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i. Coronary Artery Disease -

Coronary artery disease continues to be one of the
leading causes of morbidity and mortality, throughout the
world. The typical etiology of coronary artery disease
is characterized by the build-up of atherosclerotic
plaque within the coronary arteries. Such deposits of
atherosclerotic plaque tend to fully or partially block
the flow of blood through the affected coronary arteries,
and if untreated can result in myocardial ischemia,
infarction and death.

For many years, the traditional surgical treatment
of coronary artery disease has been coronary artery
bypass surgery wherein the patient is generally
anesthetized, placed on cardiopulmonary bypass and the
patient’s heart is temporarily stopped. A thoracotomy
(e:tg., a median sternotomy) is performed and the
obstructed coronary blood vessels are exposed by surgical
dissection. One or more segments of the patient’s
saphenous vein or internal mammary artery is/are
harvested for use as bypass graft(s). The harvested
segment(s) of vein or artery is/are then anastomosed to
the obstructed coronary artery(ies) to form bypass
conduit(s) around the arterial obstruction(s). Such
traditional coronary artery bypass surgery is expensive,
extremely invasive, and is associated with significant
operative- and postoperative complications.

One alternative to traditional coronary artery
bypass surgery is balloon angioplasty. In balloon
angioplasty, a flexible guide catheter is percutaneously
inserted into a peripheral artery (e.g., the femoral
artery) and is transluminally advanced through the
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di seased or injured. - The typical surgical procedures used for bypassing
of obstructed, diseased or injured segnents of bl ood vessel require open

surgical exposure 25 of the artery, and the attac

a tubular graft (e.g., honograft, xenograft, allog 09 b?uiué &98

bi oprosthetic graft) to the affected artery such that one end of the graft

I s connected upstream of the obstructed, disea I ylyIH eqe

the 30 other end of the graft is conneeged toiéﬂﬁwdgmlmwr‘emvaﬁgs
thereof. In this manner, arterial blood is channel ed through the bypass
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5 balloon of the balloon catheter is inflated one or more

times to dilate the coronary artery in the region of the

obstructive lesion. These balloon angioplasty procedures

tend to be less expensive and less traumatic than

traditional coronary artery bypass surgery. However,

10 balloon angioplasty procedures of this type may be

associated with a significant incidence of restenosis at

the angioplasty site. The cause and mechanism of such

restenosis continues to be the subject of ongoing study.

However, such restenosis has generally been attributed to

15 either a) an increase in the mass of the artery wall

(e.g., neointima formation), b) a thickening of the

artery wall without substantial change in it’s mass

(e.g., vascular remodeling) and/or c) radial contraction

of the balloon-dilated artery wall upon healing of cracks

20 and f}ssures that have been created by the balloon
dilation process.

.  Another alternative to traditional coronary artery

bypass surgery 1is intraluminal removal (e.g.,

atherectomy) or ablation (e.g., ultrasound, laser) of the

25 obstructive matter within the coronary artery. These

intraluminal removal or ablation procedures are performed

by passing a catheter-mounted removal or ablation

apparatus through the vasculature to the site of the

coronary obstruction. The catheter-mounted removal or

30 ablation apparatus is then utilized to cut, shave,

sonicate, pulverize, or vaporize or otherwise ablate the

obstructive matter from the .lumen of the coronary artery.

These procedures must be performed with caution to avoid

perforation or damage to the artery wall, as such

35 perforation or damage can result in hemorrhage or

excessive scaring and subsequent reocclusion of the

artery lumen. Furthermére, these ablative procedures



is most typical for such arterial bypass procedures to be performed for the
treatment of either i) coronary artery 5 disease or ii) peripheral
vascul ar di sease affecting the lower extremties. i. Coronary Artery

. it : to b
of mor bi ity and mor tal iy, throughout the 20 vorl U TS t Bohed lbibiBay
of coronary artery disease is characterized by;b@@eg{}‘c@ﬁf@g&s"‘tz I‘&Qd 1996

at herosclerotic plaque within the coronasy art
atherosclerotic plaque tend to fully or partially block the flow of bl ood
t hrough the pdémpmme)rpm;dmd ttey idasanilin;atlfwcfd WHirGR AR EFRUl T T N

' ' th. E s, the traditional
Surorcal tr CEimaratE CURROTSEY CaBalidy TR R et ar s
bypass sur gethicihdas heenecpeatediby sthee foradti o oﬁalfeﬂﬂ.he:ttuzﬂdzes& aced on
car di opul NDNg{i SHGHES) AHH LR &?éé@%‘?fl heagl, bﬁvteg-”g gﬂ{ehgéobs‘é%?%t o

thoracotorry (e.g., a nedian sternoto IS per orrre
cor onar y2bl 66%9%&%}%9189 ECTQRAEY B %E’gbiﬁﬁss procedures require
that the patient be placed on cardiopulmonary bypass, and

that the patient’s heart be temporarily stopped. Others
of these thoracoscopic procedures purport to be useable
without placing the patient on cardiopulmonary bypass,

10 and without stopping the heart. However, those
thoracoscopic procedures which are purported to be
useable without cardiopulmonary bypass and heart stoppage
are relatively complex to perform and typically require
temporary clamping or ligating of the coronary artery

15 which is to be bypassed. Accordingly, even those
thoracoscopic procedures which may be useable without
cardiopulmonary bypass/heart stoppage are prone to unique
and significant risks and difficulties due to the
complexities of the procedure and the need for temporary

20 clamping or closing off the coronary artery(s) being
bypaésed. Thus, many of the drawbacks associated with
traditional coronary artery bypass surgery, as well as
some other potential drawbacks, may be associated with
these minimally invasive thoracoscopic procedures.

25 Another previously described procedure which does
not actually bypass coronary artery obstructions but
which nonetheless may be useable to improve blood flow to
ischemic regions of the myocardium, is a procedure known
as transmyocardial revascularization (TMR). In the TMR

30 procedure a tissue-penetrable probe, such as a laser
probe, 1is utilized to form numerous full-thickness
penetrations through the ischemic myocardial wall, and
int> the chamber of the left ventricle. Oxygenated blood
from the left ventricle then flows outwardly through such

35 penetration tracts, so as to perfuse the ischemic
myocardium. Examples of such transmyocardial
revascularization procedures are described in United
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Thereafter, ryrhadldidan cathewer vl wassednifbeuohidd®rnally stented
5 transmyocardial passageway (e.g., an interstitial tunnel
formed in the muscular wall of the heart) from the left
ventricle of the heart to an obstructed coronary artery,
downstream of the obstruction. Such modified TMR
procedures are described in United States Patent Nos.

10 5,287,861 (Wilk), 5,409,019 (Wilk), and 5,429,114 (Wilk).

ii. Peripheral Vascular Disease

Peripheral vascular disease commonly results from
the build up of atherosclerotic plaque and/or thrombotic
matter within peripheral arteries. In many cases, when

15 arteries of the lower extremities have become obstructed
by peripheral vascular disease, a phenomenon known as
intermittent claudication Tresults. Intermittent
claudication is characterized by the occurrence of pain
and progressive weakness in the legs during exertion

20 (i.e., walking or running).

‘The typical surgical approach to the treatment of
ﬁeripheral vascular disease, especially in patients who
exhibit symptoms of intermittent claudication, 1is to
surgically expose the affected artery and to anastomose

és a tubular bypass graft (e.g., a tube formed of woven
polyester or expanded polytetrafluoroethylene (ePTFE)) to
the affected artery such that one end of the graft is
attached upstream of the obstruction, and the other end
of the graft is attached downstream of the obstruction.

30 In this manner, arterial blood will flow through the
tubular bypass graft and around the arterial obstruction,
thereby restoring blood flow to the portion of the artery
downstream of the obstruction.

One alternative to traditional arterial bypass graft

35 surgery for the treatment of peripheral vascular disease
of the lower extremities, is a procedure known as in situ
vein bypass. These in situ vein bypass procedures are

il the distal tip
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Inserting tamsinstuhersterintd the vein to lyse or disrupt
the venous valves located within the vein. Thereafter,
any side branches which extend from the vein are cut,
ligated or blocked by embolization. The prepared vein is
then transected at locations above and below the arterial
obstruction, and the transected ends of the vein are
placed in contact with, and sutured directly to, the
artery at sites upstream and downstream of the
obstruction. 1In this manner, arterial blood flow becomes
channeled through the prepared segment of vein, such that
the prepared segment of vein will act as bypass conduit
around the arterial obstruction. Examples of current in
situ vein bypass procedures are described in White, R.A.
and Fogarty, T.J., Peripheral Endovascular Interventions,
Pgs., 166-169, Mosby & Co. (1996).

iii. Trauma and Other Diseases Which May Impair

Flow Through Arteries
Various arteries of the body may become damaged by

trauma (e.g., lacerations, crushing injury, blunt
abdominal trauma) or may become invaded or compressed by
extra-vascular disease processes (e.g., proliferation and
ingrowth of an adjacent tumor). The typical surgical
approach to treatment of arteries affected by such trauma
or disease is to surgically expose and direct the
affected segment of artery, and to thereafter a) resect
and reconnect or b) bypass the affected segment of
artery, to restore arterial blood flow through or around
the affected segment of the artery. In many such cases,
the segment of artery affected by the injury or disease
may be so large as to preclude simple resection, removal
of the affected segment, and end-to-end anastomosis of
the adjacent cut ends of the artery. Accordingly, in

y
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25 obstructive matter within the coronary artery. These intral um nal
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perforation or damage to the artery wall, as such 35 perforation or danage
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5 bypass the affected segment of the artery.

Although a number of the above-described surgical
procedures represent relatively recent advancements
whereby the invasiveness and risk associated with
traditional surgical approaches have been mitigated,

10 there remains a need in the art for the development of
new, safe, and reliable minimally invasive and/or
transluminal procedures for bypassing segments of
arteries which have become obstructed, injured or
affected by disease.

15 B. Background Relating to Other Extravascular
Surgical/Interventional Procedures

Many types of surgical and interventinnal procedures
have previously been formed in organs, tissues or body
cavities of the body. Traditionally, access to such

20 organs, tissues or body cavities is attained through the
formétion of one or more open surgical incisions in the
body, whereby the affected organs, tissues or body
cavities are surgically exposed. '

. In recent years, substantial efforts have been

25 undertaken to develop "minimally invasive" surgical
techniques whereby one or more endoscopes are utilized to
view the affected organ, tissue or body cavity, and
wherein operative instruments or other devices are
inserted into the body to accomplish the desired surgical

30 or interventional procedure through relatively small,
"minimal access" (e.g., less than 3cm) incisions.

Although the advent of these endoscopic "minimal
access" surgical procedures may have advantageous over
traditional open surgical techniques insofar as they may

35 minimize the size of the surgical incision, and
accordingly, may lead to less post-operative discomfort,
such endoscopic procedures are often 1limited to
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One such mi thenl Igostivamadexwr omarinimglass access® surgical and
interventional procedures, there remains a need in the
art for the development of new methods and apparatus for
accessing tumors, organs, tissues and other extravascular
10 locations within the body, to permit the performance of
surgical and/or interventional procedures without the
need for forming any open surgical incisions in the body.

Summary of the Invention
In general, the present invention provides methods
15 for using the vascular system of a mammalian body as a
conduit for performing various types of medical
procedures. Due to the wide distribution of vessel
conduits throughout <the body, <the wvascular system
provides a highway through which devices can be navigated
20 ° to gain access or proximatity to selected treatment sites
which'may be otherwise accessible only through a direct
incision. The specific methods of the present invention
include a) revascularization methods, and b) methods for
performing various types of medical procedures at other
25 intracorporeal locations within the body.

