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Atherosclerosis is a progréssive disease piocess in which the flow within
the lumen of an artery becomes restricted by a blockage, typically referred to as
an athersclerotic plaque. In the heart, as well as the periphery, a blockage of an
artery can result in pain, disfunction and even death. Numerous methods have
been employed over the years to revascularize the tissue downstream of an |
arterial blockage. These methods include bypass grafting - using artificial, in-
situ venous, or transplanted venous grafts, as well as angioplasty, athere&tom_v
and most recently, laser transmyocardial revascularization. Bypass grafting has
been extremely successful; however, the procedure requires extensive surgery.
Recently, newer techniques such as the transthoracic endoscopic procedure being
pursued by t}_ie company, Heartpdrt, Inc. and Cardiothoracic Systems, Inc., |
illustrate the need for a less invasive method of bypassing éoronary vessels.
These procedures are very difficuit to perform, and may not be widely
applicable. While transmyocardial laser revascularization, a technique in which
small holes are drilled through the wall of the heart, looks promising, the '
method of action is not yet well understood, and problems exist with the use of
laser energy to create the channels. Yet clinicians are still very interested in the
technique because is has the potential to be minimally invasive, and does not
require the patient to be placed on cardzooulmonary bvpass

In the 1970s several cardiovascular surgeons expenmented with the use of
cardiac veins for revascularization. The procedure was for use on patients which
had severely diffuse stenotic coronary vessels. The technique invoived using an

intervening graft from the internal mammary artery or an aortic attachment to a



Background of the Invention Per cut aneous Transvascular Arterial
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. success of this technique varied greatly, and was for the most part abandoned.

Problems included stenosis at the anastomosis, intracardiac hemorrhages from
ruptured venules, and thrombosis of the grafts. _

10 The devices, systems and methods proposed in this disclosure suggest a
new method of percutaneous revascularization. Here, the cardiac veins may
either be arterialized, or may be simply used as bypass grafts. There is no
literature to suggest that this has been ever been attempted. While in-situ bypass
grafts have been made in the perip'hery_, still an incision is made to attach and

15 ligate the vein ends. Another procedure which bears some resemblance to this
technique is called the TIPS procedure - transjugular intrahepatic portosystemic
shunt. In this procedure a stent is advanced into liver tissue to connect the portal
vein to the ih.f_erio_r vena cava. While this procedure can be accomplished

. percutaneously, it is not for the purpose of revascularization of an organ or to

20 bypass a blockage within a vessel, does not pe:'mif retrograde flow within either
of the two vessels, is not performed with an accompanying embolization, and
requires the use of a stent. Further, the devices and methods used in that setting
are too large and do not have the directional capability necessary for use in -
smaller vessels such as those found in the heart.

| 'Open surgery was for many years the only way to gain access to tissues to
perform a surgical maneuver. With the advent of optics, various endoscopic
procedures were developed. Initially, these procedures utilized natural orifices.
such as the urinary tract, oral cavity, nasal canal and anus. Most recently, new ™

30 techniques using transabdominal and transthoracic ports have been developed.

These thorascopic or laparoscopic procedures essentially use instruments which
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are long-shafted versions of their counterparts in open surgery.’ General
anesthesia is usually required, and there are still several smaller wounds which
require healing.
Another problem that exists with th;s approach is the 1denbf1cahon of
5 anatonucally consistent reference points. For precise surgery, such as in the
brain, a frame is usually attached to the patients head to provide this reference.
More recently, a ‘frameless’ system has been developed which utilizes a much
smaller frame mounted with several light emitting diodes (LEDs). The LEDs are
correlated to LEDs on the instrument itself uSing three cameras mounted to the
10 ceiling. This aid in the correlation of the frame to the landmarks, and assures
proper positioning of the instrument. While this seems like an extensive effort, it
underlines the importance of gaining access to the exact location desired.
Traditionally, the vascular system has been entered for the sole purpose of
addressing a vascular problem. Angioplasty, atherectomy, stents, laser
15 angioplasty, thrombolysis and even intracardiac bfopsy devices have all been
designed for intravascular use. . _
Summary of the {nvention
A device, systeni and method-are-provid_ed for utiliziné the vascular
system as a conduit throﬁgh which an intervention can be rendered within and
20 beyond the vascular wall. In accordance with one embodiment, a device is
introduced into the vascular system at a convenient entry point and is advanced
to a particular target location at which point an opening is created to allow the
passage of the device or another a device or devices through or around the port
into the space beyond the interior of the vessel. In one embodiment, a system is
25 used to act as an access port to the space through which a procedure may be
performed. Such a procedure may be used worthwhile for cooling or ablating a
volume of tissue, injecting or infusing a drug, substance or material, cutting,
manipulating or retrieving tissue, providing access for endoscopic visualization
or diagnosis, the placement of an implantable or temporary device, crea ting an
30 alternative tract through which blood may be conducted for the purpose of

revascularization or for performing some other surgical procedure. In another




sdphenous vein. Instead of sewing the grafts to the distal coronary artery,
t he- grafts were attached to the coronary or cardiac vein in the sane
| gcation. The . proximal portion of the vein was then ligated to prevent
a shunt, and the patient was then taken off cardi opul nonary bypass,
and chest -was _closed. In this 5 nodel, the vein were "arterialized,
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techni que varied greatly, and was for the npst part abandoned.
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vascular supply orientation to anatomic landmarks provides a simple method of
repeatedly accessing perivascular structures under imaging or other guidance.
10 This may be particularly useful for accessing areas within the brain, kidney,
lung, liver, spleen as well in other tissues, and represents a sig-nifiéant advantage
over tissue marking lmaﬁzatioﬁ, external frames or so-called “frameless”
external instrument orientation systems. In a final embodiment, the system is
used to create an opening in the vessel proximally, tunneling through the tiséue
15 adjacent to the vessel, and re-entering the vessel at a distal point. This may be
useful for providing an alternate path for blood flow around a lesion with a
vessel. :
Detailed Descrioti f the Preferred Embodi I
. . The invention herein utilizes the vascular system as a perfect conduit to
20 any region of the body. The devices, systems and methods described here
provide a new way that the interstitial space can be accessed for surgical
purposes. The invention described herein provides a system for gaining .
percutaneous access to any part of the body through the vascular system, and
provides the basic set of instrumentation for accomplishing several surgical and
25 medical end-points. |
The present invention provides a percutaneous means for revascularizing
' an organ fed by a diseased vessel. In accordance with further embodiments of
‘the pres'ent_inVéntion. a complete multiple éoronary artery bypass may be
accomplished without cracking open the chest, general ahesthesié or

30 cardiopulmonary bypass.
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acconpanyi ng enbol i zati on, and requires the use of a stent. Further, ..
t he devi ces and nmethods used in that setting are too | arge and do not
have the directional capability necessary for use in smal | er vessels
such as tho in the heart. 25 Transvascul ar Intervqﬁﬁﬁé r
Interstiti alwl%g?gyg?ly Open surgery was for many year ﬁf’ﬂg‘%nl y
way to gain access to tissues to perform a surgical maneuver. Wth the
advent of optics, various endoscopic procedures were devel oped.
Initially, these procedures utilized natural orifices such as the
urinary tract, oral cavity, nasal canat>and anus. Mbst recently, new 30
t echni ques using transabdom nal and transthoracic portz have beent_ I
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method of the invention will be discussed with reference to the device's use to

_bypass a lesion within the coronai'y artery in the heart percutaneously.
However, it will be understood by persons. of ordinary skill in the art that the
5 general method, system and device as described herein are equally applicable to

the surgical manipulation of any perivascular structures. This invention

represents a new concept in minimally invasive surgery which is that the -
vascular system may be used purely as a conduit to a desired surgical point.
Under the proper guidance, at that surgical point, the perivascular space can be
10 penetrated by a device so as to allow for the insertion of various iris_trumentatidn
to effect a surgical effect. Some examples of these procedures may include but
are not limited to: transvascular intracranial access and subsequent therapeutic
or diagnostic intervention to various perivascular tumors, hemorrhages, stroke-
effected areas and diseased zones; transvascular tissue biopsies from the brain,
15 heart, kidney, liver, lung or boﬁe; transvascular impléntaﬁon of drugs, materials
or devices such as sensors, radioactive seeds, ferromagnetic particles, balloons,
cells or genetic material. o | '-

Referring to FIG. 1, a typical coronary sinus guide catheter 4 is shown

having been advanced up the vena cava 7 and into the heart 1. Although not
20 shown, the guide catheter 4 has been advanced into the coronary sinus within

the right atrium of the heart 1. This guide catheter will be of the type generally
known in the art to include a tip of sufficient compliance and size to assure
atraumatic insertion into the coroﬁary sinus, with a balloon at its distal end to
perinit the retrograde injectibn of contrast to permit imaging of the cardiac

25 venous system. The transvascular interstitial surgery (TVIS) guide catheter 5 is
inserted through the guide catheter _and“a.\.dvér_xged through one cardiac vein 3
over a guide wire 28 to a desired poiht a-d'jacent'to a corbnary arteiy 2. The
figure shows a TVIS pr-ob-e'27 Eeing advancedthrough the TVIS g”uide“ catheter 5
through an opening in the cardiac vein 3 to a desired point in the coi'onary artery

30 2.
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ar-e | ong-shafted versions of the|r counterparts in open surgery Gener al
anest hesi a |s usual ly required, and there are still Elever aIh smal | e[ vvoutnﬂs
whi ch pheal i ng. Anot her problem that exists wi
this approach | s t & identification of 5 anatom cal |y conBFWPeig16263

ref erence points. For precise surgery, such as in the brain, a frane
is usually attached to the patlents head to provide this reference

More recently, ‘framel ess' system has been devel oped which utilizes a
much smal | er frame nmounted with sgveral light emtting di odes (LEDs).
The. LEDs are correlated to LEDs on the instrunent itself using three

caneras nounted to the 10 ceili.ng. This aid in the correlation of the
frame to the | andnBik? shemdn'asmrdeml thevumtsﬁahcmﬂslahdeﬂtnpenﬁftsw\ﬁ:h

Instrument. \WLlg bte%auaeeae&s the 55 flaS RO ¥erld QL bvrd guide catheter 5
is shown within a cardiac vein 3 being advanced over guidewire 28. A balloon
21 is provided on TVIS guide catheter 5 for the purpose of blocking flow,

5 stabilizing the catheter within the lumen, or dilating the passageway. TVIS
guide catheter 5 is also provided with either or both active orientation detection
‘ means 23 and passive orientation detection means 22. Persons of ordinary skill

in the art could identify that the passxve orientation means 22 may be conhgured
of any of a known set of materials which would allow for the radiographic,

10 fluoroscopic, magnetic or sonographic detection of the position and orientation
of the distal portion of the TVIS guide catheter 5 within the body. These
materials include but are not limited to any radiopaque material such as barium
or steel, any ferromagnetic material such as those with iron, or any material or
composite which provides sufficieht interference to sound waves such as trapped

15 air bubbles, scored metal or several laminates. The active orientation detection
means 23 permits the proper 360 degree orientation of the distal portion on the
TVIS guide catheter 5 within the lumen of the vessel, in this case cardiac vein 3.
This active orientation means 23 can utilize any one but is not limited to one of

. . the following technological schemes: the active orien_tation_means 23 maybea

20 simple piezo-electric, wire or silicon based slab capable of sending and receiving
a signal to detect the présence or velocity of flow within an adjacent vessel; this
same devxce could be an array of receivers in relationship to a transmitter for the
purposes of provxdmg an image of the surroundmg tissue; this same device
could also be a simple transmitter capable of sending a signal to guidewire 202

25 positioned in this case within the coronary artery 2 - where guidewire 202is
further modified to include a small receiver/transmitter 203 and wire bundle 204
capable of retuming a signal to the operator upon detection of the signal emitted
by active orientation means 23; the reverse system is also applzcable where the
small receiver/transmitter 203 sends a szgnal to active onentanon means 23; the

30 same could also be said for orientation means 23 to send or receive signals to or

from any of a series of known signal generators including sonic, electromagnetic,



underlines the inportance of gaining access to the exact |ocation desired.
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need to be advanced simultaneously and may have the following configurations:
the TVIS sheath 26 may be a sharp tipped or semi-rigid cannula ca’pable of being
inserted into the tissue alohe; the TVIS probé 27 may be a relatively rigid wire,

10 antenna, light guide or enefgy guide capable of being inserted into the tissue
alone with the support of TVIS sheath 26; or further the TVIS probe 27 and TVIS
sheath 26 may be operatively linked where the two are inserted together into the
tissue. The TVIS probe 27 and/or the WIS sheath 26 provide the initial
connection between the two vessels, the cardiac vein 3 and coronary artery 2.

15 Once the TVIS sheath 26 is placed, 2 more floppy guidewire can be placed
through it to permit the advancement of additional instrumentation in the case
where another lumen is to be entered. A.ltemativ'ely, no guidewire may be
necessary if the interstitial space is being entered to perform a different type of
procedure. This proceduré may be used to create a bypass path from cbronary

20 artery 2 around a coronary stenosis 201, into the cardiac vein 3 and in some
cases, back into the coronary artery 2.

