIG. 8. After the distal petaloids have reverted to 
their unrestrained con?guration, the entire device is pulled 
proximally to seat the distal petaloids against the inner Wall 
of the vena cava. Prior to complete release of the shunt rivet, 
the operator should con?rm that its location is acceptable 
(any suitable imaging technique may be used). To alloW 
retraction in case the shunt rivet must be repositioned, a 
hook 33 protrudes radially from the shaft 25 and passes 
through a loop of the shunt rivet. This traps and secures the 
shunt rivet Within the outer sheath 24 until the outer sheath 
is moved proximally to release the proximal clinch mem 
bers, so that the operator may pull the shunt rivet back into 
the outer sheath in case its location, as visualiZed prior to 
complete release of the shunt rivet, is undesirable. Any other 
retaining means, such as a resilient or spring-loaded detent, 
a retractable paWl Which engages a loop of the shunt rivet, 
of a retractable hook extending inWardly from the outer 
sheath, may be used in place of the illustrated hook. 

[0029] Then the outer sheath is pulled further proximally 
to release the proximal petaloids, as shoWn in FIG. 9. With 
the shunt rivet securely set in the arti?cial ?stula, the center 
section may then be expanded by in?ating the balloon as 
shoWn in FIG. 10. Upon WithdraWal of the shaft, the shunt 
rivet remains in place to hold the tWo perforations in the 
blood vessel Wall in apposition to each other to maintain the 
?stula, and to maintain an open shunt pathWay betWeen the 
aorta and vena cava, as shoWn in FIG. 11. 

[0030] The ?nal form of the shunt rivet is, according to the 
above description, accomplished With the method that 
includes forming the generally tubular structure having a 
central section With a ?rst diameter, a proximal clinch 
section de?ned by one or more clinch members, and a distal 
clinch section de?ned by one or more clinch members, 
training the proximal and distal clinch members to make 
them resiliently biased to bend radially outWardly from the 
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central section; then resiliently compressing the tubular 
structure to maintain a generally tubular shape and restrain 
ing the compressed tubular structure in a compressed con 
?guration suitable for percutaneous insertion into the body; 
inserting the structure through apposing apertures in the 
aorta Wall and vena cava Wall of a patient such that the distal 
clinch members protrude into the vena cava of the patient 
and the central section is disposed Within the apertures; and 
then releasing the distal clinch members to permit resilient 
expansion of the distal clinch members folloWed by expand 
ing the central section through plastic deformation to larger 
diameter and releasing the proximal clinch members to 
permit resilient expansion of the proximal clinch members 
(the proximal clinch members may be released before or 
after expansion of the central section). 
[0031] The shunt rivet illustrated above may be modi?ed 
as shoWn in FIGS. 12 and 13, Which shoW an aortocaval 
shunt rivet With asymmetrically shaped distal and proximal 
?anges. In FIG. 12, the shunt rivet 35 is similar to the shunt 
rivet of FIGS. 2 through 4, and includes the central section, 
the distal ?ange comprised of multiple petaloid Wire-frame 
members 16d, and the proximal ?ange comprised of mul 
tiple petaloid Wire-frame members 16d. In this embodiment, 
the distal corolla is horn-shaped, “salverform” or “funnel 
form” (as those terms are used in botany), With the petaloids 
arcing outWardly Without everting (Without a substantial arc 
in the proximal direction), While the proximal corolla is 
perianth-like, arcing outWardly and everting With a substan 
tial arc in the distal direction. Each petaloid is signi?cantly 
re?exed, like the perianth of a narcissus cyclamineus. FIG. 
13 illustrates another embodiment of the aortocaval shunt 
rivet With asymmetrically shaped distal and proximal 
?anges. In FIG. 13, the proximal petaloids are highly 
re?exed, and evert to form pigtails With an arc of over 180°, 
and preferably, as illustrated, an arc in excess of about 270°, 
such that the proximal petaloids bend radially inWardly 
toWard the tips 36 to present a length of Wire 37, rather than 
the tip of the petaloids, for impingement on the blood vessel 
Wall. One or both of the distal or proximal petaloids/clinch 
members may be modi?ed to form the pigtails illustrated in 
FIG. 13. In the embodiments shoWn, the petaloids are 
gamopetalous (With the petals united by their margins, at 
least at the base, as in FIG. 2 et seq.), but they may also be 
polypetalous as shoWn beloW FIGS. 14, 15 and 16. The 
embodiments shoWs are also actinomorphic, though they 
may be constructed in Zygomorphic fashion With asymmetri 
cal petaloids. 
[0032] FIGS. 14, 15 and 16 illustrate an aortocaval shunt 
rivet 8 With diamond shaped strut members in the central 
section. This shunt rivet provides a central section 17 With 
a series of expandable loops joined by circumferentially 
oriented struts 38. FIG. 14 illustrates a tube 11 With numer 
ous slots cut into it to form the shunt rivet shoWn in FIG. 16. 
Slots 12 are closed-end slots, leaving a loop 14 extending 
from the central section 17 to form a clinch member cell 39. 
Slots 40 are open or closed-end slots extending from the 
center of the device, leaving small circumferential struts 41 
connecting adjacent cells of the device. Slots 42 are open or 
closed-end slots extending from the center section of the 
device, leaving larger Waist sections 43 connecting the 
circumferential struts With adjacent clinch member cells of 
the device. Slots 44 are closed-end slots extending through 
the Waist sections. As shoWn in FIG. 15, some Waste area 
(segments intended to be removed) 46 shoWn in FIG. 14 are 
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cut away and discarded, leaving expandable Waist section 
cells 47 and clinch cells 39, interconnected by the circum 
ferential struts 38. Though the device is illustrated With three 
clinch members on each end, the number of clinch members 
formed in the shunt rivet may be varied. The Waist section 
cells and clinch member cells, can, as shoWn at 48, share 
struts Which de?ne contiguous cells. As shoWn in FIG. 16 
the Waist section cells, When expanded, form the diamond 
shaped cells of the central section. The clinch member cells 
comprise petaloid cells Which may be described as lan 
ceolate (narroW and tapering to an apex (though the apex is 
preferably blunt)), or ovate (having a broad base and narroW 
tip) rather than reniform or orbicular. The tip of the petaloid 
is preferably obtuse, rounded or blunt. As can be appreciated 
from FIG. 16 the clinch members may also be described as 
longitudinally extending Wires Which connect the longitu 
dinally tips of adjacent Waist section cells. 