The revascularization methods of the present
invention generally comprise the formation of one or more
extravascular passageways Dbetween blood vessels,
different locations on the same blood vessel, or a blood

30 vessel and another blood-containing anatomical structure
(e.g.,. chamber of the heart), such that blood will flow

— through such passageway(s). In many applications of the
invention, it will be desirable for oxygenated blood

(i.e., blood which has a pO, greater than 50) to be

35 carried through the extravascular passageway(s) for the
purpose of providing or enhancing perfusion of tissues.

The extravascular passageways formed in accordance with
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require a great deal of operator skill aid-training. Furthernore, as with
traditional coronary artery bypass 35 surgery, these thoracoscopic
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of theses the present invention may be useable in peripheral blood
vessels and/or in coronary blood vessels.

In accordance with the revascularization methods of
the present invention, there are provided procedures for
providing arterial blood flow to a tissue which has been
10 deprived of blood due to the presence of an cobstruction,

injury or disease within a segment of an artery. The

method generally comprises the step of forming a first
extravascular passageway between an anatomical conduit
which contains arterial blood (e.g., an artery or chamber
15 of the left heart), and a blood vessel which will perfuse
the blood-deprived tissue, such that arterial blood will
pass through the extravascular blood flow passageway and
into the blood vessel, to thereby perfuse the blood-
deprived tissue through the blood vessel. In some
20 applications of this method, the first blood flow
passageway will be formed between an artery and an
adjacent vein, such that blood will flow from the artery
into the adjacent vein and will subsequently pass through
. the vein in the retrograde direction so as to back-
25 perfuse tissue through the venous vasculature.
Alternatively, a second blood flow passageway may be
formed between the vein and the artery wherein the
obstruction, injury or disease is 1located, such that
arterial blood which has entered the vein will reenter
30 the artery, downstream of the obstruction, injury or
disease-affected segment thereof, thereby perfusing the
blood-deprived tissue through the endogenous artery
wherein the obstruction, injury or disease-affected
segment is located.
35 The methods of the present invention for performing
medical procedure(s) at vascular or non-vascular target
site(s) within the body broadly comprise the step of
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Further in accordance with the invention, there is
provided a device which is insertable into a blood vessel
and useable to form an extravascular passageway which
10 extends from the blood vessel within which the catheter
device is inserted to a target location. The target
location may be a) another blood vessel, b) another blood
containing anatomical structure (e.g., chamber of the
heart), c¢) another location on the same blood vessel, or
15 d) an extravascular location (e.g., organ, tumor, body
cavity, etc.) The extravascular passageways formed by
this catheter device may be used for performance of the
revascularization and/or medical procedure methods of the
present invention, as summarized hereabove. This
20 passageway-forming catheter device may comprise an
elongéte, flexible catheter body having a tissue
penetrating element (e.g., a member, device or flow of
energy) which is passable from the catheter body, to form
a passageway through the wall of the blood vessel in
25 which the catheter is positioned, and through any other
tissue located between the blood vessel and the target
location (e.g., other blood vessel, anatomical structure,
extravascular location, or other location on the same
blood vessel) to which the passageway is desired to
30 extend. The tissue-penetrating element may comprise a
suitable type of tissue-penetrating member, device or
flow of energy, including but not necessarily limited to
a hollow and/or solid needle, trocar-tipped needle (with
or without a surrounding pliable sheath), laser beanm,
35 laser-emitting member, electrocautery probe, hot-tipped
probe, rotating tissue penetrating apparatus, or
ultrasonic ablation probe. Optionally, the catheter



not actually bypass coronary artery obstructions but which nonethel ess may
be useable to inprove blood flow to ischemc regions of the myocardium is
a procedure known as transnyocardi al revascul ari zation (TMR). In the TMR 30
procedure a tissue-penetrable probe, such as a | aser probe is utilized to-
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passageway (figsuedpeneteadingiclendiitiQle.q., member, apparatus, flow
5 of energy) from the blood vessel to the selected target
location. Also, opticaally, the tissue-penetrating
element of the catheter device may incorporate a guide
wire lumen or other means for passing a guide wire
through the extravascular passageway formed by the

10 tissue-penetrating element.

Further in accordance with the invention, the
passageway-forming catheter device of the foregoing
character may be combined with one or more apparatus for
orienting the tissue-penetrating element to insure that

15 the extravascular passageway is formed at its intended
location. Such orienting apparatus may be mounted upon
or incorporated into the passageway-fonning catheter.
Or, such orienting apparatus may be formed separately of
the passageway-creating catheter and used in conjunction

20 with the catheter, from any suitable intracorporeal
and/or extracorporeal location. The orienting apparatus
my. comprise various types of active and/or passive
apparatus including, but not limited to, extracorporeal
or intracorporeal ultrasound apparatus, extracorporeal or

25 intracorporeal Doppler apparatus, intracorporeal or
extracorporeal radiographic apparatus, magnetic resonance
imaging apparatus, temography apparatus, induction coils,
electromagnetic devices, and various catheter-borne
markers which are identifiable by radiographic, sonic,

30 ultrasonic, photographic, MRI, or other means.

Still further in accordance with the invention,
there are provided passageway-modifying _devices for
debulking, lining, stenting, longitudinally ~ompressing
and/or otherwise modifying the extravascular

35 passageway(s) which are formed by the present invention.

Further objects and advantages of the present

invention will become apparent to those skilled in the
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heart showing the typical locations of coronary arteries
and veins thereon.

Figure 1b is a rear perspective view of the human
heart showing the typical posn:lons of arteries and veins
thereon.

Figure 1ic is a longitudinal sectional view through
an adjacent coronary artery and coronary vein within
segment 1lc of Figure la, wherein blood flow passageways
have been formed in accordance with the present invention
to bypass an obstruction located within the coronary
artery.

Figure 1d is a cross sectional view through line 1d-
1d of Fiqure 1lc.

Figure le is a diagram of the Triangle of Brouck-
Moscheau, an anatomical landmark which is defined by
certain coronary arteries and coronary veins of the human
heart, as visualized on an x-ray taken from the right
anterior oblique view.

Figure 1f is a perspective view of an alternative
revascularization method of the present invention wherein
an extravascular interstitial passageway is formed from
a first location on a blood vessel (upstream of an
obstruction) to a second location on the same blood
vessel (downstream of the obstruction).

Figure 1f’ is a perspective view of the blood vessel
shown in Figure 1f, following complete application of the
revascularization method of the present invention to form
a bypass passageway around the obstruction.

Figure 2 is a perspective view of a human body
incorporating a schematic illustration of a transvascular
method for performing a medical procedure at an

t he

i 396

and

g or
p%‘ﬁ’é@‘éhm?thheamﬂeanml% pef | ke al

s to surlcal y expose the affected artery and
pf, Des aM3RgSor red of woven
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bl ood flowto the portion of the artery downstrea € 0 I on:

alternative t
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n t he vein. Ther eaf
1ssue-penetrat1ng element is passed from the passageway-

forming catheter into the target tissue.

Figure 2a’ is an enlarged view of the target tissue
of Figure 2 showing an access conduit which has been
advanced through and/or exchanged into the extravascular
passageway and into the target tissue.

Figure 2b is a schematic showing of an indwelling
delivery/sampling cannula having a subcutaneous injection
port for repetitive infusion/withdrawal of matter
into/from a target area or monitoring of conditions in
the target area.

Figure 2c is a schematic showing of a catheter
inserted through the extravascular passageway for
temporarily deployment of a device into, monitoring of
conditions in, or infusion/withdrawal of matter into/from
the target area.

f‘igure 2d is a schematic showing of a permanently
placed device (e.g., fluid drainage shunt) utilizing the
extravascular passageway of the present invention.

Figure 2e is a schematic showing of a catheter
inserted through the extravascular passageway of the
present invention and into the lumen of another tubular
anatomical passageway, for sampling, access, monitoring,
or performance of a surgical or interventional procedure
within the tubular anatomical passageway.

Figure 2f is a schematic showing of a transvascular
procedure for performing extravascular microsurgery, in
accordance with the present invention.

Figure 3a is a longitudinal sectional view showing
an unmodified blood flow passageway formed in accordance
with the present invention.



any side branches which extend fromthe vein are cut, ligated or blocked by
enbol i zati on. The prepared vein is 10 then transected at | ocations ahove

and bel ow the arterial obstruction, and the trans epds of4 tdg, vezn are
pl aced in contact with, and sutured directly to’r‘u, ;gjgt %élt]-s}i"t‘é\é‘-’:e5

upstream and downstream of the obstruction. In this manner, arterial blood

fl ow beconmes 15 channel ed through the prepar 3M%mﬁ‘bmmi n,” susk i:?sgl

the prepared segnent of vein will act asi$ypa it Y aroind™ t he et
obstruction. Exanples of current in situ vein bypass procedures are
descri bed i n Wi tEigutré\ 3anils Fagaohgitidinal Peectienal kricer atmwing

Interventions, 20, PQS..., 166-169, y : L1 . .and
Q her Di seas¥h MF@IF%%&}YI nggF%gFl%gv@%rgﬁgh@APéérglggéwe ri%%lzsl;ﬁ%érfrglrrfes of
t he body nmaadmmoiancemabell tletpresenteigventiaesrati ons, crushing injury,

blunt 25 abdoni ) o £GUSE) ; 87 a MYnBEEAHEnRDY BURE 10 210WERP Libullin

extra-vascul ar di sease processes (e’g., pro eration and i ngrowth %f an
adj acent 5t urforlongitminahl ¥ gomprefgaed blaadfdirk passagenay fmaed eri es
affected by js{id-ddPddi®ce with the present invention.

Figure 3d is a longitudinal sectional view showing
a blood flow passageway of the present invention having
a non-protrusive stent or stented graft positioned

10 therewithin.

Figure 3d’ is a perspective view showing an optional
flange and/or optional projections which may be
incorporated into a non-protrusive stent or stented graft
positionable within a blood flow passageway of the .

15 present invention in accordance with Figure 2d.

Figure 3e is a sectional view through a blood flow
passageway of the present invention, having a first
embodiment of a hemiprotrusive or protrusive stent or
stented graft positioned therewithin.

20 Figure 3f is a sectional view through first and
second blood flow passageways of the present invention,
having a second embodiment of a protrusive stent or
stented graft positioned therewithin.

Figure 4a is a schematic illustration of a first

25 approach for forming arteriovenous blood flow passageways
in accordance with the present invention.

Figure 4b is a schematic illustration of a second
approach for forming arteriovenous blood flow passageways
in accordance with the present invention.

30 Figure 4c is a schematic illustration of a third
approach for forming arteriovenous blood flow passageways
in accordance with the present invention.

Figure 4d is a schematic illustration of a fourth
approach for forming arteriovenous blood flow passageways

35 in accordance with the present invention.
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or disease is to surgically expose and direct the 30 affected segment ~of
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(2) adjacent blood vessels, illustrating a first means
for orienting, aiming and guiding a tissue-penetrating
element to form an arteriovenous blood fiow passageway in
accordance with the present invention.

Figure Sb is a longitudinal sectional view of an
adjacent artery and vein, illustrating a second means for
orienting, aiming and guiding a tissue-penetrating
element to form an arteriovenous blood flow passageway in
accordance with the present invention.

Figure 5c is a longitudinal sectional view of an
adjacent artery and vein, illustrating a third means for
orienting, aiming and guiding a tissue-penetrating
element to form an arteriovenous blood flow passageway in
accordance with the present invention.

Figure 5d is a longitudinal sectional view of an
adjacent artery and vein, illustrating a fourth means for
orienting, aiming and guiding a tissue-penetrating
element to form an arteriovenous blood flow passageway in
accordance with the present invention.

Figure S5Se is schematic showing of a method for
utilizing passive radiographically visible markers to
orient, aim and or guide a tissue-penetrating element to
form an extravascular passageway in accordance with the
present invention. '

Figure 5e’ shows a first type of radiographic
markers which may be utilized in accordance with Figure
S5e.

Figure 5e’’ shows a second type of radiographic
markers which may be utilized in accordance with Figure
S5e.