To prevent corohary blood from shunting directly back into the right
atrium through the coronary sinus, it is necessary to block flow at one or more
points within the cardiac vein. Referring to FIG. 3, once the hole is made, and it

25 is determined that it is of sufficient size, an embolization device, such as an
embolization balloon 33, can be used to block flow in the cardiac vein3ina
region proximal to tissue track 36. This maneuver ensures that coronary _arterial.

flow 34 passes thrdﬁgh tissue track 36 and results in a retrograde cardiac venous
flow indicated by arrows 35a and 35b. The embolization balloon 33 is placed

30 using embolization catheter 31 and upon proper inflation, is detached via a

detachable segment 32. Those skilled in the art will recognize that any one of
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enbodi ment,, the systemis used to achieve an opening in an adj acent vessel
pr oxi mat e to the first opening to allow the passage of blood through the
channel Cr QR PPy the device. Such a procedure may be UsgiflhicdcAlasy
creating alternative vascul ar channels to provide alternative

revascul ari zation routes, such as in the 5 heart between the coronary.
arteries and cardiac veins. Wth further specificity,

-8-

~ several devices and materials are available for the purpose of embolization.

These include detachable ballocns, coils, strands of coagulation producing
material, microfibrillar collagen, collagen sponge, cellulose gel or sponge such as
Gelfoam (TM), or special stents. FIG. 3 shows how these devices can be used to

5 re-arterialize the venous system distal to the connection. Howevei, as shown in
FIG. 12, it is possible to simply provide a bypass path by performing the same |
procedure in reverse in an appropnate downstream location. It should be
mentioned that these embolization devices may also be used to block off any
unwanted tributaries branching off from the cardiac vein. FIGS. 4 and 9 are

10 described later in this document.

FIGS. 10A-10B and 11A-11B depict two additional schemes of
embolization devices in accordance with the invention which also may have -
utility to accomplxsh the desired closure.

FIG. 10A depicts a compressed collagen sponge 101 located withinan -

15 outer sheath 102, capable of being delivered over guidewire 51. Once the
guidewire 51 is advanced into vessel which is to be embolized, outer sheath 102
is withdrawn over inner core 103 to permit collagen sponge 101 to expand into
the vessel as seen in FIG. 10B. Once completely __delivered, the guidewire 51 and

. the catheter assembly 102 and 103 are withdrawn, leaving the sponge in place.

20 FIG. 11A depicts a one-way valve stent 112. Membrane 111, disposed
within the stent 112, is confiéured to be tylindﬁcal at side 116, yet collapsed
upon itself at side 113 to form a one-way valve. As seen in longitudinal section
FIG. 118, this allows flow in the direction of arrow 114 and the advancement of
devices in this direction, but prevents flow in the direction of arrow 115 as well

25 as preventing devices from entering from that direction. The one-way valve
stent 112 can be easily placed over a catheter into the desired location and
expanded to fit in position. Once the internal delivery catheters are removed,
membrane 111 is allowed to collapse, instantly creating a value-like action.

In a further embodiment, an embolization device may not be necéssary, as
30 shownin FIG. 4. A stent 41 is placed through tissue track 36 such that coronéury

portion 41a and venous portion 41b are positioned as shown, Stent 41 rﬁay be



such a system may be used to bypass coronary arteries and provide for
cartiac VETTOUS ar terrar rzatTorm, —Or- segnentat grafting. |In addirtton, the
stability of vascul ar supply orientation to anatom c | andmarks prOV|des
~a sinple nmethod of repeatedly accessing perivascul ar structures under

" imagi ng or other guidance. 10 This may be particularly useful for accessing
- areas W t hi nwdwe/iagai n, ki dney, lung, liver, spleen as RETIUSSsIIcA6Ter

ti ssues, and represents a significant advantage over tissue narking

| ocal i zation, external franmes or so-called "franel ess"” ext erna
instrument orientation systens. In a final enbodiment, the systemis

used to create an opening in the vessel_ gbroxi mally, tunneling through the
ti ssue 15 adjacent to the vessel, and re entering the vessel at a distal

_point. This rray be usef ul for provi di ng an alternate path for bl ood
flow around a 81;; hatedial, a deti&Seh trix of cells, such thatdtdHak£Ho
Descri ption of the y\%erreg I%nt?odl ment osrama rix of ce s'%fe I nvent |aoﬁ hzrel n
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surgi cal and 2facRe3b wad crested pothesterial to venous direEtien.pTies eold allownfor te
provides a per S?Jpgp ggslilt?or{xrr?ga Ofa étﬁ&evﬁlﬁ\é aRd gtlzéisreﬁ&elnn the stent to allow. for the
device to be oriented in the arterial to venous direction. It should be clear that it
is also possible for a similar stent to be placed downstream (in a location, for
10 example, corresponding to region 1203 in FIG. 12 accessed through vein 3) from
the venous to arterial direction to permit a complete bypass of the stenosis 201 in
the coronary artery 2. Stent 41 must have the capability of being dimensioned
such that proximal portion 412 and distal portion 41b may be expanded into
shape which closely approximates the respective wall of the vessel into which it |
15 is placed. Altematively,'as shbwn in figure 4a, the stént 410 may be placed such
that proximal portion 410a and distal portion 410b do not block flow, but sxmply
act to maintain the dimensions of tissue track 36.
~ FIG.5 shows how tissue track 36 can be dilated by a standard balloon 52
advanced over guidewire 51 for _the' purpose of ensuring that tissue track 36 is_
20 wide enough to receive the flow. Further, this step may be necessary to properly
dimension the tissue track 36 prior to insertion of other devices such as the stent
41 seen in FIG. 4, or stent 410 seen in FIG. 4a. | _
_ A stent may not be necessary to maintain the size of tissue track 36 if
enough material can be removed or ablated between coronary artery 2 and
‘25 cardiac vein3. InFIG 6, a vaporizatioﬁ catheter €3 is shown being advanced
over guidéwire 51. Here, energy "61 is delivered to the tissue track 36 through
the distal portion 62 of the vaporization ca théter 63 to create a properly
" dimensioned connection between artery and vein. Those skilled in the af_t will
recognize that this vaporization catheter 63 may also be used to deliver thermal,

30 cutting, welding or coagulative energy via several means including but not




anm organ fed by a di seased vessel.- I n accordance with further enbodi nents

of . the present invention, a-conplete nultiple coronary artery bypass
' may be . acconpl i shed w thout cracking open the chest, general anesthesia
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limited to laser, bipolar or monopolar radiofrequency (RF), microwave,
ultrasound, hot-wire, or radiation.
Stents such as those shown in FIG.4 and 4a may be necessary to control
dimensions of the tissue track 36 from expanding under pressure, or closing as a
5 result of restenosis. Another method of maintaining the dimensions of tissue

track 36 permanently or temporarily during the healing and remodeling process

is shown in FIG. 7. Here a polymer stent 71 is shown covering the walls of tissue
. | track 36. Such a polymer stent 71 may be placed either by insertion and dilation

using a balloon catheter, or may created in-situ using various methods known in

10 the artand practic'ed by a company by the name of FOCAL (TM) located in
Massachusetts. Such a polymer stent 71 may permit the tempo.rary protection
from the effects of restenosis or pseudoaneurysm formation, and may dissolve
after a period of time to reduce the likelihood of any iong-lasting tissue reaction
effects.

15 It niay’ be possibie that the creation of a tissue track is undesirable, due to
the high likelihood that problems such as restenosis or pseudoaneurysm - |
comi:licate the procedure. This problem may be overcome using methods such
as those shown in FIGS. 8, 9,. 9a, 9b, 9¢, 22, 22a and 23. _

' ~ In FIG.'S, a welding ca the.ter system is used which consists of proximal

20 welding catheter 81 and distal welding catheter 86. After the tissue track is
creatéd ﬂuough interstiti.all-space 29_ between cardiac vein 3 and coronary artery
2, guidewire 51 is inserted. Distal welding catheter 86 is then advanced over

| guidewire's_l and disténl_ approxima tion balloon 89 is inflated. Subsequéhtly,
proximal welding catheter 81 may be advanced over the distal welding catheter

25 86. Atthat point, proximal approﬁimation balloon 82 may be inflated, and the '

~ two balloons may be pulled into position, opposing the edges of the opening in
the coronary artery 2 and cardiac vein 3. The approximation balloons and
welding catheters may be equipped with one or more of the following
componénts; intraweld electrodes 83, contralateral _We_ld'ihg' surfaces 87 and 88,
30 return electrodes 85 and 84 and a thermocouple 801. In this configuration,

bipolar RF energy may be used to weld the two vessel opehings together without



bypass-a lesion within the coronary_artery in the heart percutaneously. .
y skill Ln the art that

t he 5 general nethod, system and device as described herein are equal l'y

applicable to- t he surgical manipul ation of any - perivascul ar
structures. This invention represents a new concept in mninmally

I nvasi ve surger .ch is that the vascul ar system may be used urely
as a conduitagb¥%¥hésired surgi cal point. Under the p* ance,
at that surgical point, the perivascular space can be 10 penetrated by a
device so as to allow for the insertion of various instrunentation to

effect a surgical effect. Sone exanples of these procedures may include but
are not limted to: transvascul ar intratani al access and subsequent

t herapeutic or diagnostic intervention to various perivascul ar
tunors, henorrhages, stroke- effected areas and di seased zones;
transvascul ar theqwed foy asjslitiennl meghanichbaitachment dque&ergymxaheydehvereér

'l ung or bone; £x&?e9%¥ﬁ§£dﬁ'tﬂ£ A Pl ih %Eéé@anﬁ% S balween the Of

‘devi ces such as sensors, I oactive seeds, terronmagnetic particles,
bal | oons, intmamtedd elechgedaa‘@ﬁ endithesehuah electrodes 85 and 84 Rkt either agpef theFI G 1,

a typi cal coropar cat heter, 4 | Vi bheen.
advanced up th%’&%ﬁ%‘%% a iog%ohgﬁegtﬁnﬁér%%t?\ ippﬂxgﬂ% %ﬁ” ?e%ggs] own,
the gui de ca8 heltedted tdadesireelterngerature theasiired bj ehezmoomepiy 861 Mkds Wi t hi n

th ht at f the heart 1. Thi de_cat et || he af the t
generarly | BRGNS AHERAeA e 1 SRR et oh S e iEn Belh | dnce

and si ze to asfssieis fused.oAft@fiBibhthe powet ﬂs@xﬁrnbﬂbff thadallodraeae gefdted)s, W th
a balloon at its distal end to
and the apparatus is removed leavmg the two openings fused around their
perimeter.
10 In FIG. 9 a mechanical stapling method is described to attach the two
‘vascular openings. Stapling catheter 91 has outer sheath 96, optional heating
coils 94 and 97, staples 95, and micromachine staple holders 93. Stapling catheter
91 is advanced through tissue track 36 until the device is well into the coronary
artery 2. The outer diameter of the outer sheath 96 is sized to slightly dilate the
15 tssue track 36 between the two vessels. Quter sheath 96 is pulled back until the
full upper halves of staples 95 are exposed. This point of pull back is controlled |
_at the proximal end of the catheter. The staples 95 are composed of either a *
spring-like material such as stainless steel, or super elastic alloy such that they
spring into a curved position as seen in FIG. 9a. This effect may also be
20 accomplished .using shape memory materials such as nitinol and adding heat
thrdugh coil 97. Once staples’ 95 upper halves have achieved their curved state,
the stapling catheter 91 can .be withdrawn, as shown in FIG. 9B, allowing the tips
. of the'staples 95 to seat into the circumference of the opening-in the coronary
artery 2. Now the outer sheath 96 can be fully withdrawn {as shown in FIG. 98B),
25 permitting the lower halves of the staples 95 to seat into the inner aspect of the
circumference around the opening of the cardiac vein. Again this effect can be
created either passively upbn release of the sheath, or actively using'heat from
heating coil 94. While the passive approach is more szmphﬁed the active
| approach allows for the reversal of the device usmg an m)ecnon of cold saline.
30 This may be desirable in cases where the seating of the staples 95 was not

accomplished correctly. Finally, once the staples’ placement is assured, they may
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pernmit the retrograde injection of contrast to pernmit-inmaging of the
cardi ac 25 venous system The transvascular interstitial surgery (TVIS)
gui de catheter 5 is inserted through the guide catheter and-advanced
t hrough one cardiac vein 3 - over a guide wire 28 to a desired point

adj acent to @wog3feIry artery 2. The figure shows a TVIgeRpehAsss Pei ng
advanced through the TVIS guide catheter 5 t hrough an opening 1n the

cardiac vein 3 to a desired point in the coronary artery 30 2.
WO 97/13471 '
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be released by the micromachine staple holders 93 resulting in the configuration -
shown in FIG. 9C, wherein staples 95 cause the tissue 36 to be maintéined inan
open condition. Those skilled in the art will recognize that other than utilizing
micromachines, there may be several i’nethods_of staple release, including
5 thermal material methods such as solder melting, thermal degradation of a
retaining polymer or biomaterial, as well as mechanical methods such as the -
_ removal of a retaining wire, balloon expansion of a weak retaining material, or
‘ an unlocking motion of the stapling catheter 91 with respect to .the staples 95 that
could only be accomplished after the staples have been fixed in place.