[0033] FIGS. 17 and 18 illustrate an aortocaval shunt 
rivet 51 formed With a single Wired Wrapped to form the 
device. In this device, a single Wire has been Wrapped 
around a specially formed mandrel to form a number of 
clinch members 52 on one end of the device and a number 
of clinch members 53 on the other end of the device. As 
illustrated, each clinch member is slanted relative to the 
radius of the device, and the Wires forming the Waist 
segment of the device are also oblique to the longitude of the 
device. As vieWed from the top, each cinch member com 
prises a substantially circular arc, and the Wire continues 
from the arc longitudinally toWard the opposite end of the 
device, forming straight Waist segment 54 Where it runs 
substantially parallel to the long axis of the device until it 
arcs circumferentially aWay from the previous arc to form 
the clinch member on the opposite end, Whereafter it loops 
around to extend retrograde relative to the circumference, 
forming Waist segment 55 running obliquely relative to the 
long axis, and back toWard the ?rst end of the device until 
it curves again circumferentially forWard to form the loop of 
the next clinch member circumferentially adjacent the ?rst 
loop and longitudinally in line With the immediate previ 
ously formed clinch member on the opposite end of the 
shunt rivet, and continues in this fashion until the entire 
tubular structure of the device is achieved. In tracing its path, 
the Wire may cross over one or more other portions of the 
Wire. 

[0034] FIG. 19 shoWs a detail of the clinch member, 
illustrating radiopaque markers on the shunt rivet. A radio 
paque marker may be provided in the form of a radiopaque 
rivet 61 disposed near the tip of the clinch member 16, or it 
may be provided in the form of a Wrapped coil of radiopaque 
Wire or thread 62. The radiopaque markers may be com 
prised of platinum, iridium, tantalum, barium sulfate or 
other radiopaque materials. Similar markers may also be 
applied to the Waist section. The marker material may also 
be selected to enhance visibility under ultrasound imaging, 
magnetic resonance imaging, or other suitable imaging 
techniques. 
[0035] FIGS. 20 and 21 illustrate mandrels or dies useful 
for forming and training/heat setting the shunt rivets. As 
shoWn in FIG. 20, a tWo part mandrel comprises a distal 
mandrel portion 63 and a proximal mandrel portion 64. Each 
mandrel is shaped to correspond to the desired ?nal shape of 
the shunt rivet and its clinch members. The mandrel portions 
are inserted into the tube, after it has been cut, so as to 