Figure Se’’’ shows a third type of radiographic
markers which may be utilized in accordance with Figure
5e. Figure 5f is a schematic showing of a method for

o e 3._!19-0~

rtery

raft
pass



traditiona

surgi cal approaches have been mtigated, 10 there renmains a
need'in the art for the devel opment of new, safe, and,reliabl®e mninmlly-
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Figure 5g is a schematic view of a method for using
magnetic resonance imaging (MRI) to orient, aim or guide
a tissue-~-penetrating element to form an extravascular
passageway in accordance with the present invention.

Figure 5g’ 1is a perspective view of a first
embodiment of a marker visible by magnetic resonance
imaging (MRI) to facilitate orientation, aiming and/or
guidance of a tissue penetrating element to form an
extravascular passageway in accordance with the present
invention.

Figure 5g’’ is a perspective view of a second
embodiment of a marker visible by magnetic resonance
imaging (MRI) to facilitate orientation, aiming and/or
guidance of a tissue penetrating element to form an
extravascular passageway in accordance with the present
invention.

Figure 5h is a schematic showing of means for
utilizing a doppler apparatus to facilitate orientation,
aiming and/or guidance of a tissue penetrating element to
form an extravascular passageway in accordance with the
present invention.

Figure 5i is a schematic showing of means for a
pressure sensing apparatus to facilitate orientation,
aiming and/or guidance of a tissue penetrating element to
form an extravascular passageway in accordance with the
present invention.

Figure 5j is a schematic showing of means for
utilizing transmitter and receiver apparatus for
orienting, aiming and/or guiding a tissue penetrating
element to form an arteriovenous blood flow passageway in
accordance with the present invention.
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Figure 51 is a schematic showing of means for
utilizing magnetic apparatus for orienting, aiming and/or
guiding a tissue penetrating element to form an
arteriovenous blood flow passageway in accordance with
the present invention. '

Figure 6a is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a first means for exiting
of the tissue-penetrating element from the catheter.

Figure 6b is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a second means for exiting
of the tissue-penetrating element from the catheter.

Figure 6c is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a third means for exiting
of the tissue-penetrating element from the catheter.

. Figure 6d is a longitudinal sectional view of a
portinn of a transvascular tissue-penetrating catheter of
the present invention, showing a fourth means for exiting
of the tissue-penetrating element from the catheter.

Figure 6d’ is a perspective view through of the
distal end of the catheter device shown in Figure 6d.

Figure 6e is a 1longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a fifth means for exiting
of the tissue-penetrating element from the catheter.

Figure 6f is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a sixth means for exiting
of the tissue-penetrating element from the catheter.
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the present invention, showing a eighth means for exiting
of the tissue-penetrating element from the catheter.

Figure 6i is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a ninth means for exiting
of the tissue-penetrating element from the catheter.

Figure 7a is a longitudinal sectional view of a
distal portion of the first embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 7a’ is a cross sectional view through line
7a’-7a’ of Figure 7a.

Figure 7b is a longitudinal sectional view of a
distal portion of the second embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 7¢ is a longitudinal sectional view of a
distal portion of the third embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 7d is a longitudinal sectional view of a
distal portion of the fourth embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 74’ is a cross sectional view through line
7d’-7d’ of Figure 7d.

Figqure 7e is a 1ongltud1nal sectional view of a
distal portion of the £fifth embodiment of a tissue-

penetrating element in accordance with the present
invention.
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(e.g.,.cha?ber of the heart), such that blood wll flow through such _
passageway(s). In many applications of the invegtd I t AW | egypabl e
for oxygenated blood (i.e., blood which has a p%fﬂngrg\gge* fhz\‘% to
be 35 carried through the extravascul ar passageway(s) ~f-of-thes purpoge~of”

providing or enhancing perfusion of tiggues. . The éxtravascul ar passagewdys
formed in accordance with -10- the revascul ari zati on net hods of the

present inventigyge brefoiged BrodsPeedtidnmilsviéw athksayhall iaepr oach
whi ch avoi ds the format,i on of open surgical incisions in the mamal i an

body. Thesé’er’a?’&'cmfarﬂli?éﬂeor?%t hods of 5 the present invention may be
useabl e in peri gigpale breod visselrosandsectionadr ondey Mhoashgtessals. In

fherc are AUARTRA 1% SRREURerSy off SUtaResiE enod BeEIdmrd VBL' Ol oie
whi ch hss lempriitimear hodiiowf tubediaving t sid disdydedeposisdomest r uct i on,
therewithin.

Figure 7f is a longitudinal sectional view of a
distal portion c¢7 the sixth embodiment of a tissue-
penetrating element in accordance with the present

10 invention.

Figure 7f’ is a perspective view of the trocar-
tipped, elongate member which forms a portion of the
tissue-penetrating element shown in figure 7f.

Figure 7g is a longitudinal sectional view of a

15 distal portion of the seventh embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figqure 7h is a longitudinal sectional view of a
distal portion of the eighth embodiment of a tissue-

20 pehet;gting element in accordance with the present
invention.

Figure 7i is a longitudinal sectional view of a
distal portion of the ninth embodiment of a tissue-
penetrating element in accordance with the present

25 invention.

' Figure 7j is a longitudinal sectional view of a
distal portion of the tenth embodiment of a tissue-
penetrating element in accordance with the present
invention.

30 Figure 7k is a longitudinal sectional view of a
distal portion of the eleventh embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 71 is a longitudinal sectional view of a

35 distal portion of the twelfth embodiment of a tissue-
penetrating element in accordance with the present
invention.



injury or disease within a segnment of an artery. R\GT/THS\OQ &Aelap#bj

conprises the step of formng a first extravascul ar passageway between an
anat om cal conduit which contains arterial blood (e.g., .an, artery-~or . . .~ar
chamber 15 of the left heart), and a blood vesgel ki ch will perfuse:the <2
bl ood-deprived tissue, such that arteriak;hl ood ¥ Ik < pass through the
extravascul ar bl ood fl ow passageway and into the bl ood vessel, to thereby

perfuse the bl oody;dape VAH -gss&uelgﬁ?gggaihgg @d&)@j{d&?aslsebiew Id¥ sgme 20
applications of this nethod, the first blood flow passageway will be
forned bet wedAskalappttjornafahhgdrhtEheenthnembodhmenkt of| dcbisFle—f | ow

fromthe art?é&sek&mm@e adiede@R! YA NadBdr¥hhbesulseguephty pPa&Sehfr ough
the vein in {he retrograde direction so as to back- 25 perfuse ti ssue

through théfVePEABBs  vascul ature. Alternatively, a second bl ood flow
passagewssy may beFfigured st isera t bengdtndindlt ectienal Wwhtewi roff ha

has. ent ered FHE=Ye) sRboRiBERET bF 857 ABeaPHEls "Shynchialiyiferpda "
obstruction, inteustitiadi passagevaxt §drmednein aneprdancehariglly pbef usi ng
the present invention.

Figure 8b is a longitudinal sectional view of a

10 second embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention. _

Figure 8c is a longitudinal sectional view of a
third embodiment of an apparatus for modifying an

15 interstitial passageway formed in accordance with the
present invention.

Figure 8d is a longitudinal sectional view of a
fourth embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the

20 present invention.

Figure 8e is a longitudinal sectional view of a
fifth embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention.

25 Figure 8f is a longitudinal sectional view of a
sixth embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention.

Figure 8g is a longitudinal sectional view of a

30 seventh embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention.

Figure 8h is a partial cut-away side elevational
view of a eighth embodiment of an apparatus for modifying

35 an interstitial passageway formed in accordance with the
present invention.
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bl o0d
flow passageway formed in accordance with the present

invention.

Figure 9a 1is an elevational view of a first
embodiment of a device usable to longitudinally compress
an arteriovenous passageway formed in accordance with the
present invention.

Figure 9a’ is an exploded perspective view of the
device shown in Figure 9a. '

Figure 9b is an elevational view of a second _

embodiment of a device usable to longitudinally compress
an arteriovenous blood flow passageway in accordance with
the present invention. .

Figure 9b’ is a partial longitudinal sectional view
of the device of Figure 9b mounted within a delivery
catheter.

Figure 9b’’ is a perspective view of the device of
Figure 9b partially ejected from its delivery catheter.

+ Figure 9b’’’ is a perspective view of the device of

Figure 9b fully ejected from its delivery catheter.

Figure 9c 1is an elevational view of a third
embodiment of a device usable to longitudinally compress
an arteriovenous blood flow passageway in accordance with
the present invention.

Figure 9d is an elevational view of a fourth
embodiment of a device usable to longitudinally compress
an arteriovenous blood flow passageway in accordance with
the present invention.

Figure 9e is an elevational view of a fifth
embodiment of a device usable to longitudinally compress
an arteriovenous blood flow passageway in accordance with
the present invention.



contai ning anatom cal structure (e.g., chanmber of the-heart), , c) anouh%§3
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I ncldgdifigdwt not necessarily limted to a hollow and/or solid
trocar-tipped needl e (mnth
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needl e,
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igure 9f’‘ is a perspective view of the device of
Figure 9f as it is mounted within its delivery catheter.

Figure 9f/’ is a longitudinal sectional view of the
device of Figure 9f partially deployed out of its
delivery catheter.

Figure 9f’’’’/ is a cross sectional view of the
device of Figqure 9f fully deployed out of its delivery
catheter.

Figure 10a is a perspective view of a first
embodiment of a transvascular tissue-penetrating catheter
device of the present invention.

Figure 10b is a longitudinal sectional view through
line 10b-10b of Figure 10.

Figure 10c is a longitudinal sectional view through
line 10c of Figure 10a.

+ Figure 10d is a cross sectional view through line
10d-10d of Figure 10a.

Figure 10c’ is a schematic view of an optional guide
wire/sheath urging apparatus which may be incorporated
into any embodiment of the transvascular tissue-
penetrating catheter of the present invention.

Figure 10c’’ is a schematic showing of the apparatus
of Figure 10c’ as the tissue-penetrating element of the
catheter device is penetrating through tissue.

Figure 10c¢’’’ is a schematic showing of the device
of Figure 10c after the tissue-penetrating element has
penetrated through tissue and into a vascular lumen or
open cavity.

Figure l11la is a longitudinal section view through
the handpiece component of a second embodiment of a
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or wi.thout a surrounding pliable sheath), |aser beam 35 |aser-emtting
menber, el ectrocautery probe, hot-tipped probe, rotating tissue .

penetrating apparatus, or ultrasonic ablation prqb tiopal Ly, ~the
cat het er -12- device may be equi pped with sucti?é‘ffﬂ@n, |@‘ﬁr%t dblied
bal | oon(s) or other structural attributes or 1 M’ﬂ?e‘ﬁ? e b y‘igjgﬁ
facilitate or assist the passage of the34ssu B§ tY er enent Q .g.,

menber, apparatus, flgw 5 of energy) fromthe bl ood vessel to the selected

target |ocatrapsvascylar tigyenpgngtratingcathetgendevacengieltdient of
t he cat het eprég\éh(ﬁeiﬁméﬂﬂcd}{.porate a guide wire lunmen or other neans for

[ Saue penet rat | RGSFEdE 16, AL RBF EAA Lo LOBRAEHBI AL Ao ARG, the

passageway- through eatiistel geritdenobft hhef seegnidn@mboaiacingdr ofatHee

conbi necg W It@aﬂ@%a%%uﬁ%rze &pég*{éltﬁ&égating catheter device of the
present invention.

Figure 1lc is a longitudinal section showing of the
device of Figure 11b during a first stage of a tissue-
penetrating procedure.

10 Figure 11lc is a longitudinal section showing of the
device of Figure 11b dui'ing a second étage of a tissue-
penetrating procedure.

Figure 11d is an enlarged longitudinal sectional
view of segment 11d of Figure 1llc. .