10 . FIG. 22 shows another embodiment for holding together the two 6pertings
in both vessels. This embodiment utilized a distal guide catheter 2205 which is
inserted over a guide wire 2206. An upper clip 2204 is held to the distal guide
catheter 2205 by a collapsible retaining unit 2207 loca ted near the upper clip
2204. This assembly is advanced through tissue track 36 until it is completely

15 through. In this case, the collapsible retaining unit 2207 helps to dilate the issue
track 36 since the upper clip 2204 is dimensioned to be slightly larger than the _
diameter of tissue track 36. A proximél guide catheter 2201 with a lower clip
2202 at its tip are advanced over the distal guide catheter 2201 towards .tissue -

. “track 36. The 'tyvo clips 2204 and 2202 are then.pulled toward each othér until

20 tines 2208 of upper clip 2204 penetrate and lock into the receiving holes 2209
located in the lower clip 2202. Upon successful locking, the collapsible retaining
unit 2207 is collapsed and both proximal and distal catheters are withdrawn
lé'aVing the clips behind as seen in FIG. 22a. The collapsible retaining unit may,
for example, be a balloon, struts composed of shape memory material, or wire

25 pins controlled at the proximal end of the catheter.

A further welding device in accordance with an embodiment of the
present invention is detailed in FIG. 23. Here a very similar scheme to that
found in FIG. 8 is employed with the exception that energy is released from a

* central emitter core 2301 i nfo the opposed openings of vessels 2 and 3. In this
30 case, after the two openings are opposed, by balloons 89 and 81, a central emitter

_core is advanced into the center of the catheter assembly 81 and 86 to a position



FIG 2 shows in nore detail the various functions and conponents whi ch

cotit-t—be—tncuded—on—the—Tv-S—gurte-—cattreter—5—tere the TVI S gui-tde—

catheter 5. is shown within a cardiac vein 3 being advanced over
guidewire 28. A balloon 21 is provided on TVIS guide catheter 5 for
t he purpose of bl ocking flow, 5 stabilizing the catheter within the

| umen, or di Wi edefihe passageway. TVIS gui de cat het er perise@ica6s
provided with either or both active orientation detection nmeans 23 and

passive orientation detection neans 22. Persons of ordinary skill in
the art could identify that the passive orientation neans 22 may be
configured of any of a known set of materials which would allow for
t he radi ographic, 10 fluoroscopic, nﬁb’ﬁet i c or sonographic detection of
the position and orientation of the distal portion of the TVIS guide

catheter 5 within the bod terials e but are not
limted to anf*ﬁeérﬂixﬁt&gaﬂ&xm'e&%ﬁ“emgg E‘B teg%éfrtp“? el any
ferromagnet i c e dond to%ii@dih@%nbti'gbﬁﬁm‘p‘eiammﬂ\e 16¢al meaaﬁﬁbm@dmg the

conposite which provides sufficient int erference to sound waves such as
trapped 15 adeviseBhpemit Risigne dhisgnergy and tha senilter maybg of te fonmof 3260 v e

orientation da&gﬁk i3Brally firin RABSELeS, MRFdWive &B&&@ma&snégqeﬁiqmﬁae

orientation of |stal portion on the TVI S gui de cat het er 5 within
the |umen of ehlocliymeuntedmlirasound groduging pigroelpetris coystal or lasgremitige. j ye

?L;e?gﬁt l)\?mnngq?\grgﬂnol gg{kgg}daggisgr%hgylp?ﬂgogg{xﬁné\/?d;ﬁngrﬂl g}%‘gﬂd&gans ngf may be
a FIG. 12 depicts the final result after the coronary bypass procedure is
complete. Normal coronary flow 34 is bypassed around stenosis 201 through
tissue track 1202 into cardiac vein 3 and back into coronary artery 2 through
10 tissue track 1203. Here a generic embolization device 1201 is shown blocking the
upstream and downstream cardiac veif_l 3in addition to a tributary vein 1204. In
the case where simply cardiac venous arterialization is desired, only the
proximal embolization and attachment would be required. |
FIG. 13 depicts a generalized TVIS access port 1301. The TVIS port has a
15 housxng 130 and an entry port 138 which permits the introduction of various
instruments. The entry port 138 may also have the ability to maintain pressuré or
hemostasis within the catheter alone or when instruments are inserted through it.
Catheter 133 has a proximal po-rtion which forms the housing 130 and a distal
portion which forms the tip 1302. The TVIS access port 1301 may also be
. 20 provided with an imageable marker 139 and a stabilizing balloon 134 located at
its distal portion. After the TVIS guide,caihétek 5showninFIG.5 bbtains
interstitial access and leaves behind a guidewire, the distal tip of the TVIS access
port 1301 is piaced percutaneously over the guidewire and advanced to the
interstitial location 138. Upon identification of the marker 139 outside the vessel
25 132, the balloon 134 is inflated. Those skilled in the art should recognize that
stabilization means at the tip may also_includg_lpckixig wires, expandable cages,
and expandable'stent'-lik'é frames. Once the TVIS access port is fixed in location,
numerous other devices may be inserted for effecting a medxcal or therapeunc
intervention. These include endoscopes 135, surgical tools 136 such as needles,
30 cannula, catheter scissors, graspers, or biopsy devices, and energy-delivery

devices 137 such as laser fibers, bipolar and monopolar RF wires, microwave
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20 sinple piezo-electric, wire or silicon based slab capabl e of ‘'sending and
recei vi ng a signal to detect the presence or velocity of flow within
an- adj acent vessel; this sane device could be an array of receivers in
relationship to a transmtter for the pur poses -of providing an i nmage
of the surrowodznge7ti ssue; this sane device coul d al sopgfusesnisige! €
transmtter capable of sending a signal to guidewire 202 25 positioned in
this case within the coronary artery 2 - where guidewire 202 is’ further
modi fied to include a small receiver/transmtter 203 and wire bundl e 204
capable of returning a signal to the operator upon detection of the signal
emtted by active orientation rrean§1423; the reverse systemis al so
appl.i cabl e where the smal | receiver/transmtter 203 sends a signal to

o e O o S0 R B S PRSP LBl S 2
si gnal gener at fricge TWIS atdéss poto 1000 areplecid; eavignRaliigical procedures may be
conducted completely through the vascular system on tissues in the periphery.
FIG. 14 shows another embodiment of a TVIS guide catheter 146 in
5 accordance with the present invention. Here the TVIS guide catheter 146 is
shown having an actively deflectable distal ﬁp 145. In this case, the distal tip 145
. is deflected by a shape memory material 142 embedded in the distal tip 145 of
. the device. When this material is heated by heating coil 147, thé material fapidly
bends into a desired configuration. A working channel 143 is provided for the
10 advancement of the desired TVIS device. - Here a needle 141 js shown infusing a
drug 140 into the perivascular tissue. As discussed previously, the TVIS guide
catheter 146 may also include a balloon 144 for stabilization within the vessel, .
and a passive imaging marker 148,
FIG. 15 depicts the same TVIS catheter 146 with the addi tiqx"ta_l component
15 of an active imaging device 23 as described previously. Also in FIG. 16, the TVIS
‘probe 27 and TVIS sheath 26 are shown exiting tf\e working channel 143 at the
distal tip 145. Further, a flush channel 150 is also shown. |
FIG. 17 depicts another method of creating an accuraiely sized tissue track
. 36 in accordance with an embodiment of the présent invention. A retrograde
20 tissue cutter catheter assembly 173 is advanced over guidewire 51 through tissue
track 36. The retrograde tissue cutter assembly 173 has a cylindrical blade 171
attached to a dilating tip 170. The tip 170 is advanced through the tissue track 36
until the blade 171 is beyond the opening within értery 2. Once that position is
found, a much larger base catheter 172 is advanced against the proximal opening
25 within vein 3. The blade 171 and tip 170 are then pulled back against the edges
of tissue track 36, capturing tissue within the cylindrical blade 171 as it is presséd
against the base catheter 172. After the assembly 173 is removed, the resulting
tissue track 36 is the size of the outer d_ia_z_n_ete_.r of the cylindrical blade 171.
FIG. 18 depicts a TVIS guide catheter 182 in accordance with an
30 embodiment of the present invention where a distal balloon 181and a proximal |

balloon 180 isolate a section of the artery which is to be penetrated. “This may be
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light or radiation signals. The TVIS guide catheter 5 is provided in thi

~case with - an additional opening'to allow for ‘the selective injection

~of contrast-or fluid into .~ the vessel, in this case cardiac vein 3.

- Once the ori woewisen of the TVIS guide catheter 5 i s agaavusd¢/ia2be TVI S
probe 27 and TVI S sheath 26 may be advanced 5 through the wall of the
cardiac vein 3 into the interstitial space 29 and into the coronary 3

~artery 2. The TVIS probe 27 and TVIS sheath 26 do not necessarily need

to be advanced sinul taneously and nmay hhgve the foll ow ng configurations:
the TVIS sheath 26 nay be a sharp tipped or sem -rigid cannula capable of
bei ng inserted into the tissue alone; the TVIS probe 27 may be a

[) elatively { i gisefmﬁ usiH@ tROTVIDBuidé Td!hétexglﬂdﬁ aGiigtepresaye gesselsuctagabl e of
eing inserted into the tissue al.one with the support of.. TVl S sheath
26; or furt herﬂ%?%\ﬁ%‘@b@te{ﬂ%ﬁﬂyﬁl'@eﬂnam?ﬁ%%&ﬂfp“g@hﬁﬁgnw %g‘fr atively
li nked where thgtats iaFeGiZiserted together into the tissue. The TVIS
probe 27 and/or the TVIS sheath 26 provide the initial '

Another alternative method in accordance with an embodiment of the
5 present invention for bypassing a section of a vessel is depicted in FIGS. 19A and
19B. FIG. 19A depicts a TVIS guide catheter 146, such as described in FIGS. 14
and 15, but here having a distal tip 145 with an actively controlled shape
memory material 142. Here the TVIS guide catheter 146 itself is shown tunneling
through surrounding tissue utilizing probe 27 and sheath 26 to guide the way.

10 Ultimatelj, the catheter 146 creates 5 tunnel 190 which can be used to allow flow
from one point to another point in artery 2 as shown in FIG. 19B.

FIGS. 20, 20A and 20B depict the use of the device for transmyocardial
revascularization in accordance with an embodiment of the present invention.
FIG. 20 shows how the TVIS guide catheter 5 can be placed within the ventricle |

15 2001 of the heart. The TVIS probe 27 is shown here creating an elongate channel
2003 through the heart muscle 2000. This chaﬁnel may result in a direct
communication between the ventricle and the small capillary vascular bed
within the heart muscle 2000. FIG. 20A depicts how the alternative TVIS guide
catheter 146 of FIG. 19A may be used to create these ello'ngate channels 2003 -

20 within the heart. The TVIS guide catheter 146 is further modified in this case
with a balloon tip 2002 for the purpose of covering the channel 2003 during
vaporization; the balloon 2002 may be additionally assisted in assuring seating
against the ventricle wall 2004 by providing a suction through the catheter 146 to
an opening at the distal end of balloon 2002. Finally, FIG. 20B depicts TVIS

25 guide catheter 5 creating several channels 2003 transvascularly, permitting blood
flow from the vessel directly into the heart.

FIG.'_24A depicts a side-to-side fistula stent 2400 in accordance with an
embodiment of the pfesent invention. The stent 2400 is fashioned like a clover
with the leaves at alternating heights. The two top leaves 2401 and 2403 and the

30 two bottom leaves 2402 and 2404 are placed such that they lie on either side of

the vessel edge as shown in FIG.24B. Intervening segments 2405 which are




connection between the two vessels, the cardiac vein 3 and coronary artery
2. 15 Once the TVIS sheath 26 is placed, a nore floppy. guidew re can be
ptaced through it to permt the advancenent of additional

i nstrunentation in the case where another lunmen is to be entered.