Mar. 2, 2006 

deform the device. Where the device is formed from a 
pseudoelastic material that must be heat set or trained, the 
mandrels are dimensioned to deform the device to its desired 
open con?guration. Where the device is formed of spring 
steel or the like, the mandrel is dimensioned to bend the 
clinch members beyond the desired ?nal con?guration. 
Thus, the mandrel of FIG. 20 and the mandrel of FIG. 21, 
though shaped differently, may be used to form quite similar 
shapes for devices made of nitinol and spring steel. The 
mandrel shapes may be modi?ed as desired to achieve 
various clinch member shapes, such as the asymmetrical 
shapes shoWn in FIGS. 12 and 13. 

[0036] The devices described above may be provided With 
coatings or additional structures Which serve as matrices for 
various therapeutic compounds. Drug eluting coatings, addi 
tional drug eluting strut members, drug eluting membranes 
surrounding the central section or drug eluting masses ?lling 
the cells of the device may be added to the devices. For the 
aorto-caval application and the arterio-venous application, 
therapeutic agents such as heparin and other anti-coagulants 
and paclitaxol, rapamycin (SirolumisTM), everolimus and 
other anti-stenotic compounds can be applied to the stent in 
polymer matrices Which permit elution of these drugs over 
a period of time ranging from several hours to several 
months after implantation. Polymers such as polyurethane 
can be used as the matrix. 

[0037] While the preferred embodiments of the devices 
and methods have been described in reference to the envi 
ronment in Which they Were developed, they are merely 
illustrative of the principles of the inventions. Other embodi 
ments and con?gurations may be devised Without departing 
from the spirit of the inventions and the scope of the 
appended claims. 

We claim: 
1. A device for establishing and maintaining an arterio 

venous ?stula, said device comprising: 

a Wire frame structure de?ning a tube having a central 
section, a proximal clinch section de?ned by one or 
more clinch members, and a distal clinch section 
de?ned by one or more clinch members; 

Wherein the proximal clinch members are resiliently 
biased to curve radially outWard from the tube; 

Wherein the distal clinch members are resiliently biased to 
curve radially outWard from the tube; and 

Wherein the central section is resiliently biased to open to 
an unrestrained diameter, and is plastically deformed to 
a larger diameter. 

2. The device of claim 1 Wherein the central section is 
formed of a plurality of Waist segments, and the distal clinch 
members comprise longitudinally extending arcs intercon 
necting adjacent Waist segments. 

3. The device of claim 1 Wherein the distal clinch mem 
bers and the proximal clinch members establish a grip range 
of about 3 mm. 

4. The device of claim 1 Wherein the distal clinch mem 
bers and the proximal clinch members establish a grip range 
of about 3 mm and exert a compressive force on any 
intervening material of about 0.1 to 1.5 ounces. 

5. The device of claim 1 Wherein the proximal clinch 
members are further resiliently biased to evert toWard the 
distal clinch members. 
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6. The device of claim 1 wherein the proximal clinch 
members are further resiliently biased to form a horn shaped 
?ange. 

7. A device for establishing and maintaining an arterio 
venous ?stula, said device comprising: 

a Wire frame structure de?ning a tube having a central 
section, a proximal clinch section de?ned by one or 
more clinch members, and a distal clinch section 
de?ned by one or more clinch members; 

Wherein the proximal clinch members are re?exed relative 
to the central section; 

Wherein the distal clinch members are re?exed relative to 
the central section; and 

Wherein the central section is resiliently biased to open to 
an unrestrained diameter, and 

at least one of said clinch members has a lanceolate shape. 
8. The device of claim 7 Wherein the central section is 

formed of a plurality of Waist segments, and the clinch 
members span interconnecting adjacent Waist segments. 

9. The device of claim 7 Wherein the distal clinch mem 
bers and the proximal clinch members establish a grip range 
of about 3 mm. 