1s Detailed Description of the Preferred Embodiments

The following detailed description and the drawings
to which it refers are provided for the purpose of
describing certain presently preferred embodiments of the
present invention only, and are not intended to limit the

20 scope of the invention in any way. Indeed, it is to be
appreciated that the detailed descriptions and examples
set forth herebelow are provided as mere examples or
illustrations of certain ways in which the invention may

~ be wutilized or practiced. These examples and

25 illustrations are not intended to provide an exhaustive

' description of all possible embodiments and examples of
the invention but, rather, are illustrative of some but
not all applications to which the invention may be
applied.

30 A. The Methods of the Present Invention

i. Revascularization Methods
Broadly stated, the revascularization method of the

—--— present invention provides a method for establishing one

or more passageway(s) 10 through which blood may flow

35 from or into at least one blood vessel. 1In most cases,

the blood which flows through the passageway will
preferably have a pO, in excess of about 50.

AMPNTE o



orienting the tissue-penetrating elenent to insure that 15 the
extravascul ar passageway is fornmed at its intended m!ug Su frg‘qnwg
apparatus may be nmounted upon or incorporated into a9e
catheter. O, such orienting apparatus may be forned se arate WLhe
E)P %he cat Ij}a‘yep‘"gs

passageway- creating catheter and used in conj uncm%aeg
from any suitable intracorporeal and/ oR5extr ac 1M ocat i on.

orienting apparatus ny conprise various types of active and/or pa55| ve
appar at us i ncl udi By, SRR infitances she eXtERVASSHIRT Passagemay (&0l for eal

ul trasound a@pﬁi abes, uLed I FoH POy SRbs Phg2an | BbEREAERBAHSAl i n oMM by

appar at us, racor or extracorp eal radi 0 hi ¢ appar at us,
magnetic res %%e %ﬁé?ﬁ edpp SEFMENT ¢ hya&}}%a‘ratus RduEPMsn

coils, el ectemivadiméntsdeti the, 1anén\tardrqu3>mb,t Mtpfnb@fy'leblfabheﬂowhi Ch
RARE M NN e e
provi ded pasEdevaobstooidyion) willcee féomedebetkeery, ahi obagrustedt i ng,
Lgtng;tv ;gwﬁgajﬁpé@r&s Vi AU N rect M W PUSP (or TREELLY Enimphifea
artery or a blood-filled anatomical structure such as a
chamber of the heart), and a vein thereby permitting
10 arterial blood:-will then be permitted to flow in the
retrograde direction through the vein, so as to
retroprofuse tissues through the venous vasculature. 1In
other embodiments of the invention, one or more secondary
blood flow passageways will also be formed between the .
15 obstructed artery and the vein, downstream of the
obstruction, such that arterial blood which has entered
the lumen of the vein through the primary blood flow
passageway(s) may subsequently enter or re-enter the
lumen of the artery, downstream of the obstruction,
20 thereby perfusing tissues through the remaining (e.g.,
unobstructed) portion of the obstructed artery.
Although the anatomical showings provided in Figures
la‘and 1b are specific to the coronary vasculature, it is
~ to be appreciated that the methods of the present
' 25 invention may be applied to blood vessels throughout the
body and are not necessarily limited the treatment of
obstructed coronary arteries (e.g., the femoral-popliteal
region, aorta-iliac region, etc.).
With reference to the drawings, Figures la and 1b
30 provide detailed showings of the normal vascular anatomy
of a- human heart wherein coronary arteries are
substantially parallel and adjacent to coronary veins.
The specific-anatomical structures shown in Figures 1la,
1b and le are labeled in accordance with the following
35 legend:
Ao ¢ ¢ ¢ ¢ < 4 ¢ ¢ o 4 +« s « o + « » - Aorta
AIV . . . . . Anterior Interventricular Vein



35 passa{geway(s) whi ch are forned by the present inyention.
obj ects and advantages of the present invention wll “becone affpdr ent fto
those skilled in the art upon reading the detail ed description of

preferred enbodi nents set forth herebel ow, V\/gasﬂ&v QM FFL A~ -
fthon” are.set, Fqr{Ho5

presently-preferred enbodi nents and exanpl es of

Furt her

L2

. -y

in detail. 5 - Brief Descriptpgr of the Drawi ngs Figure la' Vs a

front perspective view of a hunan heart show ng the typica

| ocati ons of

coronary arteriescand yeins thereon. ,Fi,gure Lbicbnbﬂéﬁy Hxﬁéﬁpctive Vi ew
of the human 10 art showi ng the typical positi of arg;rJes and veins

thereon. Figure 1t i5 a fFohgitudinal "séct’i dndl “vie

ed]rfladj acent

coronary artery a®8l coromnary.vei R w thi.n segnentChrqﬁaﬂygﬁmmuéa wher ei n
bl ood flow passageygys 15 have been forned |@fygaﬂf¥g§xig%é{ythe pr esent

I nvention

5 IVC . ¢ . « « « +«+ +» « » « Inferior Vena Cava
LAD . . . . Left Anterior Descending Artery
Ssv¢ . . . . . +. « « « « . Superior Vena Cava

PA . .. ..+« .+ ¢« « « « « « Pulmonary Artery

PV . & « + + « o« ¢« « ¢« « » + . Pulmonary Vein
10 TA . « « « « « « « « « « . Tunica Adventitia
TM . « ¢« « « « o « « o« o s « « « Tunica Media

TI . « « o+ o « o« s« o« « « o« « » Tunica Intima

BCV &« &« &« o« ¢« « « « s« « « GBreat Cardiac Vein

Figures 1c-1d illustrate a specific applicétion of

15 the present invention, wherein an obstruction OB is

located within a coronary artery located on the left
anterior aspect of the heart. As shown, the obstructed
coronary artery CA is located adjacent, and generally

parallel to, a coronary vein CV. A first blood flow

20 passageway 10a is formed between the coronary artery CA
and the adjacent coronary vein CV, at a location upstream
of the arterial obstruction OB. Also, in the showing of
Fibure ic, an optional second blood flow passageway 10b

has feen formed between the lumen of the coronary vein CV

25 and the lumen of the coronary artery CA, at a location

downstream of the obstruction OB. Also,

in these

. figures, optional embolization members 12a, 12b are shown

to have been placed within the lumen of the coronary vein

CV at sites proximal of the first blood flow passageway

30 10a, and distal of the optional second blood flow
passageway 10b. These optional embolization member serve

to guide the flow of arterial blood which enters the
coronary artery CA thtough the first blood flow

passageway 10a, through a segment of the adjacent
35 coronary vein CV, and through the second blood flow
passageway 10b such that the arterial blood reenters the

lumen of the coronary artery CA, downstream of the
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to bypass'an obstruction |ocated within the coronary artery. Figure 1d is a

cross secti onal

human heart,

vessel

(domns an1o
the bl ood vesBbpckhewnimpegeghilewisuc

struction I'S a perspec

OBét *?fm‘“{% 4P aoaszgaé&bac@f Qsp»,m@ &f‘f‘chlEx? 0d¢ 30

revascul ari zagheR ggt Bemabehhecarl%%af" 'd}yeﬂilbﬁhtocé%ﬁéé SYPAES or

passageway around the obst ructj on. ure’2°is a per spective view

of a humad§ bofyaRaSer fiRERTRALEe scqﬂe]rﬂétqrbsq I IV Vieat BERUStUKesy afidBSeul ar
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fasteners or plugs, etc. Further, the function served by
these members may also be accomplished utilizing various
methods including ligation, welding, coagulation, or
other surgical methods.

As illustrated in the cross sectional showing of
Figure 1d, each blood flow passageway 10 of the present
invention is essentially an interstitial tunnel which
extends through the wall of an artery (such as a coronary
artery CA) through the wall of an adjacent vein (such as
a coronary vein CV) and through any connective or
membranous tissue which may be located between the
coronary artery CA and coronary vein CV. In this manner,
each blood flow passageway 10 acts as a flow conduit
between the lumens of the coronary artery CA and coronary
vein CV.

Figure 1le is a diagram of a portion of the coronary
vasculature known as the Triangle of Brouck-Moscheau.
The Triangle of Brouck-Moscheau is defined by the left
anterior descending coronary artery LAD, the circumflex
coronary artery CIR, the anterior interventricular vein
AIV and the great cardiac vein, GCV, as shown.
Obstructions resulting from the 'build—up of
atherosclerotic plaque are often found in the proximal
portions of the left anterior descending artery LAD
and/or the circumflex artery CIR. The revascularization
methods of the present invention may be utilized to treat
such obstructions of the left anterior descending artery
LAD and/or circumflex artery CIR by forming appropriate
blood flow passageways 10 between the arteries and veins
surrounding the Triangle of Bouck-Moscheau. For example,
if an obstruction is present in the proximal portion of
the left anterior descending artery LAD, a first blood

fr &he

view through line 1d- 1d of Figure l1lc. 20 - “Figure 1le
is a diagramof the Triangle of Brouck- Mscheau, an anatomni cal ‘l andmark
which is defined by certain coronary arteries and af

as visualized on an x-ray taken from{ﬁwp@n{pz of « v
obl i que view. 25 Figure 1f is a per2p@ective view of an alternative
revascul ari zati on net hod of the present
interstitial phssayetdpni ©Bf.or Opdifomah @nhalsiza oo i members b2apdlgbsse
(upstream(ﬁ
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met hod for performng a nedical procedure at an -14- extravascular, _

| ocation within the body, in accordance with the pre {avendion, Fpgure"
2a i s an enlarged perspective view of the target ti S?UQi.éLhFi Qﬂébl 6[4. §3
showi ng the manner in which a 5 tissue-penetr at,i el ls~passed froq

t he passageway- form ng catheter into the targémﬁ’wétl%meuzahﬁyé%
enl arged view of the target tissue of Fi §#8 2 show ng an access conduit

whi ch has been_advanced t hrough and/ or exchanged into the extravascul ar 10

passageway andlPMi cPRFERFEYEEL 10sBRY M{uieIdsd sbateespndtic gR8AtNg of
an indwel | i ngcaediiuer WeiphEtug aaannthe kdticitgh £ et bapt 8PROCIR MA@Et hon

DO 0" o ePeLskoks el O SL RSl 1B Sl e £LORLE HBEREL" O
schemat i ¢ showhegleftaanaeiéber descending artery LAD and the anterior
5 intraventricular artery AIV, at a location downstream of
the obstruction. A lumen blocking member 12 may be
placed within the great cardiac vein GCV, proximal to the
first blood flow passageway 10a and/or within the
anterior interventricular vein AIV distal to the second
10 Dblood flow passageway 10b such that arterial blood from
the circumflex artery CIR will flow through the first
blood flow passageway 10a, through the great cardiac vein
GCV, through the anterior interventricular vein AIV and
into the left anterior descending artery LAD, downstream
15 of the obstruction. Alternatively, in cases where the
obstruction is present in the circumflex artery CIR, the
first blood flow passageway 1l0a and second blocod flow
passageway 10b may be inverted, such that blood flowing
through the left anterior descending artery LAD will flow
20 through the anterior interventricular vein AIV, through
the great cardiac vein GCV and into the circumflex artery
CIR, downstream of the obstruction. In accordance with
these examples, it will be appreciated that the
= revascularization method of the present invention may be
25 utilized in a manner which obtains arterial blood from an
artery or from any other source (e.g., left ventricle),
and passes such arterial blood into another artery.
Moreover, in accordance with the revascularization
methods of the present invention, it will be appreciated
30 that the second blood flow passageway 10b may, in at
least .some cases, be eliminated and arterial blood may be
provided to the blood-deprived regions of the myocardium
by retroprofusion through the anterior interventricular
vein AIV or great cardiac vein GCV.
35 It will be appreciated that in some applications of
the revascularization method of the present invention,
the extravascular passageway 10 may comprise an



inserted-through the extravascul ar passageway for tenporarily deploynent of

a device into, nonitoring of conditions in, or infusion/wthdrawal of

matter into/from20 the target area. Figure 2d is a_sche ¢ s

permanently placed device (e.g., fluid drainage shw gaé (jltlwéﬂég

extravascul ar passageway of the present inventign %ﬁﬁ ,\Qq schematlc
37 passagéz\@yg 6830

showi ng of a catheter 25 inserted througiyt he gﬁr g?
the present invention and into the |unen of anofher gbul’ar’ anat oni'¢al

passageway, ;i Qe SR 1410t BHEES Syh IBH| éﬁtéﬂ@s Qi'oﬁehf @R FRRCa ofatd orlr gi cal

or |ntervent|onal procedure within the tubul tomc ssageway. 30
Figure 2f i $0aasERERRE; 3:°§Pr5\?vPﬂg Bk ?r%ﬁﬂ% VY 'dg FgP 4
performng e wavase! I1&r, @ Blood gesseli BVahama@cam \wibisit rtulo: dmme QEnt

bl ood f1 ow ég&&ege 2P aaY ke AN fa R By N 1Al SRR |
5 forming catheter 100 of the present invention whereby a
tissue-penetrating element 102 is passed through the wall
of the blood vessel upstream of the obstruction, through
the adjacent tissue, and subsequently through the wall of
the blood vessel downstream of the obstruction. 1In this
10 manner, an interstitial passageway 10, shown in Figure
1£/, forms a bypass conduit around the obstruction OB in
the blood vessel BV.