Al ternati velwoenmssmui dewi re may be necessary if the i vcrhsbéidzed sSpace
Is being entered to performa different type of procedure. This
procedure nmay be used to create a bypass path fromcoronary 20 artery 2
around a coronary stenosis 201, into the cardiac vein 3 and in sone

cases, back into the coronary artery 2. - To prevent .coronary
bIood.fron1shunting directly back intd'Phe right —atriumthrough the
coronary sinus, i s necessary to block flow at one or nore points

within the car. h and it
25 is determ eds%hd?mgf tolﬁg @f."[‘ sstr}? fﬁ ccll@neg %@%éf}ggﬁhéenb%n%ﬁfﬂ" a&‘ﬁ'nﬁew ce,
such as an cremad)by mmn dbaictsodhemyxcesrﬂdpdoymdétbme citherek 2407@wet 1 t he
cardi ac vein

cnsur s that oo 24ees e UG 7, e oS SRS heried etider Tack a6
and results i mammo@wQthvd.r nwesenmmzd 2403fak@destanahd:moedpby4@r rows 35a
cat hotor 31 e @Bk dane FHTER 1408 = mEveibeRe® sherThbs. e Bbachani o
segment 32. Thais@l Qbverd 24D11aRd 2463 e t-ewusba the aeie BevitlhwamnteR Of
. | clovers 2401 and 2403 come in contact with inner surface of the distal vessel.
Then the catheter 2407 is moved further with respect to the sheath 2409 and the
| proximal clovers 2402 and 2404 are released onto the inner surface of the
10 pfoximal vessel as shown in FIG. 24 E.
FIG. 25 depicts more detail of the various types of devices which may be |
advanced through the TVIS catheter 146 in accordance with an embodiment of
the present invention. Here, a wire 2501 is shown haVing advanced overita
dilator 2502 and a sheath 2503 through the vessel wall 2504.
15 Alternatively, a separate sheath such as the one shown in FIG. 13 can be
advanced. FIGS. 26A and 26B show more detail on the components of such a
system. Initially, the TVIS catheter is used to place a locking guidewire 2602
into the tissue. The guidewire has a very small locking tie 2604 which serves to
. anchor it in the_ tissue during deyice exthange. Then, over the locking guidewire
20 2602 the TVIS port introducer assemby shown in FIG. 26A is advanced. The -
assembylincludes a dilator 2601 within a catheter 133. The catheter 133 is
provided with a stabilization means 134 illustrated here as a balloon. After the
catheter 133 is in place, and the stabilization means 134 is deployed, the dilator
2601 and the locking guidewire 2602 are removed. Depending on the situation,
25 housing 1301 may or may not be equippead with a valve to preverit'backﬂow into
the catheter 133. Subsequently, various instruments may be inserted into the
catheter 133 as described previously.
‘Another embodiment of the TVIS catheter in accordance with the present
invention can be seen as item 2704 in FIGS. 27A and 27B. Here the TVIS catheter
30 2704 is made with a pre-formed curve seen in FIG. 27A. When the catheter is

constrained as seen in FIG. 27B it can be held in a linear position. Guidewire
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devices and-naterials are avai'labl.e for the purpose of enbolization.

These include-detachabl e ball oons, coils, strands of coagul ati on produci ng

material, mcrofibrillar collagen, collagen sponge, cellul ose gel or sponge

such as W dpagm(TM, or special stents. FIG 3 shows hewrhResfsageVi ces
can be used to 5 re-arterialize the venous systemdistal to the

connection. However, as shown in FIG 12, it is possible to sinply
provi de a bypass path by perform ng the sane procedure in reverse in an
appropriate downstream | ocation. It should be mentioned that these
enbol i zati on devi ces may al so be used td7bl ock of f any unwant ed

tributaries branching off fromthe cardiac vein. FIGS. 4 and 9 are

2701 can be seen exiting the guidewire lumen 2709 when the catheter '2704 is held
linearly (FIG. 27B) and can exit the side hole 2702 when the catheter is allowed to
. regain its preformed shape (FIG. 27A). A TVIS probe 2703 is shown entering '
another channel and exiting the device at the tip in either position. The catheter
5 2704 can be used in the manner of other catheters discussed previously but has
the benefit of being able to cause the tip to be curved in a desired direction.

A further embodiment of a TVIS catheter 2800 in accordance with the
present invention is shown in FIG. 28. Here the two openings in the vessels are
made with a vaporizing energy Beam 2805 instead of a probe. This method

10 utilizes an energy guide 2801, which beams energy at a deflecting plate 2802,

‘which in tum sends the energy laterally into the tissue. The duration and énergy
level must be finely set to ensure that the opposite wall of vesse] 2 is not
darnaged Also shown in the diagram is the optional guidewire 2804, which may
be used to block or signal the penetration of the laser energy.

15 FIG. 29 depicts another mechanism for widening or cutting the hole in
accordance with an embodiment of the present invention. Here the device is
advanced thmugh the tissue channel over guidewire 2903, the cumng wings 2901
are expanded by moving sheath 2904 relative to central body 2902. The wings
2901 may be sharp, or the use of additional energy may be used to widen the

20 hole as the device with withdrawn through the tissue channel.

FIGS. 16 and 21 are intentionally omitted.




10 described ldter in this docunent. FIGS. 10A-10B-and 11A-11B

depict two additional schenes of - enholizati on devices in accordance
weth the invention which also may have ﬂ%lz,i ty to acconplish the

desired closure. jl““iﬂmjmg!““ conpressed col | agen sponge
101 | ocat ed Withi n 15 out ' abl e of being delivered over
gui dewire 5%%%7fhe guidevire 51 i s advanced into veRIIVSIER s to
be enbolized, outer sheath 102 is withdrawn over inner core 103 to
permt collagen sponge 101 to expand into the vessel as seen in FIG
10B. Once conpletely delivered, the guidewre 51 and t he cat heter
assenbly 102 and 103 are w t hdrawn, '

coll apsed  uPeims:tself at side 113 to forma one-way Ve

| ongi tudi nal section G B_this allaows flowin the irect.i.on of
arrow 114 and the aé\fﬁ%‘é%tef%‘fghﬂg rev%#&é@‘ﬂ‘}?fﬂﬁl\/’%ﬁ?ﬁigm B PRTE:
prevents flow in thg Eﬁrﬁﬁ%éﬁﬁteﬁeﬂﬁgmdelﬁgﬁ&i&ﬂeho%dﬁeaﬁe’ﬁtﬂﬂw ng

devices fromentering . fromthat direcgtion he o e-wg}/_v | ve, ~.stent 112
can be easily place® BFEENg2 secopd pRenINg inythe disegsed;arte 2fatoR and

expanded to ki tprb,anggsgbttj\@ﬁrst g;Aadi nternal delivery catheters are
renmoved, menbrane 111 is allowed to collapse, instantly creating a
val ue-1ike action. © providinga ppssage m@weﬁwsa@w@m?%ﬁmdm&%n
deyi ce may not a?,gmg\ gessary, as 30 shown in FIG 4. A stent 41 is placed
t%ough ti ssue track 36 such that coronary

2. A method for effecting revascularization of a diseased artery in the heart
10 comprising: '
a) forming a first 6pening in a blood vessel at a point within the
circulatory system of the heart; _
b) forming a second opening in a blood vessel at another position within
the circulatory system of the heart; and
15 c) providing for the passage of blood between the first and second

openings.

3. A device for effecting tissues beyond thé lumen of a blood vessel
(] ' comprising: |

20 a) a catheter with proximal and distal ends, the distal end being adapted
to pass into the vascular system to a desired surgical location, and the proximal
end being adapted to remain outside of the body to allow for control by an
operator; |

b) orientation means provided on the distal portion of the catheter for

25 allowing the operator to determine the‘axial rotational position of the catheter

within the lumen; and ' |
| ' ¢) penetrating access means, provided on the distal portion of the

catheter, for creating an opening and extending into the space beyond the lumen.

30 4. A device for routing blood from one blood vessel segment, through a

tissue channel to second blood vesse! segment comprising:

This Sheet Has Been Rerlaced
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portion 4la and venous portion 41lb are p05|t|oned as shown. Stent 41 may. be
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- covered by a material, a dense rresh or i x of cells, :such that

coronary flow
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34 cannot ﬁmwﬂu,lﬂ) ugh the side wall of stent 41
" towards stenosis 201, but Mrout ed through stent 41 into

~cardiac vei n WP #WI¥Foduce retrograde ™ s cardiac venous fl oRCTHISS/268
. figure,

the position of the stent suggests that the

10

20
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' a) a tubular member having a proximal portion, a midsection portion and
a distal portion; '
b) the proximal portion capable of assuming the diameter of the first
vessel; |
c) the midsection portion capable of assuming the diameter of the tissue
channel; and ' | | |
d} the distal portion capable of assuming the diameter of the second

blood vessel. _ .
5. A method of dilating a tissue channel formed between two blood vessels
comprising:

a) passing a guidewire through the tissue channel; _

b) advancing a balloon with proximal and distal portions over the
guidewire;

¢) locating the balloon so that the proximal and distal portions extend into
the lumens of both blood vessels; and

d) inflating of the balloon.

6. A device for creating a widened space from a first blood vessel segment,
through a tissue channel, into a'second blood vessel segment comprising:

a) a catheter with a proximal end and a distal end for insertion into the
vascular system; and

b) an energy guide whose exit is located at the distal end of the catheter

and is capable of delivering energy into tissue to form a tissue channel from a

pornon of the vascular system. -

7. A device to permit the attachment of a first openling in a first blood vessel
to a second opening in a second blood vessel comprising:
a) a first shaft with a proximal end and distal end;

b) a first expandable portion located on the first shaft, capable of being

expanded within the first blood vessel; ‘ ~

c) a second shaft with a proximal and distal end; nheet Has Been Replaced
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5 TVI S gui de catheter had been placed within the coronary artery 2, and the
iti ssue track 36 was C_r_ea_t_ed inthe arterial to venous direction.-This

iwou+ d allow for the itioning of a guidewire and subsequently
‘the stent to allow for the Tﬂi’i ﬁE l ﬁl oriented in the arterial to
venous direct xjler wg,,shoul d is al so pogsible for a
simlar stent to 6 | aced downstream (| n a location, for 10P€I’éﬁfﬂ’l§ 68

correspondi ng-to regl on 1203 in FIG 12 accessed through vein 3) from
the venous to arterial direction to permt a conplete bypass of the

stenosis 201 in the coronary artery 2. Sy T the
capability of being di mensi oned suc?-t hgt proh 41a and
di stal portion 41b may be expanded into . close

approxi mates the respective wall of the vessel into which it 15 is placed.
Al ternatively, as sn&msqcnnﬁﬁgaanéahlawm@ogttéﬁﬁemméshﬁycatyebploébwgsuch

that proximal petdineRddhfan Bletbnilvbksdpor tion 410b do not bl ock flow but
si mply act to maintain the dinmensions of tissue track 36.

FIG 5 shows how t i B umeansfokbriging heywo dkpanded poyticns sowarda eschoathemton 52
advanced over Earttise track 36
Is 20 w de enoug eg%\(,)m%ecel vé&{%@%wg&g?ﬁé?ﬁ& ujéé}s?ég%thb‘g E%%eé‘ssary
to properly 5 theifirsharidosecornbblpod vessels.r ack 36 prior to insertion of other
devi ces such as the stent 41 seen in FIG 4, or stent 410 seen in FIG
4a. A stent may not be necessary to maintain the size of tissue
tr 36 if a.enougldevﬁaéﬁrripadwidimgakmewymwzh\oithmtﬂ\&t&dcdﬁﬂpmgg coronary
sh 0\Mr1yb§i ﬁgd ag\? aﬁ%%ac t\e/r?tlvr)xtlg’ a tubular sgape and a” ogfnka%%lt\cliggd%%ristﬁtend a6:§d 's

b) a membrane provided within the stent capable of collapsing upon itself

L

10 at the distal end of the stent while remaining the diameter of the stent at the

proximal end.

9. A port for the purpose of providing transvascular interstitial access
comprising:
15 a) a catheter with a proximal end and a distal end and at least one lumen;

b) the proximal portion of the catheter and having a housing to permit the
introduction of various instruments into the catheter; and
c) the distal portion of the catheter adapted to be introduced through a
@ blood vessel, through an opening in the wall of the blood vessel and into the

20 mterstmal space beyond the lumen of the blood vessel.