10. The device of claim 7 Wherein the distal clinch 
members and the proximal clinch members establish a grip 
range of about 3 mm and exert a compressive force on any 
intervening material of about 0.1 to 1.5 ounces. 

11. The device of claim 7 Wherein the proximal clinch 
members are further resiliently biased to evert toWard the 
distal clinch members. 

12. The device of claim 7 Wherein the proximal clinch 
members are further resiliently biased to form a horn shaped 
?ange. 

13. A method of forming a medical device comprising: 

forming a generally tubular structure having a central 
section With a ?rst diameter, a proximal clinch section 
de?ned by one or more clinch members, and a distal 
clinch section de?ned by one or more clinch members; 

training the distal clinch members to be resiliently biased 
to bend radially outWardly from the central section; 

training the proximal clinch members to be resiliently 
biased to bend radially outWardly from the central 
section; 

expanding the central section through plastic deformation 
to second diameter. 

14. The method of claim 13 further comprising the steps 
of: 

after training the proximal and distal clinch members, 
resiliently compressing the tubular structure to main 
tain a generally tubular shape and restraining the com 
pressed tubular structure; 

releasing the tubular structure to permit resilient expan 
sion of the distal clinch members; 

thereafter performing the step of expanding the central 
section through plastic deformation to a second diam 
eter. 

15. The method of claim 13 further comprising the steps 
of: 
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after training the proximal and distal clinch members, 
resiliently compressing the tubular structure to main 
tain a generally tubular shape and restraining the com 
pressed tubular structure; 

introducing the compressed structure percutaneously to a 
site Within the body; 

inserting the structure through apposing apertures in the 
aorta Wall and vena cava Wall of a patient such that the 
distal clinch members protrude into the vena cava of 
the patient and the central section is disposed Within the 
apertures; and thereafter 

releasing at least a portion of the tubular structure to 
permit resilient expansion of the distal clinch members; 
and thereafter 

performing the step of expanding the central section 
through plastic deformation to a second diameter. 

16. The method of claim 13 further comprising the steps 
of: 

after training the proximal and distal clinch members, 
resiliently compressing the tubular structure to main 
tain a generally tubular shape and restraining the com 
pressed tubular structure; and thereafter 

inserting the structure through apposing apertures in the 
aorta Wall and vena cava Wall of a patient such that the 
distal clinch members protrude extend into the vena 
cava of the patient and the central section is disposed 
Within the apertures; and thereafter 

releasing the distal clinch members to permit resilient 
expansion of the distal clinch members; and thereafter 
performing the step of expanding the central section 
through plastic deformation to second diameter; and 

releasing the proximal clinch members to permit resilient 
expansion of the proximal clinch members. 

17. The method of claim 13 further comprising: 

forming the tubular structure from a pseudoelastic mate 
rial, said pseudoelastic material being psuedoelastic at 
body temperature. 

18. The method of claim 13 further comprising: 

forming the tubular structure from a resilient material. 
19. A method of treating COPD comprising: 

providing a device having a central tubular section With a 
?rst diameter, a proximal clinch section de?ned by one 
or more clinch members, and a distal clinch section 
de?ned by one or more clinch members; said distal 
clinch members being resiliently or pseudoelastically 
biased to bend radially outWardly from the central 
section; said proximal clinch members being resiliently 
or pseudoelastically biased to bend radially outWardly 
from the central section; 

making a ?rst perforation or aperture or hole or incision 
through the aorta of the patient and a second incision in 
the vena cava of the patient, said ?rst and second 
incisions being in apposition so as to permit insertion of 
the device through both incisions; 

compressing the device into a generally tubular con?gu 
ration and inserting the device into the distal end of a 
catheter, and percutaneously inserting the device into 
the perforation or aperture or hole or incision so that the 
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distal clinch members extend into the vena cava and the members to resiliently or pseudoelastically bend out 
proximal clinch members extend into the aorta, and Wardly to form a proximal clinch operable to impinge 
releasing the distal clinch members from the catheter to on the aorta Wall proximate the incision; and 
alloW the distal clinch members to resiliently or pseu 
doelas?cally bend outwardly to form a distal Clinch expanding the central section through plastic deformation 
operable to impinge on the vena cava Wall proximate to a Second diameter 
the incision; and releasing the proximal clinch mem 
bers from the catheter to alloW the proximal clinch * * * * * 