ii. Methods for Performing Surgical or
Interventional Procedures at Extravascular
15 Locations

In addition to the above-described revascularization
methods, the present invention also includes methods for
performing various surgical or interventional procedures
at extravascular locations within the body. These

20 methods of the present invention are accomplished by
forming one or more extravascular passageways from a
blood vessel to an extravascular location (e.g., organ,
tiséue, body cavity, etc.) and subsequently passing one

el or more procedure-performing apparatus through the

25 extravascular passageway to accomplish the desired
surgical or interventional procedure at the extravascular
location. The types of surgical or interventional
procedures which may be performed in accordance with this
method of the present invention include:

30 DELIVERY OF THERAPEUTIC MATTER
. Delivery of flowable drug substance;
o Implantation of an implantable drug delivery
apparatus (e.g., microspheres, etc.);
. Delivery of medical treatment fluids;
35 . Implantation of access catheter for ongoing

drug dosing;



-15- Figure 3b is a longitudinal sectional view show
bl ood fl ow passageway forned in accordance with thqu

o Qbbb 4 B3

Figure 3c is a longitudinal sectional view showing 5 a Iongltudlnally
conpressed bl ood fl ow passageway fornmed in acc ca ymahrte s
invention. Figure 3d is a |ongitudinal sectioniﬁgaﬁahdghommng a?grogg% %ﬁ
passageway of the present invention havi+g0- non-protrusive stent or
stented graft positioned 10 therewithin. Figure 3d'" is a perspective view
showi ng an optional fl| dmplankitokopt obnalgegnedjisrt i patenbhath nmelds,

I ncorporated into a ”O%iﬁfﬁﬂiéi‘6%‘$f¥%}cWeé£89§3degEaft posi tionable

within a bl ood flom/passagema pr esent

W th Figure 2d. FiigiEey

i nvention in accordance
OF . DEVIGE

passageway of the-preSQﬁtlaﬁﬁaﬂldﬁl @@VIgglauiaeék eq@a@e@%ﬂc f &r
hen1protrg5|ve or protru5|ve stent or stented graft positioned therewthin.

physical);
. Implantation of sensor;
L Implantation of electrode;
o Implantation of transmitter, receiver or
transponder;
10 . Implantation of support member (e.g., stent);
o Implantation of marker (e.g., radiographically

visible markers, or solutions.

TISSUE RESECTION, EXCISION OR ABLATION

. Tissue ablation or destruction;
15 . Cutting or transection of tissue (e.g., nerve,
fibers);
. Resection and removal of neoplasms, diseased
tissue, etc.; |
. Dilation, stretching or other modification of
20 . endogenous tissue to restore patency, flow,
_ configuration, or function.
SAMPLING APPLICATIONS
Te Sampling of tissue (e.g., biopsy);
= e ' Sampling of solid matter (e.g., calculus,
25 tophi, etc.);
. Sampling of flowable matter (e.g., biological
£luid). : '
MONITORING APPLICATIONS
A Determining pressure, pH, temperature, oxygen

30

35

saturation, partial pressure of dissolved gas, ECG,
EEG, evoked potentials, or other variables which are
measurable at the target area.

Figures 2-2f are provided for the purpose of further
describing and illustrating some of the specific
interventional and/or surgical procedures which may be
performed in accordance with this embodiment of the
present invention. Figure 2 shows a schematic

AMENDED SHEET



20 "Figure 3f is a sectional view through first and second bl ood £l ow

passageways of the present invention, having a second enbodi nent of & .
protrusive stent or stented graft positioned therew thin..F.gure 4@ i-s’a
schematic illustration of a first 25 approach for form ng arteriovenous

bl ood fl ow passageways in accordance with the present invention: Figure:Zd
is a schematic illustration of a second approack.for form ng arteri-ovenou¥

bl ood fl ow passageways in accordance with the present invention. 30
Figure 4c is Anscictmateri lHutdtomt 730 oisa adninmettgpr dachther tihssuag

gur . | b
Tnvent fon. Fi BEPecacod, MSRENR 0z | M8 BREMAT R "l PubratessT
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102 to pass out of the outlet aperture 704 for the
purpose of forming an extravascular passageway 10 of the
present invention. Thereafter, the actuator button 710
may be retracted in the proximal direction to retract the
tissue-penetrating element into the lumen 702 of the
flexible catheter body 700.

Optionally, an imaging catheter side car 720 may be
attached to the distal portion of the flexible catheter
body 700. This imaging catheter side car 720 comprises

an elongate tube having a lumen 722 extending _

longitudinally therethrough. A window 724 is formed in
the upper side wall of the side car 720, immediately
adjacent the outlet aperture 704. An imaging catheter
50, such as an intravascular ultrasound catheter of the
types commercially = available from Boston
Scientific/Cardiovascular Imaging, MA; Endosonics, Inc.,
Pleasénton, CA: and Hewlett-Packard, North Andover, MA.,
is insertable into the lumen 722 of the side car 720 such
that the sensor portion 52 (e.g., portion where the
imaging ultrasound is emitted and received) is positioned
next to window 724. The material of which the side car
720 is made is preferably a material which will prevent
transmission of the type of energy (e.g., ultrasound)
which is utilized by the imaging catheter 50, but the
window 724 is either an open aperture or is covered with
a material which may be permeated by the energy utilized
by the imaging catheter 50. In this manner, the sensor
portion 52 of the imaging catheter 50 will receive an
image only of the area which is in alignment with the
window 724. Additionally, the window 724 is preferably
of a rectangular configuration and is confined to the
side wall of the side car 720 which is immediately
adjacent the outlet aperture 704 of the flexible catheter



approach for formng an arteriovenous blood fl ow pa way | C rgapc
with the present invention. Figure 5a is a |ongi tudisﬁ issept |§rélfa SSTTING! 3

two 5 (2) adjacent blood vessels, illustrating a first nmeans for or|enting,96
ai mng and guiding a tissue-penetrating el enent tﬂi e ]g

bl ood fl ow passageway in accordance with the pre@ G’ﬂlgc if W%ﬁmb

is a longitudinal sectional view of an-3Q-adjacent artery and vein,
illustrating a second neans for orienting, aimng and guiding a

ti ssue- penetbatingagigmarainofiaia Erofr tRei edegeys abeaod.f | oW pAgSagEVaAy
I n accordance with %Resgresent I nvention. Fﬁggre 5c is a_l nglb di nal
sectional vIBRPEFahResPEAFLBNPAT0Y o FRRATCESS &?Ppﬁﬁﬁné tfird
Peans for oprenided wdith rg) phurald ty ngfacuitdede -gperturds nPO | gaeht to
orman artegiov bl f a V. i D ACCor C | pr esent
I nventi on. Eﬁagrggg %§s€?q%%@iwh |%%ﬁ%ggﬁﬁ(ﬁ%ﬁﬁ%gégﬁgfgﬁﬁéég égggcent
artery #nd Tewalli dradnr prioxdralilyuthrovgnsheorlunernef nghe aaatagsand
guiding a tLaaHE1ReNEhSAldnY ShATEBE (Qui PEE AHpSrieréoVays blepd flow

passageway In . )
proximal portion of the access cannula 103 having the

outlet apertures 109 formed therein may be exteriorized

such that excess fluid is drained into an

10 extracorporeally located container or vessel, or

alternatively be implanted at another location within the

body (e.g., the peritoneal cavity) such that excess fluid

will pass into such other area of the body where it can

be assimilated by natural physiologic functions without

15 causing damage or harm to the body. One example of such

application is the use of the cannula 103 as an

indwelling shunt or draining excess cerebrospinal fluid

from a ventricle of the brain to a secondary location

(e.g., peritoneum) within the body. Because the cannula

20 103 has been implanted through the vasculature and

through the extravascular passageway 10 created in

accordance with the invention, the technique used for

imﬁlantation of the cannula 103 may be performed

percutaneously without requiring large surgical incisions

25 as may be typical of other methods utilized to implant

fluid-drainage shunt devices used for the treatment of
hydrocephalus and other disorders.

Figure 2e shows another specific application of the

present invention, wherein the access cannula 103 extends

30 from the blood vessel BV, through the extravascular

passageway 10 of the present invention and into the lumen

111 of a secondary tubular anatomical passageway or duct

which is the target T in this application. The types of

tubular passageways or ducts which may form the target T

35 in this application of the invention include blood

vessels, geneto-urinary ducts, exocrine ducts, endocrine

ducts and lymph ducts. After the access cannula 103 has

L Lok Rlatad LW T Lo



accordance wth the present invention. Figure 5e is schematic showi ng of a
met hod for 25 utilizing passive radiographically yigsible markers to orient,
aimand or guide a tissue-penetrating elenent to fdﬁmran_e&téayaédyta
passageway in accordance wth the present inventiop. Fi gure-Ba' ~shows,.a 400
first type of radiographic 30 markers which naﬁ'ﬁéTinlized'in accor-dahce™
with Figure Se. Figure 5e'' shows a secongygype of radiographic markers

whi ch nmay be utilized in accordance with Figure 5e. 35 Figure 5e' "’

shows a thi rdthgpgu%flertacagafm C798) kaha Whe lspPingemeghbeizedoiz) of
accordance wth Figure 5e. Féﬁu§g&if Is a schematic show ng Qf a nethod for
I .

-17- utilizi n§h&n2BPAFaLYs; 8 sPBFEMEBRERSES LI/ Jali §rCRIF G )gui de
a tissue peneffat itdd tlen@stablyodiiradted pressure being applied by

the distal tip of the guide wire GW against the adjacent
5 tissue.

' Figure 10c’’‘ shows that, when the distal tip of the
tissue penetrating element 102 has emerged into the lumen
of a blood vessel or other open area, the guide wire GW
will immediately advance out of the guide wire outlet

10 aperture 728, thereby allowing the spring members 802 of
the apparatus 800 to once again assume their relaxed
(e.g., shortened) configuration. This abrupt advancement
of the guide wire and relaxation of the spring members
802 will signal to the operator, that the tissue-

15 penetrating element 102 has arrived within the lumen of
the blood vessel or other open space, and that further
advancement of the tissue-penetrating element 102 should
be ceased.

As stated hereabove it shall be appreciated and

20 understood that the pressure-exerting apparatus described
and shown in Figures 10c’-10c’’’ is optional and need not
necessarily be included within the catheter device 100p.
M&reover, it shall be understood and appreciated that

nl continuous or intermittent urging of the guide wire GW in

25 the distal direction and may be accomplished manually
(i.e., by hand) without the need for the use of any
apparatus.