10. A device for enlarging-a channel between a first opening in a first blood

vessel and a second opening in a second blood vessel comprising:

25 "a) a first and second shafts with proximal and distal portions;
b) acylindrical blade located on the first shaft fof cutting out a segment of
tissue; :
c) a receptacle for the cylindrical blade located on the second shaft; and
d) a means for bringing the cylindrical blade into contact with the

30 - receptacle.
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over guidewire 51 Her e, energy 61 |s.deI|vered to the tissue track 36

t hr ough : on catheter 63 to create

-a properly drnensroned connectron bet ween artery and vein. Those -
skilled in the art wll recogni ze that this vaporization catheter 63

may al so be used to deliver thermal, 30 cutting, welding or coagulative

energy via several means including but not WO 97/13471

PCT/ US96/ 1696713471 &%Tms961'16268
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li'mted to | aser, bipolar -or nmonopol ar radi of requency (RF), nicrowave,
uld{rasound, hot-wire, or radiation. Stents such as those shown
in FIG4 and 4a nmay be necessary to control di mensions of the tissue
track 36 from expandi ng under. pressure, or closing.-as a 5 result of
restenosis. Another nethod of maintaining the dinensions of tissue

track 36 per manemshm or tenporarily during the healing and PeTm$es/icaés
process’ is showmn in FIG 7. Here a polyner stent 71 is shown covering
the walls of tissue track 36. Sucfzaspolyrrer stent 71 may be pl aced
either by insertion and dilation ngng a ball oon catheter, or may
created in-situ using various nmethods known in 10 the art and practiced by
a conpany by the name of FOCAL (TM |ocated in Massachusetts. Such a
polymer stent 71 may permt the tenporary protection fromthe effects
of restenosis or pseudoaneurysm formation, and may di ssol ve after a
period of time to reduce the likelihood of any long-lasting tissue reaction
effects. 15 It may be possible that the creation of a tissue track
is undesirable, due to the high likelihood that problens such as
restenosi s or pseudoaneurysm conpli cate the procedure. This probl em may
as those shown in FIGS. 8, 9, 9a, 9D,
a-Wel ding catheter systemis used
2¢i3st al wel di ng

9c, 22, 22a aray
whi ch consi sts of

- FIGURE 2



2, guidewire 51 is inserted Distal welding catheter 86 is then advanced -

. over - gui dewi re 51 and distal approxi mation ball.oon 89 is inflated.
“ Subsequent |y, proxi mal welding catheter 81 nay be advanced over the
di stal welding catheter 25 86. At that. point, proximl approximtion
bal |l oon 82 may be inflated, and the two balloons may be pulled into
_position, oppd¥PA¥1MAL edges of the opening in t he cor onRGI/B96A6268 D
~and cardi ac vein 3. The approximation ball oons and wel di ng cat heters
' may be equi pped with one or nore of th8/28 | ow ng conponents: intraweld

el ectrodes 83, contral ateral welding surfaces 87 and 88, 30 return

el ectrodes 85 and 84 and a thernocouple 801. In this configuration,

- bi polar RF energy may be used to weld the two vessel openings together
. W t hout WO 97/ 13471

' PCT/ US96/ 16268
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L4

11- the need for additionabnechanicalattachnent. devi ces_Ener.gy

w Il be delivered ei ther between the contral at eral. wel di ng surfaces 87
and 88 or between the intrawel d el ectrodes 83 and the return
el ectrodes 85 and 84. In either case, the tenperature of the | ocal

tissue in and around the approximated two openings is 5 eley dto_a
desired t enp¥PH U neasured by thernocoupl e 801. This P?@hg’éf‘é?‘are i's
mai ntai ned for a certain anmount of time during which tine the ti ssue
is fused. After fusion, the power is4¥@8ned off, the balloons are deflated,
and the apparatus is renoved, |eaving the two openings fused around their
perineter. 10 In FIG 9 a nechanical stapling nmethod is described to
attach the two vascul ar openings. Stapling catheter 91 has outer
sheat h 96, optional heating coils 94 and 97, staples 95, and

m cromachi ne staple holders 93. Stapling catheter 91 i s advanced

t hrough tissue track 36 until the device is well into the coronary

artery 2. The outer dianeter of the outer sheath 96 is sized to slightly
dilate the 15 tissue track 36 between the two vessels. Quter sheath 96 is
pul | ed back until the

o> o2 1ol
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full upper halves of staples 95 are exposed. This point of pull back is’
comtrTotTed at the proximal end of .the catheter. The staples 95 are
conposed of either a spring-like material such as stainless steel, or
super elastic alloy such that they spring into a curved position as
seen in FIG 9a. This effect may al so be 20 acconplished usi.ng shape nenory
mat eri al s sugip #paghit i nol and addi ng heat t hrough coi | BEZTNUSY16268

stapl es’ 95 upper hal ves have achi eved thei.r curved state, t he stapling
cat heter 91 can be wi thdrawn, as shogggg$ FIG 9B, allow ng the tips of
the staples 95 to seat into the circ ence of the opening in the
coronary artery 2. Now the outer sheath 96 can be fully w thdrawn (as
shown in FIG 9B), 25 pernmitting the |lower halves of the staples 95 to seat
into the inner aspect of the ci rcunference around the opening of the
cardirac vein. Again this effect can be created either passively upon
rel ease of the sheath, or actively using heat from heating coil 94.
Wil e the passive approach is nore sinplified, the active approach
allows for the reversal of the device using an injection of cold saline. 30
This may be desirable in cases where the seating of the staples 95 was not
acconplished correctly. FlnaIIy once the staples' placenent is assured,

t hey may . 16
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rel eased by the m cronmachi ne staple holders 93 resulting in the
configuration shown in FIG 9C,  wherein staples 95 cause the tissue 36
to be maint %?95}1#?1 an open condition. Those skilled il‘b’flﬁﬁsﬁ%ﬁn""i |1
recogni ze that other than utilizing m cromachi nes, there nay be
several nethods of staple rel ease, iéﬁégding 5 thermal material nethods
such as solder nelting, thermal degr ion of a retaining polyner or
bi omaterial, as well as mechanical nethods such as the renoval of a
retaining wire, balloon expansion of a weak retaining nmaterial, or an
unl ocking notion of the stapling catheter 91 with respect to the staples 95
t hat could only be acconplished after the staples have been fixed in
pl ace. 10 FIG 22 shows anot her enbodi ment for hol ding together the

two openi ngs




i nboth vessels—This enbodinentutilized a distal guide catheter 2205
whi ch is- inserted over a guide wire 2206. An upper clip 2204 is held
to*the distal guide catheter 2205 by a coll apsible retaining. unit 2207
| ocat ed near the upper dip 2204. This assenbly is advanced through
tissue track 36 until it is conpletely 15 through. In this case, the

col I apsibl e MRIVMAY unit 2207 helps to dilate the tissue PCT/USP§/IR8 36
since the upper clip 2204 is dinensioned to be slightly larger than the

di aneter of tissue track 36. A proxi ngf2%ui de catheter 2201 with a | ower

clip 2202 at its tip are advanced over the distal guide catheter 2201
towards tissue track 36. The two clips 2204 and 2202 are then pulled
toward each other until 20 tines 2208 of upper clip 2204 penetrate and | ock
into the receiving holes 2209 | ocated in the lower clip 2202. Upon
successful 1 ocking, the coll apsible retaining unit 2207 i s coll apsed
and both proximl and distal catheters are w thdrawn | eaving the clips
behind as seen in FIG 22a. The collapsible retaining unit may, for
exanpl e, be a balloon, struts conposed of shape nenory material, or wire 25
pins controlled at the proximl end of the catheter. A further
wel di ng device in accordance with an enbodi nent of the pr esent

invention is detailed in FIG 23. Here a very simlar schene to that
found in FIG 8 is enployed with the exception that energy is released from

a central emtter core 2301 into the opposed opeg@gﬂf of vessels 2 and
3.@n this 30 case, after the two openings are opposed, ~by ball oons 89 and
8IWa central emtter core is advanced intoshe,ggnter of the catheter

assenbly 81 and 86 to a position

® " FIGURE Hc;'
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di-rrectly at the mdpoint of tissue track 36. -Energy is emtted by this

central -emtter core to produce enough tenperature in the |ocal
ti ssues surroundi ng the device to permt fusion. This ener ¥ g t he
emtter may WRI¥I4The formof a 360 degree laterally f"lchﬁé ’I’%g ro-
fi ber, mcrowave or other el ectromagnetic antennae,
8/25
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emtter. *  Thernocouple 801 nay al so be hel pful to define and control
t he” wel di ng process. : FIG 12 depicts the final result after the
coronary bypass procedure is conpl ete. Normal coronary flow 34 is
bypassed aro osis 201 through tissue track 1202 j | ac
vein 3 and bac y?%?g coronary artery 2 through 10 tissue tré?ﬁ%%ﬁggéahere a
generic enbolization device 1201 is shown bl ocking the upstream and
- downstream cardi ac vein 3 in additi oP42Pa tributary vein 1204. In t he
case where sinply cardiac venous arterialization is desired, only the
proxi mal enbolization and attachnment woul d be required. FIG 13

depicts a generalized TVIS access port 1301. The TVIS port has a 15 housing
130- and an entry port 138 which-permts the introduction of various
instrunents. The entry port 138 may al so have the ability to maintain
pressure or henbstasis within the catheter alone or when instrunents
are inserted through it. Cat heter 133 has a proximal portion which
forms the housing 130 and a di stal portion which fornms the tip 1302.
The TVIS access port 1301 may al so be 20 provided with an i nageabl e marker
139 and a stabilizing balloon 134 | ocated at its distal portion. After
the TVIS guide catheter 5 shown in FIG 5 obtains interstitial access
and | eaves behind a guidewire, the distal tip of the TVIS access port
1301 is placed percutaneously ovejgjt he gui dewire_and advanced to the
i;’rstitial | ocation 138. Upon ientifization 6¢ tpe marker 139 outside

t vessel 25 132, the balloon £34 is i,nflated. Thpse skilled in the art
shoul d recogni ze that '
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stéhiIi7nfinnJmauuL4u_Lhe_LLp_nay—aLsg—LnaLude-LeekLng wiries, expandabl e

cages, and expandabl e stent-like franes. Once the TVIS access port..is
fixed in | ocation, nuner ous ot her devices may be inserted for effecting
a nedi cal or -therapeutic - intervention. These include endoscopes 135,
surgical tools 136 such as needles, 30 cannula, catheter scissors
graspers, or WP8EWHevi ces, and energy delivery devi ceFCTEBWIEAE o5

| aser fibers, bipolar and nonopolar RF wires, nicrowave WO 97/ 13471

PCT/ US96/ 16268 10/25 - 14-




~p livery deviTes. Once
one or nore TVIS access ports 1301 are placed, various surgical -
pr ocedur es nay be conduct ed conpl etely through the vascul ar systemon
~tissues in the periphery. FIG 14 shows anot her enbodi ment of a
TVI S gui de %Q@éﬁ 146 in 5 accordance wth the present iprarIsv6/06268 Her e
the TVI S gui leter 146 is shown havi ng an actively defl ectable
distal tip 145. In this case, the daat tip 145 is deflected by a
shape nmenory material 142 enbedded i distal tip 145 of t he devi ce.
When this material is heated by heating coil 147, the material rapidly
bends into a desired configuration. A working channel 143 is provided for
the 10 advancenent of the desired TVIS device. Here a needle 141 is shown

infusing a drug 140 into the perivascul ar tissue. As di.scussed
previously, the TVIS guide catheter 146 may al so include a balloon 144
for stabilization within the vessel, and a passive i magi ng marker 148.

FIG 15 depicts the sane TVIS catheter 146 with the additional conponent 15
of an active imaging device 23 as described previously. Also in FIG 16,

the TVIS probe 27 and TVI S sheath 26 are shown exiting the working
channel 143 at the distal tip 145. Further, a flush channel 150 is al so
shown. FIG 17 depicts another met hod of creating an accurately
sized tissue track 36 | gg gsce @6 h an engpdi nent of the present

i nvention. A retrograde 20 e CNtter \catheter -ssenbly 173 i s advanced
o!!r guidewire 51 through ti .ue ‘rack 36 The Aetrograde tissue cutter
aS®e
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attached to a dilating tip 170 The tip 170 is advanced through the tissue
“track 36 until the. blade 171 is beyond the opening-within artery 2.

. Onge that position is found, a rnuch | arger - -base catheter 172 is

. advanced agai nst the proxi nmal opening 25 wthin vein 3. The blade 171 and
“tip 170 are then pulled back agai nst the edges of tissue track 36, .
"capturing ti sWOS7aB4Thin the cylindrical blade 171 as it is pPeEys/16268
agai nst the base catheter 172. After the assenbly 173 is renoved, the

resul ting tissue track 36 is the gprenof the outer diameter of the
cylindrical blade 171. FIG 18 depicts a TVIS guide catheter 182
in accordance with an 30 enbodi nent of the present invention where a distal
bal | oon 181 and a proxi mal bal | oon 180 isolate a section of the artery
which is to be penetrated. This may be _ WO 97/ 13471

PCT/ US96/ 16268
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15 useful—when using-the—S.guide-catheter 182 in.a.high pressure

vessel . such as an artery. Such a catheter 182 may be used in a manner
generally simlar to the catheter 5in FIG - 2. Anot her .
alternative nethod in accordance with an enbodi nent of the 5 present
invention for bypassing a section of a vessel is depicted in FIGS. 19A and
19B. FIG 1%084p4¢ts a TVIS guide catheter 146, such as dPSIYBEHAH F| GS.