Figures 11a-11d show the manner in which the
preferred passageway-forming catheter and system 100p may

30 be modified to accommodate the specific type of tissue-
penetrating element 102f shown in Figure 7f and described
hereabove. This particular tissue penetrating element is
made up of an inner puncturing member 322 and a
longitudinally advanceable outer sheath 326.

35 Figures 1lla-11d show a modified preferred catheter
device 100p’ which, like the above-described embodiment
of the catheter device 100p, comprises a flexible
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extravascul ar passageway in accordance with the present |nvent|on

Figure 5f' is a perspective view of the ultr bter nzar-ker
shown in figure 5f. Figure 59 is a schematic view %(Sf/(s) st n‘g
magneti c resonance inmaging (MRI) to orient Ui T A 1

ti ssue-penetrating elenent to forman ext ravasgwgrﬁ !'fgpgsrs‘ageway I‘rOV 996
accordance with the present invention. F-gere 59° is a perspective view of

a first enmbodi nent of a marker visible by magnetic resonance imagi ng (MRl)
to facilitat ecatherént i bodyai Mo@ ahdvdngguiadantemeh amiZSStmrtpeu@imgti ng

O oent | oo gagledayn 1o R AR 24P B D1 BEE 0788 Havd
nt SR, pers od| nment

present inven dective view of secon

of a marker v:usm@te diwlnagnétlﬂc femﬁdnc@ﬁmi%ll(wﬂ%nd oahacinaging
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form an extravas passageway i n_accordance with the, present invention.

Fi gure 5hSis @M@?%G‘Sh hiRg 8iln@f¢high are described in detail
hereabove.

In this embodiment of the catheter device 100p‘’, the
handpiece 706 is modified to incorporate first and second
actuator buttons 710a, 710b. The first actuator button

10 710a is connected to the pre-bent resilient inner member
322 having the sharpened trocar tip 324 on the distal end
thereof. The second actuator button 710b is connected to
the tapered pliable sheath 326 which is longitudinally
advanceable over the inner member 322, in the manner

15 described in detail hereabove with reference to Figure
7f. Thus, in this modified embodiment of the catheter
device 100p’, the inner member 322 and surrounding sheath
326 may be independently advanced and retracted utilizing
actuator button 710a, 710b.

20 It will be appreciated that, when the inner member
326 is devoid any guide wire lumen, it will be optional
to apply continuous or intermittent distally directed
pressure to the outer sheath 326 to accomplish the same

et lumsn-penetration-signaling function described hereabove

25 with reference to Figures 10c’-10c’’’. Accordingly, the
constant or intermittent pressure spring apparatus 800
may be attached to the sheath 326 in this embodiment of
the catheter device 100p’ so as to continuously urge the
sheet 326 in the distal direction, in the same manner

30 described in the guide wire GW in Figures 10c’-10c’‘’’, or
such may e accomplished (if desired) by manual technique.

The catheter devices 100 and other devices and
apparatus described herein may be combined in various
ways to form unique systems for performing the methods of

35 the present invention. The systems described herein
should be understood to be combinations of one or more of
the various itemized functional components described.



utili.zing a doppler apparatus to facilitate ori enta nd/or
gui dance of a tissue penetrating elenment to forman Q?ﬂsfwsaﬁjlﬁa/]f L. u
passageway in accordance with the present invention. Figure 5i is a
schemati c showi ng of nmeans for a pressure se to
orientation, 30 aimng and/or guidance of iﬂmﬁ@cﬁlm ﬁgr‘éﬁgg&
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5 that sufficiently accomplish the stated objectives. Such
sysi:ems may include a catheter body dimensioned to fit
within a blood vessel and advanceable to a location which
is in proximity to an extravascular target or neighboring

vascular target. The catheter can further be combined in

10 some way with one or more of the described active or

passive orientation means to assist 1in the proper

positioning of the catheter in the blood vessel with

respect to the target. Further, the catheter may

incorporate at least one of the tissue-penetrating.

15 elements such that a passageway may be formed from the

blood vessel to the target. The system may also

incorporate a guide wire dimensioned to be inserted into

the passageway, and introducible through the catheter

such that it may enter the passageway and provide a rail

20 to the target. The system may also incorporate the

placement of one or more of the devices that are

positionable or insertable into the passageway over the

T guide wire, such as channel sizing and maintenance means

or other devices for accomplishing a therapeutic or

25 diagnostic end-point. Also, the systems may include one

or more of the various blood vessel blocking means such

that a blood vessel in operative association with an

extravascular passageway of the present invention may be
blocked or occluded to allow the re-routing of blood.

30 vi. Operation of the Preferred Embodiments of the
Passageway—Forming Catheter and System

Figures 12a-12d provide a step-by-step showing of
the preferred method of using the first embodiment of the
tissue-penetrating catheter device and system 100p shown

35 1in Figures 10-10c’’’.

Figures 13a-13b provide a step-by-step showing of

the preferred method of using the second embodiment of
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Qﬁgrailng catheter of the present invention, show ng

sokgﬁgggf@fng ‘of the tissue-penetrating el enent fronlthe
gure 6d is wltmaspnicliimagbegtappatratiuew of a portion of a

r o tissue- peRdld LMt ShpQfatus;
radiographic imaging apparatus;
magnetic resonance imaging apparatus;
electromagnetic imaging apparatus; and,
possible combinations thereof.

85. The system of Claim 84 wherein said apparatus
is an imaging catheter which is separate from said
passageway forming froming catheter.

86. The system of Claim 85 wherein the passageway-
forming catheter device further comprises a side car
apparatus connected to at least a distal portion of the
flexible catheter body, said side car apparatus being
configured to receive the imaging catheter therewithin,
such that the imaging catheter may be utilized to observe
the passage of the tissue-penetrating element from the
firét location on the catheter body; and,

said imaging catheter being positioned at least
partially within said side car apparatus.

87. {(Amended) The system of Claim 84 wherein said
side car apparatus is formed of a material which is at
least partially and permeable to the energy utilized by
the imaging catheter, and wherein said side car apparatus
further comprises:

a window formed in said side car apparatus
.immediately adjacent said first location on the
catheter body to permit said imaging catheter to
observe -the- passage of the tissue-penetrating
element out of the first location on the catheter
body and through the wall of the blood vessel in
which the catheter body is positioned; and,
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25 the'present I nvention, showing a fourth neans for exiting of thedajb

ti ssue- penetratl t he catheter. Abé_ e
vi ew t hrough o ‘1 MH of the catheter %ﬁm \%6 gure 6d
Figure 6e is a tlonal view of a 30 £f;?n&ga% \‘G
transvascul ar tlssue penetrat| ng cathete gt_ 1%“&% n oHV ¥ ovm ng
a fifth means for exiting of the tissue-éé et i'ng el ement fromthe
catheter. Figure 6f is a| it udi ectional _view of rtion af, a
transvascul ar tissue- peﬁ%’t‘fd‘?‘\ nci ﬁ&fx@%egfﬂggngtﬁ%c$ %@é’%{oﬂf’rﬂ/éﬁ:‘l%n
showi ng a si xt h nesinde foar eadtjacgnsf sdigtwtsdewpgmﬁasutmglémétemhéron1
the catheter. R BBskivadl Qg Eﬁg?gfimffﬁgo%@th\ét%‘% Of o2 djd | ON Of

a transvascul ar tiSsue- penetrating cat resent invention,
showi ng a sevent h whdls Jf%rOIESGIW%gl%ft@W?hs§eédp'éhé@%lt-| ng el enent from

the 5 catfeter. Figgire Glindrided ) Orgd tapstanh sectiaial syl GHeeid said
passageway-forming catheter device is torqueable such
that said catheter device may be volitionally rotated
until the imagin§ catheter is able to view the target
area through said window, thereby ensuring that the first
10 location on the catheter body is in the correct
rotational position prior to passage of the tissue-
penetrating element out of the first location on said
catheter body.
89. (Amended) The system comprising the catheter_
15 device of Claim 58 wherein the tissue-penetrating element
comprises an elongate member having guide wire lumen
extending longitudinally therethrough such that a guide
wire may be advanced through said lumen upon formation of
said extravascular passageway by said tissue-penetrating
20 element, said system comprising:
) said catheter device of Claim 58 further in
combination with an elongate flexible guide wire
T . which is passable through said quide wire lumen of
said tissue-penetrating element.
25 90. (Amended) A longitudinal compression apparatus
) useable to longitudinally compress tissue surrounding
openings formed in first and second tubular anatomical
conduits having lumens, wherein said first and second
tubular anatomical conduits are 1in side-to-side
30 Jjuxtaposition to one another such that said openings are
in alignment with one another, said longitudinal
compression apparatus comprising:
a first portion positionable in abutment with
the lumenal surface of the first tubular anatomical
35 conduit surrounding the opening therein;
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portion of a transvascular tissue-penetrating catheter of the present -

i nvention, showing a eighth neans for exiting of the ti ssue-p;a at I

el ement fromth f‘mm“lmmmm Figure 6i is ajl-ofigit ud‘lfrfail ga}
view of a portlam\ l'ar tissue-penetrating.eatheter of Lhe . “m
present invention* showi nd a’ninth meansibor eXI.tl ng of the VA N 30

ti ssue-penetrating el ement fromthe catheter. Figure 7a is a |ongitudi naI
sectional view of a 15 a diextcald porttiiom pbstitdohiatdte dmbebutmentowikht i ssue-

penetrating el enent d thet %ﬁé{g

a cross sectional \tﬂ u@’ﬁ% oug%{l??ﬁg%gf {}ge I%{:)ef th'i%;gy ggatghﬁ‘éraﬁ_. I gur eI
7b is a |ongitudi candEdt suEtoundingithe mm&inﬁofemﬁdothehelaecond
enbodi ment of a tissue- éy"get ERL %&k@é@m?l @ﬁqyoggggge ad hskbe e esent

invention. Figure 7c is ongi tud| nal sectfonal view of a 25  distal

portion of the thlBQ}’feirﬁftﬁil kenteash aO0theTue-SHest iR i F\Bngéf‘b‘ﬁéﬁtalhi’n
accordance Wi th tdyhprdsisethel WESEhONwhich surrounds the aligned

openings of the first and second anatomical conduits

and any extravascular tissue interposed
therebetween.
10 91. (Amended) The longitudinal compression

apparatus of Claim 90 wherein said first and second

portions comprise annular members positionable in
abutment with said lumenal surfaces.

92. (Amended) The longitudinal compression

15 apparatus of Claim 90 wherein first and second portions-

comprise opposite ends of elongate wire members formed in

a cylindrical array and extending through said first and

second openings, said opposite ends of said wire members

being outwardly bent so as to abut against and engage the

20 lumenal surfaces of said first and second anatomical

conduits.
93. (Amended) The longitudinal compression
— apparatus of Claim 92 wherein said wire members are pre-

bent resilient wire members which, when positioned within
25 said first and second openings and relieved of external
constraint, will assume said bent configuration.

94, (Amended) The longitudinal ° compression
apparatus of Claim 92 wherein said wire members are
plastically deformable, and wherein said device further

30 comprises a pressure—exerting tool which is operative to
bend the opposite ends of said wire members after said
wire members have been positioned within said first and
second openings.

95. (New) A catheter device insertable into a blood

35 vessel and useable to form an extravascular passageway
which extends through the wall of the blood vessel in
which the <catheter device 1is inserted, to an

This Sheet Has Been Re ‘i
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and a distal end;

a tissue-penetrating element passable out of a
first location on the catheter body to form said
extravascular passageway;

said tissue penetrating element comprising an
elongate member having a guidewire lumen extending
longitudinally therethrough such that a guidewire
may be advanced through said guidewire lumen upon
formation of said extravascular passageway by said
tissue-penetrating element.

96. (New) A system comprising the catheter device of
Claim 95 in combination with:

a guidewire which is passable through said
guidewire lumen.

97. (New) The device of Claim 95 wherein said first
location is an outlet aperture formed in the distal end
of said catheter body and said tissue penetrating element
is passable out of said outlet aperture, and wherein said
tissue-penetrating element is adapted to bend in a first
direction as it passes out of said outlet aperture formed
in the distal end of said catheter body, to thereby
penetrate the wall of the blood vessel in which the
catheter has been inserted.

98. (New) The device of Claim 95 wherein said first
location is an outlet aperture formed in the side wall of
the catheter body, and wherein said tissue-penetrating
element, when passed out of said outlet aperture located
in the side wall of said catheter body will penetrate
through the wall of the blood vessel into which the
catheter has been inserted.

99. (New) The'ﬂa;§ice of Claim 95 wherein said
tissue-penetrating element comprises an elongate, pliable
needle having a sharp distal tip and a pre-bent resilient
spine member positioned therewithin, said spine member

_ ddre tédgete’ 16takion e gaidFi gatietér' devidess
view through an alternative enbodi ment of the device shown in
STy a hol | ow tube having a solid stylet positioned
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di stal portion of the sixth enbodi nent of a tissue- penetrating elenent in

accordance with the present 10 invention. Figure 7f' .is_a perspective W ew.

of the trocar- tipped, Il which forms a msao h

ti ssue-penetrating el em mgmmmﬂjﬂmure 7f . Fi gurepgT Igohg?tlaér%ﬁ}
sectional view of a 15 disfall pottison*of -if@_se\t‘ﬁﬁg gnipderrent: ofva.,, ..,
ti ssue- penetrating elenent in accordance wth pé?e‘n‘tf'hi-nvént'i oney ¥ W is

Figure 7h is BeiRBObpudhRIveseet ictitle WM Yl Falsli St AbedDE£OMBEAAL KR
ei ght h enbodi rrené ?t a tissue- .20 penetrating element in accordance wth
the present PRYEntiBAT BAEEFEIPR-is a Iongitudinal sectional view of a

di stal portion of fbe.ni(Néwenih@d ngevicé »fi €iudm pesewhridgih esafant in
sccordance | DebUE-BEEBErhs R SIS RALS e, RORIL' YELEE,
penetrati g etempnises:accordance with the present
' i) a pliable proximal shaft having a distal
end, and
ii) a sharpened tip member formed of rigid
material and mounted on the distal end of said

10 pliable proximal shaft.

101. (New) The device of Claim 95 wherein said
tissue-penetrating element comprises a resilient, pre-
bent member having a sharpened distal tip.

102. (New) The device of Claim 101 wherein said._

15 needle is formed of a material which is superelastic when
inserted within the mammalian body.

103. (New) The device of Claim 101 wherein said
super elastic material is a nickel-titanium alloy.

104. (New) The device of Claim 101 wherein said pre-

20 Dbent resilient member is a hollow needle having a hollow
lumen extending longitudinally therethrough.

' -105. (New) The device of Claim 101 wherein said pre~
bent resilient member is a solid needle.

106. (New) The device of Claim 95 wherein said

25 tissue-penetrating element comprises an elongate member
having a trocar tip formed on the distal end thereof, in
combination with a tubular sheath disposed around said
needle member and longitudinally moveable relative to
said needle member.

30 107. (New) The device of Claim 95 wherein said
tissue-penetrating element comprises said elongate member
having an energy-emitting distal tip formed thereon, said
energy-emitting distal tip being operative to emit energy
which will facilitate penetration of said tissue-

35 penetrating element through tissue.

108. (New) The device of Claim 95 wherein the
energy-emitting distal tip on said tissue-penetrating
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a resistance-heated tip;

a monopolar electrocautery tip;

a bipolar electrocautery tip;

an ultrasound-emitting tip member; and,
possible combinations thereof.

109. (New) The device of Claim 95 wherein said
tissue-penetrating element comprises said elongate member
having a distal end with a rotating tissue-severing
apparatus formed thereon.

110. (New) The device of Claim 95 wherein said
tissue penetrating element comprises said elongate member

i stal

|ng99 fet |lp83

5the

Wi th
Vi ew

in combination with a flow of energy emittable from said_

elongate member to assist said elongate member in
penetrating through tissue.

111. (New) The device of Claim 95 wherein said flow
of energy is selected from the group of energy types
consisting of;

laser light; This Sheet Has Been R

e [T

ultrasound; and,
possible combinations thereof.

112. (New) The device of Claim 95 *herein said
tissue-penetrating element comprises said elongate member
having a suction 1lumen extending longitudinally
therethrough, said suction lumen being connectable to a
source of negative pressure so as to draw tissue into
said suction lumen through the distal end of said
elongate member.

. 113. (New) The device of Claim 95 wherein said
tissue-penetrating element comprises:
a pre-bent resilient, tubular sheath having an
open distal end; and,
said elongate member having a sharpened distal
tip, said elongate member being disposed within said
tubular sheath and advanceable therethrough, such
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Fi gure 89 IS a longlitudin sect
pre—bent configuration of the tubular sheath.

114. (New) The device of Claim 95 further
comprising:

a side car apparatus connected to at least a
distal portion of the flexible catheter body, said
side car apparatus being configured to received
therewithin an imaging catheter such that the
imaging catheter may be utilized to observe passage
of the tissue-penetrating element out of the first
location on the catheter body.

115. (New) The device of Claim 114 wherein said side
car is formed of a material which is at least partially
impermeable to the energy utilized by the imaging device,
and wherein said side car further comprises:

a window formed in said side car immediately
adjacent said first location on the catheter body to
_bermit said imaging device to observe the passage of
said tissue-penetrating element out of said first
location on the catheter body and through the wall
of the blood vessel in which the catheter is
positioned.

116. (New) The device of Claim 115 wherein said
window is positioned in alignment with the direction in
which said tissue-penetrating element will pass during
creation of said extravascular passageway; _

said window thereby comprising at least a
_portion of sid orientation means, the orientation of
the first location on said catheter body being
thereby controllable by rotating the catheter device
until an imaging apparatus positioned within the
side car is able to view the target area into which
the passageway is to be formed, thereby ensuring
that the catheter device is in proper rotational

tus for nodifying an 15 interstitial
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30 seventh enbodi ment of,.an apparatus for nodifying an interstitial
passageway forned in acc enge M th the present inwenkion. Flgure 8h.is a
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arteriovenous paskbyewdNewy nBtiei ndaviocedamfe Qlidimt 98 wherein the
catheter body is formed of a flexible plastic material,
5 and wherein a rigid tubular reinforcement member is
disposed about a portion of the lumen of said catheter
body, adjacent the outlet aperture, to prevent the
tissue-penetrating element from resting in contact with
the pliable plastic material of the catheter body when
10 the tissue-penetrating element is retracted into the
catheter body.
118. (New) The device of Claim 95 further

comprising:
a handpiece mounted on the proximal end of said
15 catheter body, said handpiece having an actuator

button which is connected to said tissue-penetrating
element, said actuator button being advanceable in
a first direction to advance said tissue-penetrating
element out of said outlet aperture, and retractable

20 in a second direction to retract said tissue-
.benetrating element into the lumen of said catheter
body.

_ " 119. (New) The device of Claim 95 further
comprising:

25 orientation means for determining at least the

rotational orientation of the catheter body to
facilitate proper positioning of the first location
on the catheter body such that subsequent passage of
the tissue-penetrating element from the catheter
30 body will form said extravascular passageway between
said blood vessel and said intracorporeal target
location.
120. (New) A system comprising the passageway-
forming catheter device of Claim 119 further in
35 combination with:
an imaging apparatus which is usable in
conjunction with said orientation means to further
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present.invention. Figure 9a' is an exploded perspective view of the device
shown in Figure-9a:~"Figure

9b jsman el evational view of a second 15
enbodi nent of a deyj m&\!&\“\ong! tudinal 'y conpress '_an"__ arteriovenous
bl ood fl ow passagkm\\\‘\ HalCe with the present inventioni Figure- 9b,
Is a partial |ongi knat sBctional view of deyi ce.0f & gure 9b nount ed
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device of Figure 9b partially ejected fromits delivery catheter. Figure
9b' "' is a persperidieivatay afhe hprapeircepesitioniagdbof uline ejfaqidd from
Its delivery catheter.. 25 ‘FLgure, 9 LS an elevational view of a
third enbodi nent h]tﬁrf""adt"'tf’éi‘/i(f:'m’e ‘i&%b‘f%%%t?ﬁrcﬁ??ﬁdi nal ly conpress an
arteriovenous bl dai f| ¢Nepas Sigevaystemacdordhaim W20h whereinseadid
dovi ce usaprdHTE aRdain G 1IE s llte st e th, BkCUEblp B TG, '
passageway iappeadrumresnsisting of:

ultrasonic imaging apparatus;

Doppler imaging apparatus;

radiographic imaging apparatus;

magnetic resonance imaging apparatus;
10 electromagnetic imaging apparatus; and,

possible combinations thereof.

122, (New) The system of Claim 121 wherein said
imaging apparatus is located on an imaging catheter which
is separate from said passageway-forming catheter. )

15 123. (New) The system of Claim 122 wherein the
passageway-forming catheter device further comprises a
side car apparatus connected to at least a distal portion
of the flexible catheter body, said side car apparatus
being configured to receive the imaging catheter
20 therewithin, such that the imaging catheter may be
utili-zed to observe the passage of the tissue-penetrating
element from the first location on the catheter body;
and,
said imaging catheter being positioned at least
25 partially within said side car apparatus.

124. (New) The system of Claim 121 wherein said
side car apparatus is formed of a material which is at
least partially and permeable to the energy utilized by
the imaging catheter, and wherein said side car apparatus

30 further comprises:
a window formed in said side car apparatus

'i'mmediately adjacent said first location on the

catheter body to permit said imaging catheter to
observe the passage of the tissue-penetrating
35 element out of the first location on the catheter
body and through the wall of the blood vessel in

T

which the catheter body is positioned; and,



the present invention. Figure 9e is an elevational view of a fifth

enbodi nent of a devi-ce-usable to longitudinally conpress 35  an- rz

arteriovenous blood flo in accordance with the present ™

i nventi on. - 23 mgﬂil"mmel evational view of a si xtg ngrrbodi ment
of a devi ce usabl e Isnakly corrpres % u I
passageway in ac'cordance with the pres jm%’u C'F‘PT@ Fi gd?@%ﬁgggs

a partial longitudinal sectional view o the devi ce of Figure 9f nounted

within a delivery cathelfd ifdfHE c¥thetlet BeRRESPEELEYE Wi@ﬂ‘iﬁ?fséﬂf devi ce
of Figure 9f as it is nmounted Wthin its delivery catheter. Fi gure

of """ is a |ongi tiANaFasedIgRENt iR D WLREOHe B AT LR é&%}@ft%rt ially
depl oyed out of iftiselde! bpseyved: Ngf esaid imaging catheter to that

which is observable through said window.