14 and 15, but here having a distal tip 145 with an actively controlled
shape menory material 142. Here1@/@8VIS guide catheter 146 itself is
shown tunneling t hrough surrounding tissue utilizing probe 27 and
sheath 26 to guide the way. 10 Utimately, the catheter 146 creates a
tunnel 190 which can be used to allow flow from one point to another
point in artery 2 as shown in FIG 19B. : FI GS. 20, 20A and 20B
depict the use of the device for transnyocardi al revascul ari zation in
accordance with an enbodi nent of the present invention. FIG 20 shows

how the TVI S guide catheter 5 can be placed within the ventricle 15 2001 of
the heart. The TVIS probe 27 is shown herg greatige®n el ongate channel
2003 through the heart nuscle 2000. ,TI;ias thannel result ijype direct

FiGURE 22
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C orARHA-6at-eR—Betr \ et-e—a : aptH ary vaseuh-ar—bed: -
within the heart-nuscle 2000. FIG 20A depicts how the alternative TVIS
gui de catheter 146 of FIG 19A nay be used to create these el ongate
channel s 2003 20 within the heart. The TVIS gui de catheter 146 is further

nodified in i e with a balloon tip 2002 for the p dW%%%
covering theggkgﬁﬁgﬁ 2003 during vapori zation; the ballggn Bgéﬁ%y be

additionally assisted in assuring seatin agai nst the ventricle wall
2004 by providing a suction through §4d2&mt heter 146 to an openi ng at
the distal end of balloon 2002. Finally, FIG 20B depicts TVIS 25 guide
catheter 5 creating several channels 2003 transvascularly, permtting bl ood

flow fromthe vessel directly into the heart. FI G 24A depicts a
side-to-side fistula stent 2400 in accordance with an enbodi nent of the
present invention. The stent 2400 is fashioned |like a clover with the

| eaves at alternating heights. The two top | eaves 2401 and 2403 and the 30
two. bottom | eaves 2402 and 2404 are placed such that they lie on either

si de of the vessel edge as shown in FIG 24B. Intervening segnents 2405
whi ch are '

- FiuRe 23
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perpendi cul ar to the planes of the clovers 2401 - 2404 lie within the
channel created by the TVIS devices. The device is deployed froma

cat heter 2407 over a gui dewi re 2408 as shown in FIG 24C. The stent is
wr apped ar ounwipawasmner sheat h 2409 such that clover | eacrrsedaéeesind

2403 are distal and 2402 and 2404 5 are proximal. As the catheter 2407 is
nmoved rel ative to sheath 2409, the twal di stal clovers 2401 and 2403 are
rel eased, the device is wthdrawn unti ZF%e cl overs 2401 and 2403 cone
in contact with inner surface of the distal vessel. Then t he cat heter
2407 is noved further with respect to the sheath 2409 and the pr oxi mal
clovers 2402 and 2404 are rel eased onto the inner surface of the 10
proXi mal vessel as shown in FIG 24 E. ' FIG 25 depicts nore
detail of the various types of devices which may be advanced t hrough
the TVIS catheter 146 in accordance with an enbodi nent of

. | 2y Z?Dl j203
ﬁ 2
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t he—present—tAverti-eh—Here—a—Wt-e=reil—-s—showa—havi-ng advanced-over it a
dil ator 2502 and a sheath 2503 through the vessel wall 2504. 15
Alternatively, a separate sheath such as the one shown in FIG 13 can be
advanced. FIGS. 26A and 26B show nore detail on the conponents of such a
system Initially, the TVIS catheter is used to place a | ocking guidewre
2602 i nt Y@PAEIHMTSsue. The guidewire has a very small IO&GT?EPS'F’F@"Q604
whi ch serves to anchor it in the tissue during device exchange. Then,
over the | ocking guidewire 20 2602 tN®6/RBS port introducer assenby shown
in FIG 26A is advanced.. The - assenby includes a dilator 2601 within a
catheter 133. The catheter 133 is provided with a stabilization neans
134 illustrated here as a balloon. After the catheter 133 is in place,
and. the stabilization nmeans 134 is deployed, the dilator’ 2601 and the
| ocki ng gui dewire 2602 are renoved. Depending on the situation, 25 housing
1301 may or may not be equipped with a valve to prevent backflow into

the catheter 133. Subsequently, various instrunents may be inserted into

t he catheter 133 as descri e pgeviously. Anot her enbodi nent
of the TVIS catheter in accord@nge W th ghe present i nvention can be
seen as item 2704 in FIGS. 27A anfd 2 efe tRe TVIS catheter 30 2704 is
made with a pre-formed curve g j », Wen the catheter is
constrained as seen in FIG 23 pet’™d in a |linear position.

Qui dewi re : '
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' 2701 can be seen exiting the guidew re |unen 2709 vvhen the catheter 2704 is
' held linearly (FIG 27B) and can exit the side hole 2702 when the
catheter is allowed to regain its prefornmed shape (FIG 27A). A TVIS
probe 2703 i syeheysazent eri ng anot her channel and exiti rgTrUs96/a6268 ce at
the tip in either position. The catheter
17/25




52704 can be used in the manner ofeother cathet-ers di scussedprevioushy
but has the benefit of being able.to cause the tip to be"curved in a
desired direction. A further enmbodinent of a TVIS catheter 2800
in accordance with the present invention is showm in FIG 28.- Here the
two openings in the vessels are made with a vapori zing energy beam
2805 i nst eadwoferasgrr obe. This nethod 10 utilizes an energy RER/HUEPEAESE

whi ch beans energy at a deflecting plate 2802, which in turn sends the’
energy laterally into the tissue. Theggpgati on and ener gy | evel nust be
finely set to ensure that the opposite wall of vessel 2 is not damaged.
Al so shown in the diagramis the optional guidew re 2804, which may be
used to block or signal the penetration of the | aser energy. 15 FI G
29 depicts another nechanismfor w dening or cutting the hole in

accordance with an enbodi nent of the present invention. Here the device is
advanced t hrough the tissue channel over guidewire 2903, the cutting w ngs

2901 are expanded by. novi ng sheath 2904 relative to central body 2902.
The wi ngs 2901 may be sharp, or the use of additional energy nmay be
used to wden the 20 hole as the device with wi thdrawn through the tissue
channel . _ FIGS. 16 and 21 are intentionally omtted.




— - : ELAME—t—A deviee—for—effeeti ng
ti ssues tocated beyond the |unmen of a bl dod vessel conprising: (a)
a*catheter with proxinal and distal ends, the distal end being adapted

WO 97/13471. PCT/US96/16268
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to pass into ¢t : _ -

proxi mal end being adapted to remain outside of the body to allow for
control by an operator; (b) orientation neans provided on the

di stal portion of the catheter for al l owi ng the operator to
determ ne at |east the axial rotational position of t he catheter
within the |womsemd (c) penetrating access neans PEFUSYERE8,t i ng
t hrough the bl ood vessel wall - and into a location that is beyond the
| umen of the bl ood vessel. 2. A d@f2bfor creating or enlarging a
channel that extends between a first bl ood vessel segnment and a second

bl ood vessel segnent, said device conprising: _ (a) a catheter with a
proxi mal -end and a distal end for insertion into the “vascul ar 3
system and (b) an energy gui de whose exit is |located at the distal
end of the catheter and .is capabl e of delivering energy to tissue to
form a channel between :

 FIGURE 19 R

FIGURE 198



said first hlood vessel to said secaond bl oad vessel

19 3. A one-way val ving device deployable within the [unmen of a vessel
conprising: - (a) a generally tubular stent having a proximl end and
a distal end;. and - (b) ‘a nenbrane positioned within the stent, one
end of said nenbrane bei ng coll apsible thereby allowing fluid to
flowin a fiwsterdssrecti on t hrough the stent but preveotriuses/ickés d
fromflowing in a second direction through

21/25
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-

the stent A4—NA-dev
between a first opening in a first blood vessel and a second opening in-.a

second bl ood vessel, said device conprising: (a) a first and second
shafts with proxi mal and distal portions; (b) a cylindrical blade
| ocated on the first shaft for cutting out a segnent of tissue;

(c) a recepwmax$m3ényr the cylindrical blade |ocated on the PETBINN/HRA6H t; and
(d) a nmeans for bringing the cylindrical blade into contact with the

recept acl e. 5. A device for enlargpfgs channel between a first opening
in a first blood vessel and a second opening in a second bl ood vessel, said
devi ce conpri sing:
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& I i - ; I it — : : he
vascul ar system and (b) a dilation rreans di.sposed on.said distal end
of* t he catheter and adapt ed to enlarge the channel between said first
and second bl ood vessel .

20 6. A device for facilitating the flow of blood from one bl ood vessel
segment, thrwog/17¢hannel, to second bl ood vessel segnent RS 6 P?fﬂ.

23/25
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(a) a tubular nenber having a proximal portion_a nidportion and-a—di-stal

portion, (b) the proxinal portion being adapted to assune di aneter
of , the first vessel ; (c) the mdportion capable of assum ng
t he di aneter .of the channel; and (d) the distal portion capable of
assum ng the dianmeter of the second bl ood vessel . 7. A device for

connecti ng a“jdgﬁlt_, Apening in a first. blood vessel to a sec®QWUSPEIR6Ey in a
second bl ood vessef, sai d device conprising:

24/25
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(a)_a first shaft with a proxinal end and distal-end: ) (by a first
. expandabl e portion located on the first shaft,;” capabl e of being :
~expanded within the first bl ood vessel; and, (c) ‘means for

. bringing the two expanded portions towards each other to Create
first and second openi ngs opposed to one anot her thereby

facilitati ngwWwodemdaet ween the first and second bl ood vessel 2CT/US96/16268

21 8. An access port for the purpose of providing transvascul ar
interstitial access, said access por 55:%” si ng:




(a) a catheter wwth a proximal end and a distal end and at |east one | unen;
*(b) ‘the proximal portion of the cat het er havi.ng a housing to pernit the

i ntroduction of various |nst911889 z 9 t het @ and (c) the
di stal portion of the cathet Bt r‘Bd?ed tW
bl ood vessel, through an opening in the wall of the blood “'mm

the interstitial space beyond the |unmen of the bl ood vesse ”' ”WE "

useabl e to bypass an obstruction within a first bl ood vessel' by use ®f sans

in situ segnent of a second bl ood vessel or an adjacent, previously placed
tubular graft as a bypass conduit, said system being characterized by the

conbi nati on of - (a) a tlssue penetrating catheter which is
positionable within one of said - first and second bl ood vessels, said
ti ssue penetrating catheter having al8 ti ssue penetrating. el enent
which is useable to forman initial penetration tract fromthe |unen
of the one of said first and second bl ood vessels to the | unen of

the other of said first and secon®IAIMS vessel s;

. 1. A device for effecting tissues located beyond the lumen of a blood vessel

comprising:

(a) a catheter with proximal and distal ends, the distal end being adapted
to pass into the vascular system to a desired treatment location, and the
proximal end being adapted to remain outside of the body to allow for

control by an operator;

(b) orientation means provided on the distal portion of the catheter for
allowing the operator to determine at least the axial rotational position of

the catheter within the lumen; and

(c) penetrating access means for penetrating through the blood vessel wall

and into a location that is beyond the lumen of the blood vessel.

2. A device for creating or enlarging a channel that extends between a first
blood vessel segment and a second blood vessel segment, said device

comprising:

(a) a catheter with a proximal end and a distal end for insertion into the

vascular system; and

(b) an energy guide whose exit is located at the distal end of the catheter
and is capable of delivering energy to tissue to form a channel between

said first blood vessel to said second blood vessel.
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(Db) at | east one penetration tract nodifying apparatus useable to nodify
the initial penetration tract to facilitate S“bm&%

t heret hrough, said at | east one passageway nodifyj par at us

sel ected fromthe group consisting of: um @ ’Mﬂﬂ' tration
tract enlarging apparatus; i ﬁ
apparatus for applying tissue-nodi fy| ng $ energy to
ti ssue adjacent the penetration traci, a chem cal

del i very apparatus for deI i veri ng a il ssue-

nodi fyi ng ,supst ance t ue acent the penetratlon tract;
iv. Y ag araPRE Mg va iﬁ‘m i’?yé?]@mlﬂ%fhﬁ H“‘Fﬁ@ fagessel ation tract:

compnsmg

(2) a generally tubular stent having a proxiinal end and a distal end; and-
(b) a membrane positioried within the stent, one end of said membrane
being collapsible thereby allowing fluid to flow in a first direction through -
the stent but preventing fluid from flowing in a éecond direction through
th.e stent. | |

4. ‘A device for enlarging a channel that has been formed between a first
opening in a first blood vessel and a second opemng in a second blood vessel,

said device compnsmg
(a) a first and second shafts with proximal and distal portions;

(b) a cylindrical blade located on the first shaft for cutting out a segment

of tissue;
(c) a receptacle for the cylindrical blade located dn the second shaft; and

(d) 2 means for bringing the cylindrical blade into contact with the _

receptacle.

5. A device for enlarging a channel between a first opening in a first blood

vessel and a second opening in a second blood vessel, said device comprising:

- (a) a catheter with a proximal end and a distal end for insertion into the
vascular system; and _ _ _ |
(b) a dilation means disposed on said distal end of the catheter and adapted

to enlarge the channel between said first and second blood vessel.
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22 : : v. apparatus for inplanting a connector wit h| n -
the penetrat lon tract; and,

Vi . any conbinations thereof = 10. The syst emof COaim9 wherein said
penetration tract enlarging apparatus is selected fromthe group consisting

of : a debul ki ng apparatus for debul ki ng rea
adj acent the initial penetration; and, M“ﬁﬂm"mmmm us for
dilating tissue adjacent the initial penetration t'ra€t.

20

6. A device for facilitating the flow of blood from one blood vessel segment,

through a channel, to second blood vessel segment comprising:

(2) a tubular member having a proximal portion, a midportion and a distal

portion;

(b) the proximal portion being adapted to assume diameter of the first

vessel;
(c) the midportion capable of assuming the diameter of the channel; and

- (d) the distal portion capable of assuming the diameter of the second blood

vessel. -
7. A device for connecting a first opening in a first blood vessel to a second
opening in a second blood vessel, said device comprising:

(a) a first shaft with a proximal end and distal end,

(b) a first expandable portion located on the first shaft, capable of being
expanded within the ﬁ;st bloo_d vessel; and,

" (c) means for bringing the two expanded portions towards each other to

create first and second openings opposed to one another thereby

facilitating flow between the first and second blood vessels. REPLACEMENT SHEET
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.11. The system of Cla|m9 or 10 further conprising:

a bl ocker

“appar at m l bl ood fromflowng in at | eagt—wone d.i rection '
throuth mmnmm, llﬁt and second bl ood vessel s sutFHIShSHERT RS ppepT] Pe
thereby Urged Yo" ! dw ¥n a desired direction through kaid REPEAC

tract. 12. The system of d a| m-9,2110 or 11 wherei n-rhe—we-t—e:ﬁuu_h.dr
rator to

etrating

f | | t
ot or m me Bar AP 855665 PG KR PI-BRs o F30Yit s oo Armi r&%@‘%ﬁ
cat heter %aqb&sgpgnlcyﬂpﬁsﬁé the bl ood vessel .

(a) a catheter with a proximal end and a distal end and at least one lumen;

(b) the proximal portion of the catheter and having a housing to permit the

introduction of various instruments into the catheter; and

(c) the distal portion of the cé.theter adapted to be introduced through a

blood vessel, through an opening in the wall of the blood vessel and into

the interstitial space beyond the lumen of the blood vessel.

9. A system useable to bypass an obstruction within a first blood

vessel by use of an in situ segment of a second blood vessel or an adjacent,

previously placed tubular graft as a bypass conduit, said system being

characterized by the combination of:

(a) a tissue penetrating catheter which is positionable within one of said

first and second blood vessels, said tissue penetrating catheter having a

tissue penetrating element which is useable to form an initial penetration

tract from the lumen of the one of said first and second blood vessels to .

the lumen of the other of said first arid second blood vessels;

(b) at least one penetration tract modifying apparatus useable to modify -

the initial penetration tract to facilitate subsequent blood flow

therethrough, said at least one passageway modifying apparatus being

- selected from the group consisting of:

i. a penetration tract enlarging apparatus;

ii. an energy-emitting apparatus for applying tissue-modifying

enefgy to tissue adjacent the pehetration tract;

iii.  a chemical delivery apparatus for delivering a tissue-

modifying substance to tissue adjacent the penetration tract;

iv. apparatus for implanting a stent within the penetration tract;

—————

Sheet Has Been Re(ilaced :
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23 13. A systemuseable to bypass an obstruction within a first bI ood
‘vesset—by—trse—of—aﬁ—n—ﬁﬁrtu segnent of a second bl ood vessel as a bypass o

condwt ng characterized by the conbination of:
(a) a tﬂH EJ Eﬂll ‘cat heter which is positionable within one of said

first a essel s, said tissue penetrating catheter having a

ti ssue penetrating el enent Wmch IS use%ble to f E etration
tract fromthe |umen of the one of said4first arld selsto
the lunen of the other of said first and second jbl ood an :

(b) a bl ocker apparatus for preventing blood fromflow ng'in at Ieast one
v. apparatus for implanting a connector within the

penetration tract; and,

vi.  any combinations thereof.

10. The system of Claim 7 wherein said penetration tract enlarging apparatus is

selected from the group consisting of:

a debulking apparatus for debulking tissue from an area adjacent the initial

penetration; and,

a dilating apparatus for dilating tissue adjacent the initial penetration tract.

11. The system of Claim 7 or 8 further comprising:

a blo_ckelf apparatus for preventing blood from flowing in at least one
direction through one of said first and second blood vessels such that blood will
be thereby urged to blood to flow in a desired direction through said penetration
tract.

12. The system of Claim 7, 8 or 9 wherein the system further
comprises:
orientation means for allowing the operator to determine at least the

~ rotational position of the tissue penetrating catheter within the lumen of the blood

vessel.

T




;direction'thfough one of said first and second bl ood vessels such that.
bl ood w I be d to flowin a desired direction through said

€
penetr atji The :system of C aim 13 further conprising: at .
| east Orulmmm:'”mm %\C,t nodi fyi ng apparatus useable to nodify the
initial pendtratian gr ‘to facilitate subsequent blood flow therethrough,

said at | east one passageway nodi fyia£ appar at us ' NPmt he
group consisting of: i. a penetration tract e 'IH‘H§i Fus, .

an energy-emtting apparatus for applying tissue-jnodi fﬁ ReA gy-flo tissue
adj acent the penetration tract; iii. a chem cal —delivery apparatus for :

del i veri n§3.a A systame usesbieftg bypass ab sbstruction withirss tiest hljod vessel bihesepenet r at i on
tract; iv, . apparatus f.or i ml.antjn stent withjn the penetration
tract: v, ofam 1&3@@1555'8?&1‘03? SF?P@BA’%E%‘GQ%?&%EMSBW “EthFﬂgf'%ée%enet ration
tract; anpeiny charactérized by thé Bethbialor ST eof -

(a) a tissue penetrating catheter which is positionable within one of said
first and second blood vessels, said tissue penetrating catheter having a
tissue penetrating element which is useable to form an initial penétration |
tract from the lumen of the one of said first and second blood vessels to

the lumen of the other of said first and second blood vessels; and,

(b) a blocker apparatus for preventing blood from flowing in at least one
direction through one of said first and second blood vessels'such that
blood will be thereby urged to flow in a desired direction through said

penetration tract.

14. The system of Claim 11 further comprising:

 at least one penetration tract modifying apparatus useable to modify the initial
penetration tract to facilitate subsequent blood flow therethrough, said at least one
passageway modifying apparatus being selected from the group c;insisting of
i. a penetration tract enlarging appératus;’
it. an energy-emitting apparatus for applying tissue-modifying energy to
tissue adjacent the penetration tract;
ifi. a chemical delivery apparatus for delivering a tissue-modifying substance
~ to tissue adjacent the penetration tract;
iv. apparatus for implanting a stent within the penetration tract;
V. apparatus for implanting a connector within the penetration tract; and,

Vi. any combinations thereof.
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24 15. The system of O aim 14 wherein said penetration tract enlarging
apparatus is selected fromthe group consisting of: a debul ki ng

appar at h.ﬂlllmulﬂ‘ﬂﬂl"m m"f i ssue froman area adjacent the initial
penetra a dilating apparatus for dilating tissue adJ acent

the initi‘al “pehettation tract. 16. The system of |
wherein the system further corrprl ses: ori entE %@Ag#m' | ow ng
[ L

the operator to deternmne at |east t 24 rotational
penetrating catheter within a |unen of the bl ood vessel

Dhe tidsue

15. The system of Claim 12 wherein said penetration tract enlarging apparatus is
~ selected from the group consisting of: |
a debulking apparatus for debulking ﬁssue from an area adjacent the initial
' penetration,; ahd, |

a dilating apparatus for dilating tissue"adjac_ent the initial penetration tract. '

16. The system of Claim 11,12 or 13 wherein the system further comprises:
 orientation means for'_allowing the operator to determine at least the
rotational position of the tissue penetfating catheter within a lumen of the blood

vessel.

 17. A bypass graft for bypassing an obstruction in an artery using an in situ
segment of an adjacent vein or an adjacent, previously placed tubular graft as'a
bypass conduit, said bypass graft being characterized by the combination of :
| i) at least one opening formed in an artery and at ieast one opening
formed in said adjacent vein, such that arterial blood will flow from said artery
into said adjacent vein; and, |
ii) at least one bloodfow adaptive member operative to modify the normal
course of blood flow within said adjacent vein such that arterial blood which
enters the adjacent vein will flow through the in situ segment of said adjacent vein

in a direction opposite the direction of normal venous flow. -

18. A bypass graft of Claim 13 wherein said at least one adaptive member

~ comiprises an embolization device selected from the group consisting of. a

detachable balloon device;

a cbllagen sponge devicé;

a metal coil device; and, : |1 09 JuL 999

a stent device having a blood flow blocking element. ;

REPLACEMENT SHEET
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'17. A bypass graft for bypaSS| ng an obstruction in an artery usi ng an in
situ sem‘zm—adj—aeent vein or ‘an adjacent, previously placed tubul ar
graft aj , said bypass graft bei ng characterized by the
combi na ’m mnmmm’iﬂﬁ at | east one opening formed in_an.ar and at
| east oné opfentngk in said adjacent vein, suc ‘FfﬂstSD-FEE‘TEI-IAS'J‘BEEﬂ
will flowfromsaid artery into said,adjacent vein; Jan EU 1)
: . , REPLACI
| east one bl oodf ow adaptive nenber operative to nodi . B

bl ood flow within said adjacent vein such that arterial blood which enters
the adj acent vein will flow through the in situ segnent of said adjacent

vein in alfi AckynashswBgdlleim iher wgr@talmrmdppmngﬁaare\f@mdsandm 18. The .
b t t
oobort sos b ealt ol AARebE OB B bdsidting B bR - BAE loB 48R g of

a detac halﬁhreugﬁhah@@égrdaﬁ lof @2in in a directiof OppEHite hoBMANGACGEHOW N the a

nmetal coil device; and a stent device having.a blood flow bl ocking
el enent . thereby retro-perfuse tissue through the venous vasculature.

. 20. A bypass graft of Claim 15 or 16 wherein said openings are formed, and said
at least one adaptive member is/are positioned, to cause arterial blood to flow
through said segment of vein in a direction opposite normal venous flow and to
subsequently flow from said segment of vein into said artery, downstream of said

obstruction, thereby perfusing tissue through the arterial vasculature.

21. Abypass graft of Claim 15, 16, 17 or 18 further comprising:
a’ connector apparatus, at least a portion of which is placed between
openings in said artery and said adjacent vein to facilitate blood flow

therebetween.

22. A connector apparatus deliverable through a delivery catheter to a position
between a first opening formed in a first vascular sfructure and second opening
formed in a second vascular structure, said connector apparatus comprising; |
" a connector segment having first and secoﬁd_ends; _

at least one projection on the first end of the connector segment;

at 1east one projection on the second end of the connector segment;

said connector apparatus being initially disposable in a compact
configuration within said catheter and subseqﬁently expellable from the catheter
and deployable to an operative configuration wherein said at least one projection
on the first end of the connector segment engages the first vascular structure
adjacent the first opening therein and the at least one projection on the second end
of the connector segment engages the second vascular structure adjacent the

second opening therein.
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25 19. The bypass graft of Claim17 or 18 wherein sai d openings are

formed, and said at |east one adaptlve menber—-s ositioned, to cause
arterial blood to flow through said segnent of n.in a I on opposite
normal venous flow and thereby retro-perfuse ’Hi”ﬂw]m e:venous
vascul ature. 20. The bypass graft of Caim 1 ﬂ m ai d openi ngs.
are fornmed, and said at |east one ad i ve nenber is/are posilioned, to
cause arterial blood to flow through id segnent ‘of vein in a direction-

opposi te nornael venous flow and to subsequently flow from sai d segnent of
vein into said artery, downstream of said obstruction, thereby perfusing
tissue t hr¥ughlhetronpecter apparausof Qlaim 22wherein said projections compnse

wire loops each of which has at least one radius of curvature.

24.  The connector apparatus of Claim 22 wherein said projections and said

connector segment are formed of a continuously wound wire.

25. - The connector apparatus of Claim 22 wherein slaid connector segment

forms a substantially cylindrical structure that, when said connector apparatus is
placed between said first and second openings, will facilitate a flow of blood
therebetween. |

'26. The connector apparatus of Claim 22 wherein said apparatus is configured so

as to draw said first and second vascular structures toward one another.

27. -The connector apparatus of Claim 23 wherein the at least one projection on
the first end of the connector segment comprises a first annular member and the at
least one projection on the second end of the connector segment comprises a

second annular member.

28. ' The connector apparatus of Claim 27 wherein said connector segment

comprises at least one tine.

29. The connector apparatus of Claim 28 wherein said at least one tine extends
from said first annular member and is connectable to said second annular member

when the second annular member is brought into engagement therewith.

30. The connector apparatus of Claim 22 wherein said connector segment is
" constructed such that when the connector apparatus is deployed in said operative

configuration, said connector apparatus maintains said first and second openings

in substantially fixed positions relative to each other.
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21. The bypass graft of Caim17, 18, 19 or 20 further conprisi ng": a
connector apparatus, at least a portion of which is placed between openings
in said artery and said adjacent vein to facilitate blood flow

t herebet ween. 22. A connector apparatus deliverery
catheter to a position between a first opening fornmed in a 11 scul ar
structure and second opening formed in a second-jmﬂﬂl , said
connect or apparatus conpri sing: : a connect or ‘yﬂu"mm’”mfh rst and
*t h _

second ends; at | east one projection on the ffrst ehd so e _
connector segnment; at | east one projection on the second end of the
connector segnent; : sai d conne@7or apparatus being initially

di sposabl e in a conpact configuration within said catheter and subsequently
expel l able fromthe catheter and depl oyable to an operative configuration

wh . . d . . . i r.st . t
_Segaglngr 3? gléggls sétliﬁgﬁifain?igi? egggicg‘lﬁia Ip@Qra’Elﬁ Jct?@rdfdgdtj% c1§i%929fsalh*a§P&9HfaeC or

: i ar - structure acent the frrst opening
t her ei n arbginghforaed |sebssantisHy of resilésnt inmatenial thatecompresses tnshidtompactconnect or

segment  engAgE kil whes Bbed GRAH L cthiiid BedthaSe et sl OPEN N

t herein. )
said operative configuration when expelled from the catheter.

32. A connection apparatus for coupling an opening formed in a first blood
vessel to an opening formed in a second blood vessel, each of said first and
second blood vessels having a lumen and a wall wherein the opening is formed,

said connectioﬁ apparatus comprising:

~ afirst vessel engaging portion configured to engage said first blood vessel
adjacer_lt the opening formed therein;
a second vessel engaging portion configured to engage said second blood
vessel adjacent the opening formed therein; |
wherein said first vessel engaging portion aﬁd said second vessel engaging
portion are connected to one another such that the openings formed in said first
blood vessel and said second blood vessel are maintained in substantial alignment

with each other.

'33. The connection apparatus of Claim 32 wherein the first vessel engaging
portion and the second vessel engaging portion are further connected to one
another such that the wall of the first blood vessel is held in juxtaposition contact

with the wall of the second blood vessel.
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26 23. The connector apparatus of . Caim22 wherein said projections |
conprise wire | oops each of which has at |east one radius of curvature.

24. The connect or apparatus of Caim 22 V\herwm and said
connector segment are formed of a continuously \ d wre

connector apparatus of Claim 22 wherein said CO%@W‘W r‘ms a
substantially cylindrical structure that, when s m aratus is
pl aced between said first and second openi ngs, will fabl |4 tate* fl ow of

bl ood t her ebet ween. _ 28

34. A connector apparatus comprising for connecting two anatomical vessels,
said connector apparatus comprising; _ _

at least one first vessel engaging fnember disposed in a first plane;

at least one second vessel engaging member disposed in a second plane;
and, . o
an intervening segment disposed in a plane substantially perpendicular to
said first and second planes and connecting said at least one first vessel engaging -

member to said at least one second vessel engaging member.

35. A connector apparatus of Claim 34 wherein said at least one first vessel

engaging member is an annular flange.

36. The connector apparatus of Claim 34 wherein said vessel engaging member

‘comprises wire loops which have at least one radius.of curvature.

37. The connector apparatus of Claim 34 wherein said vessel engaging member

and said intervening segment are formed of a continuously wound wire.

38. The connector apparatus of Claim 34 wherein said infervening segment
forms a substantially cylindrical structure between said at least one first vessel
engaging mémbef and said at least one second engaging member such.that when
said connector apparatus is placed between said first and second vascular

structures, said intervening segment will facilitate a flow of blood therebetween.
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26.  The connector apparatus of C aim 22 wherein said apparatus. is
‘configured so as to draw said first and second vascul ar structures toward

one another. 27. The connector apparatus of GW& | east
one projection on the first end of the connector segnent conpri a first
annul ar nenber and the at | east one projection ?Tyyl ”mﬂ" of. the
connector segnent conprises a second annul ar ne " ”WFMnnect or
apparatus of O aim 27 wherein said connector segnent cdnpMi sés at | east one
tine. 29. The connector apparatus 059(31 aim 28 wherein said at | east one
tine extends fromsaid first annul ar"henber and is connectable to said

second annul ar nenber when the second annul ar nenber is brought into
engagenent therewith. 30. The connector apparatus of Caim22 wherein said

connect or 3%edheronestarappaiatisof §laimad4 whereingaishanpamtysgs serfigired¥har at us i s
depl oyed jn. sal | V€. f i ' Eﬁqgl@ _ appar at us

mai nt ai nshsgtgi(ghsgis%?ﬁ%%ﬁ?g%ﬂja%ﬁ%@%%ﬁéﬂ St anfalﬁg E/ fi xed positions
relative to each other._ _




H

27 -ﬁrser-f—exparndrrrg"c—dnnector appar at us according to Claim22 said

appar at us antlal ly of eni t copgpresses
to said coamﬂmmrlmamnm n when pl aced 8 02 ﬁag g ?
thereafter resic i en expands to said operative co

expelled fromthe cat het er. 21

8. An access port for the purpose of providing transvascular mterstmal access,

said access port comprising;
(a) a catheter with a proximal end and a distal end and at least one lumen;

(b) the proximal portioh of the catheter having a housing to permit the

introduction of various instruments into the catheter; and

(6) the distal portion of the catheter adapted to be introduced through a
blood vessel, through an opening in the wall of the blood vessel and into

the interstitial space beyond the lumen of the blood vessel.

9. A system useable to bypass an obstruction within a first blood
vessel by use of an in situ segment of a second blood vessel or an adjacent,
previously placed tubular graft as a bypass conduit, said syﬁtem being
characterized by the combination of:

(a) atissue penetrating catheter which is positionable within one of said
first and second blood vessels, said tissue penetrating catheter having a
tissue penetrating element which is useable to form an initial penetration
tract from the lumen of the one of said first and second blood vessels to

the lumen of the other of said first and second blood vessels;

(b) at least one penétration tract modifying apparatus useable to modify
 the initial penetration tract to facilitate subsequent blood flow '
therethrough, said at least one passageway modifying apparatus being
selected from the group consisting of:
i a penetration tract enlarging apparatus;
ii. an energy-emitting apparatus for applying tlssue-modlfylng
energy to tissue adjacent the penetration tract;

iii. a chemical delivery apparatus for delivering a tissue-
modifying substance to tissue adjacent the penetration tract;
iv. apparatus for implanting a stent within the penetration tract;
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32 A connection apparatus for toupllng an openlng formed in a first bl ood
vessel to an opening formed in a second bl ood ve<<n| each of said flrst
and second bl ood vessels having a | unen and a erein the open ng S

formed, said connection apparatus conprising: lm‘u"ﬂg wiﬂlll jﬂt
engagi ng portion configured to engage said first ent the
openi ng forned therein; a second vessel engaging portlon conflgured
to engage sai d second bl ood vessel adjacent the opening forned therein;
wherein said first vessel engaging porti and said second vessel engagrng
portion are connected to one another such that the openings fornmed in said
first blood vessel and said second bl ood. vessel are maintained in :
substantial alignnment with each ot her. The connection_ apparat us of
Clai m 32 wherein the f|rsﬂ’vé@@@ﬂ“%n@ﬁgﬂmyq%ﬁg|%ﬂ°@ﬁ§“@ﬁe“@@ﬁbﬁbevesse
engagi ng portion are furt JREB §o one another such that the wall of
the first blood vessel is ef I'n Juitaﬁ03|t|on contact with the wall of

t he second bl ood vessel.

Vi any combmatlons thereof.

10. The system of Claim 9 wherein said penetration tract enlarging apparatus is
selected from the group consisting of’ | '

a debulking apparatus for debulking tissue from an area adjacent the initial

penetration; and,

a dilating apparatus for dilating tissue adjacent the initial penetration tract.

11. The system of Claim 9 or 10 further comprising:

“a blocker apparatus for preventing blood from flowing in at least one
direction through one of said first and second blood vessels such that blood will
be thereby urged to flow in a desired direction through said penetration tract.

12. The system of Claim 9, 10 or 11 wherein the system further comprises :
orientation means for allowing the operator to determine at least the

rotational position of the tissue penetrating catheter within the lumen of the blood

vessel.

REPLACEMENT SHEET

23 JUL 1999




28  34. A connector apparatus conprising for connecting two anatonical
vessel s, said connector apparatus conprising: at_l east one first
vessel engagi ng nmenber disposed in a first plane; at | east one :
second vessel engaging nenber disposed in a sec MIH l' ﬂ[' l

i nterveni ng segment disposed in a plane substank uﬂm u jWJI ar to sal d
first and second planes and connecting said at Ieast one"fifst* vessel

engagi ng nmenber to said at | east one @econd vessel engagi ng nenber.

13. A system useable to bypass an obstruction within a first blood vessel by use
of an in situ segment of a second blood vessel as a bypass conduit, said system

being characterized by the combination of:

l_ (a) a tissue penetrating catheter which is positionable within one of said
first and second blood vessels, said tissue penetrating catheter-'having a
tissue penetrating element which is useable to form an initial penetration
tract from the lumen of the one of said first and second blood vessels to

the lumen of the other of said first and second blood vessels; and,

(b) ablocker apparatus for preventing blood from flowing in at least one '_
direction through one of said first and second blood vessels such that
blood will be thereby urged to flow in a desired direction through said
penetration tract. |

14. The system of Claim 13 further comprising:

" at least one penetration tract modifying apparatus useable to modify the initial
‘penetration tract to facilitate subsequent blood flow therethrough, said at least one
passageway modifying apparatus being selected from the group consisting of:
i a penetration tract enlarging apparatu$
iL. an energy-emitting apparatus for applying tissue-modifying energy to
tissue adjacent the penetration tract; |
iii. a chemical delivery apparatus for delivering a tissue-modifying substance
to tissue adjacent the penetration tract;
iv. apparatus for implanting a stent within the penetration tract;
v.  apparatus for implanting a connector within the penetration tract; and,

Vi, any combinations thereof.
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35. A connector apparatus of dai m 34 wherein said at |east one f

vessel

| oops whi ch have at | east one radius. of curvatur

apparatus of C aim 34 wherein said vessel engagi ] corrprl ses wire
apparatus of C aim 34 wherein said vessel engagi Hl

engagi ng nenber is an annul ar fl ange. 36 The connect or

irst

IIIJJMIEIIIMF

I nterveni ng segnent are forned of a continuously wound w re.
connector apparatus of C ai m 34 wherefh said i nterveni ng segment

15. The system of Claim 14 wherein said penetration tract enlarging apparatus is
selected from the group consisting of: o
a debulking apparatus for debulking tissue from an area adjacent the initial

penetration; and,

a dilating apparatus for dil_ating-tissue adjacent the initial penetration tract.

16. The system of Claim 13,14 or 15 wherein the system further compﬁses:
orientation means for allowing the operator to determine at least the

rotational position of the tissue penetrating catheter within a lumen of the blood

- vessel.

17. A bypass graft for bypassing an obstruction in an artery using an in situ
segment of an adjacent vein or an adjacent, previously placed tubular graft as a
bypass conduit, said bypass graft being characterized by the combination of :

i) at least one opening formed in an artery and at least one opening
formed in said adjacent vein, such that arterial blood will flow from said artery
into said adjacent vein; and, |

ii) at least one bloodfow adaptive member operative to modify the normal
course of blood flow within said adjacent vein such that arterial blood which
enters the adjacent vein will flow through the in situ segment of said adjacent vein

in a direction opposite the direction of normal venous flow.

nect or

The

18. The bypass graft of Claim 17 wherein said at least one adaptive member

comprises an embolization device selected from the group consisting of:
a detachable balloon device; '
a collagen sponge device;

a metal coil device; and,

a stent device having a blood flow blocking element. REPLACEMENT SHEET |
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forms a substantially cylindrical structure between said at |east one first
véssel engagi ng nmenber and said at | east one second engagi ng member—such

t hat when said connector apparatus is placed bet second
vascul ar structures, said intervening segnent wl Weﬁm"ﬂ"lﬂtlmuﬂﬂnmgw of

bl ood t her ebet ween.

39. The connector apparatus of Claim 34 wherein said apparatus is

configured
one anot her.

so as to draw said first amdf second vascul ar structures tovvard

19. The bypass graft of Claim 17 or 18 wherein said openings are formed, and

said at least one adaptive member is/are positioned, to cause arterial blood to flow

‘through said segment of vein in a direction opposite normal venous flow and

thereby retro-perfuse tissue through the venous vasculature.

20. The bypass graft of Claim 17 or 18 wherein said openings are formed, and
said at least one adaptive member is/are positioned, to cause arterial blood to flow
through said segment of vein in a direction opposite normal venous flow and to
subsequently flow from said segment of vein into said artery, downstream of said
obstruction, thereby perfusing tissue fhrough the arterial vasculature.

21. The bypass graft of Claim 17, 18, 19 or 20 further comprising:

a connector apparatus, at least a portion of which is placed between
openings in said artery and said aﬁjacent vein to facilitate blood flow
therebetween.

22. A connector apparatus deliverable through a delivery catheter to a position
between a first opening formed in a first vascular structure and second opening
formed in a second vascular structure, said connector apparatus comprising;

a connector segment having first and second ends;

at least one pfojection on the first end of the connector segment;

at least one projection on the second end of the connector segment;

said connector apparatus being initially disposable in a compact
configuration within said catheter and subsequently expellable from the catheter
and deployable fo an operative configuration wherein said at least one projection
on the first end of the connector segment engages the first vascular structure
adjacent the first opening therein and the af least one projection on the second end
of the connector segment engages the second vascular structure adjacent the

second opening therein.
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