S 125. (New) The system of Claim 124 wherein said
passageway-forming catheter device is torqueable such
that said catheter device may be volitionally rotated
until the imaging catheter is able to view the target
area through said window, thereby ensuring that the first

10 location on the catheter body is in the correct
rotational position prior to passage of the tissue-
penetrating element out of the first location on said
catheter body.
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Figure 9f"'' is a cross sectional view of the device of Figure 9f fully
depl oyed out of its delivery 15 catheter. Figure..10a is a perspective view
of a first enbodinment of a transvascular tissue-penetrating cat heter deV| ce

of the present invention. Figure 10b is a Ion uds w
through 20 I|ine 10b-10b of Figure 10. Fi gur g?"&f[gm trerdi P&dﬁ
sectional view through |line 10c of Fi;g?'é 10a. Figure 10d is a cross
sectional view through |ine 10d-10d %gure 10a. 25 Figure 10c' is
a schematic view of an optional guide w re/sheath urging apparatus which

may be incorporated into any enbodi nent of the transvascul ar tissue-

penetrating catheter of the present i nvent . Figure 10c'' is a schematic
showi ng of the a at US?QZ of 2 re. as the tissue-penetrating
el enent of the %ﬁfﬁ% evi ce i/ Z?Sé rat| g through tlswgygzmc' t
Is a schemati ¢ show ng of |ce gure 10c after t ’
ti ssue-penetrating el e _ / 304 204t
P I et aner 4 1 T T T /
e - Q‘KSO‘L 3oz
w A S < z 2.z 2 Z 2 \
—— 7& s loz-a-
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penetrated through tissue and into a vascular lunmen or 35 open cavity.
Figure 1la is a |ongitudinal section view through-the handpi gce €onporent

- of a second enbodi nent of a -24- transvascul ar tissue-penetratingr O
catheter device of the present invention. Figure 11b is WP riial

| ongi tudi nal sectional view through a distal am‘q ﬁ BPRTChe sqcor}‘(ji"‘"; 9§
enbodi nent of the 5 transvascul ar tissue- g* c?itheter devi ce ? he
present invention. Figure 11c is a | 3di2 d| nal section show ng of the
device of Figure 11b during a first stage of a tissue- penetrating

procedure. 10 Figure 11lc is a longitudinal section showi ng of the
device of Figure 11b during_a second stag a ti-ggue- penetratl ng
procedure. Figure lﬁj a.g? Iarged | o f‘% é’nal ct+~oQ‘aI \
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vi ew of ségrrent lid of Figure 1l1lc. 15 Det ai | ed 1 0t og]gfie( e Rt
Preferred Enbodi mnents The followi ng detail ed descrip et/ and t r V\i'n‘gﬁJ
to which it refers are provided for the purpose of describing certain

presently preferred enbodi nents of the present invention onléﬁéq‘dﬂare not
i

intended to linit the 20 scope of the inventionsj%m:g?g[ 6., NIQIVS]SSB

to be appreciated that the detail ed description es set fort

her ebel ow are provi ded as nere exanpl illustrations of certain ways in
which the invention may be utilized or practiced. These exanpl es
and 25 illustrations are not intended to provide an exhaustive description

of all possi bl %.eurbo_ Lments an xanpl es of the invention t, rather, are
illustrative Gt pot d'f’ga pl i cations to which tB& ¢ nvepti %{oe
applied. 30 A. The Mt hods ‘ @VB\SCUI af

Met hods Broadl yy W R et

i nventi on provi Sk 1 %’v
t hrough whi ch P! ;"'::ﬁ,?s,' !
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35 fromor into at |east one blood vessel. In no S, 0 iTh
fl ows through the passageway will| preferably havzpmg‘er r?hﬁf&(@d%\/\e}

about 50. -25- In sone instances the extravascul ag, passagenay S); ~l @e%
be used for bypassing an obstructed, injured o‘m@ ¢-af.fect ed- é%g
of an artery. In sone enbodi nents of the Invention, only a primary

bl ood flow 5 passageway (e.g., a pamﬂg?y fromthe artery upstream of the
obstruction) will be fornmed between structed injured or .

di sease-affected artery (or another uninpaired artery or a blood-filled
anatom cal structure such as a chanber of the heart), and a vein thereby

permtting 10 arterial blood - will then be permtted to flowin the
retrograd &Iéem'? throu pothe vein, so as to retroprofuse tissues
vasc ure .I'n other enbodi ments of the invention, one

t hrough the ver;ua

or nore S bI ood flow passageways wi |

jz;a-Lso P&forrred bet ween t he
zg. (74




) 96 4304 wfOS
15 obstruct ed_ artery_and .the vein, downstreamof _fhe ObStl’uCLl on

¥Such that arterial blood which has entered the | RABRAGE NG Wi i3 hr &igh

the primary bl l y(s) may sub$efuenthyientmnior.. Jo-Bntdr e
| unen of the aﬁ)ﬂmg lﬂmﬁﬁrE of the obstr ycHi©nini2D t}heﬁéﬁ’ﬁ? tpegsfvégtng
ti ssues through*thé remal nihg (e.g., unobstr ycheih wporti o -off .1he paged ..

obstructed artery. Al though the anatom 3@% ORY g pr OVi dedjl n (i ‘ggéé@g"la
and | b are specific to the coronary vas at

B

ire, it is to be appreC|ated
that the nmethods of the present 25 inventio EEM. eﬁa Lpd_toqghpod
vessel s t hroughout the body and are not neces k3

of obst r Ut edhedevnani/Claim ¢2 where{rethg epergrr@mﬁtgng distal tip m selestad fragg thergroup
aorta-iliac.r etc.). Wth reference to the drawi ngs, Figures |a and
Ib 30 prd g?ﬁggﬂgnalled showi ngs of the nornmal vascul ar anatony of a hunan
heart wherei g regdtaitBéaRiiipl i €S are substantially parallel and adjacent to
coronary veins. The specific anatomical structures shown in Figures la, Ib
and | e are | aadnogolanclacttenattenctipwi th the foll owing 35 | egend:

a bipolar electrocautery tip;

a laser emitting tip;
an ultrasound-emitting tip; and,

possible combinations thereof.
14. The device of claim 1 wherein the tissue penetrating element comprises an elongate
member having a distal end and a rotating tissue-severing apparatus associated with its distal

end.

15. The device of Claim 1 wherein said tissue-penetrating element comprises a flow of

energy.

16. The device of Claim 15 wherein said flow of energy is selected from the group of energy

types consisting of}
laser light;
heat: REPLACEMENT SHEET
ultrasound; and, 12 AUs 1999
possible combinations thereof.

17. The device of Claim 1 wherein the tissue penetrating element comprises an elongate
member that has a lumen extending longitudinally therethrough, said lumen being connectable to
a source of negative pressure 80 as to draw tissue into said lumen of the tissue penetrating

element.



AT : e Aorta Al V
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: . oo “‘ ‘\ex Artery
5 IvVC ... . . . Inferior Vena m ‘m Left
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. . . Pulrmonary Arte?@ PV . .
PuI rronary Ve| n 10 TA . oo Tunr ca Advent | t | a TM

: Tunr ca I\/bdra TI .
Tuni ca | @2i n&hedawice of Claim 1 wherein the tissue p@l@mngalemeatcmmeﬁrgdpgae 1c-1d

Iololstj ftg? ;[rxg b Sﬁr’ec'sfeh%w ai G 'fo nne%fm%l?e cawe%er%mels,esgltd caﬁte%er} 8y being ‘taorrxenleg an

of a flexible plastic material, and wherein a rigid tubular reinforcement member is disposed
about a portion of said lumen to prevent the tissue-penetrating element from penetrating into
the plastic material of the catheter body when the tissue-penetrating element is retracted into
the catheter body.

23. The device of Claim 1 wherein said tissue penetrating element comprises an elongate

member and wherein the catheter device further comprises:

a handpiece mounted on the proximal end of said catheter body, said handpiece having an
actuator that is moveable to a first position to advance said tissue penetrating member out of
said catheter body and retractable o a second position to retract said tissue-penetrating member
into the catheter body.

24. A catheter device according Claim 1 further comprising:

an imaging apparatus which is usable in conjunction with the orientation element to
facilitate aiming of the tissue penetrating element such that the tissue penetrating element will
penetrate to the target location.

25. The device of Claim 24 wherein said imaging apparatus is selected from the group
consisting of’
ultrasonic imaging apparatus;
Doppler imaging apparatus;
radiographic imaging apparatus;
magnetic resonance imaging apparatus;
electromagnetic imaging apparatus; and,

possible combinations thereof.




| ocated within a coronary artery |ocated on the left anterior aspect of the
‘heart. As shown, the obstructed coronary artery CA is |ocated adjacent, and
generally parallel to, a coronary vein CV. A first blood flow 20 _
passageway 10a is formed between the coronary artery CA and the adjacent

coronary vein CV, at a location upstream of the artejlj ] EB
Al so, in the show ng of Figure 1lc, an oplt '7onal seconéll““ﬁﬂﬂl“ﬂﬂl“)gm geway
10b has been fornmed between the | unmen of t'he coronary weicn &€V 25 $ arfd t he

| umen of the coronary artery CA, at a |location downstream of the
obstruction OB. Al so, in these figures, optional enbolization nenbers
12a, 12b 26.e Eheodavicewfi(Haim Ifcwhergin said dmaging appardtus isamimaging titbetenr onar y
vein CV at sites proximal of the first blood flow passageway 30 10a, and
di stal of the optional second bl ood flow passageway 10b. These opti onal

enbol | zat ben TR RSHcett Clfim! 25 fMiHheiCoonfising A4ide hoBling IcitedUn R Toalfy GittaPN! ©F S

the coronary artery roug irst b | ow passageway 10a,
t hr ough aperignmefithedlexibleecatititerdedy, ald imagingrcathgtey being @éeivad avithir saidydide he
I fl 10b that {h terial blood t th
second b ggtgsing dou\{'vmg %?)eszraag(en\(\%}( the cath%t%g Heviceamc theat %Ee ixenralgi%g cathgt%r nfa?%@ u%{izsed toe
observe the wall of the blood vessel in which the catheter is positioned relative to said target

location.

28. Catheter device that is positionable in a blood vessel and useable to penetrate through the
wall of the blood vessel in which that catheter device is positioned and to a target location, said
catheter device comprising:

a flexible catheter body having a proximal end and a distal end;

a fissue-penetrating element;

an orientation element for determining at least the rotational orientation of the catheter
body;

an imaging apparatus that is useable in conjunction with the orientation element to
facilitate aiming of the tissue penetrating element such that the tissue penetrating element will
reach the target location; and,

a housing located on at least a distal portion of the catheter body to house the imaging
apparatus;

wherein the imaging apparatus utilizes a form of energy to produce an image and wherein
the side housing is formed of a material that is at least partially impermeable to the energy
utilized by the imaging apparatus such that the portion of the housing that is permeable to the
energy utilized by the imaging apparatus forms a window to permit the imaging apparatus to
observe the wall of the blood vessel in which the catheter device is positioned relative to the

target location.

T —————.,
REPLACEMENT SHEET |

12 AUG 1999




| umen of the coronary artery CA, downstream of the -27- obstruction OB.
iOptional enbolization nenbers 12a, 12b may be any one or conbi nation of
devices sufficient to block or inpede flow such as-coils; henostat i C
materials such as collagen, Gelfoam or fibrin, covered stents or

franes, detachable balloons, valve structures cl ”IH!I}MHEI" wﬁu pl ugs,
etc. Further, the function served by these nenbers rrpl I shed
utilizing various nethods including |igation, welding, coagul at’i on,

ot her surgical nethods. 10 As illugjgrated in the cross sectlonal

showi ng of Figure 1d, each blood fl ow passageway 10 of the present
I nvention is essentially an interstitial tunnel which extends through the

wal | of ap arfery (su as coranary artery CA), throu the wall,  of  an
adj acent 43 nltf(e_s‘fﬁ'weﬁ %133111 2% wrein afig cobeier ggos lamwggwﬁh they said GRtheter ve
or menbr agoss thiyteAroriBhaly roBYed Gl Bfedinaging ShitERPistaBR to view the target location
through said window, thereby ensuring that the catheter body is in the correct rotational
position to cause passage of the tissue-penetrating element in the direction of said target

location.

30. The device of Claim 24 wherein the tissue-penetrating element comprises an elongate
member having guide wire lumen extending longitudinally therethrough such that a guide wire
may be advanced through said guide wire lumen after the tissue penetrating element has been
advanced to said target location said system further comprising:

an elongate flexible guide wire that is passable through said guide wire lumen of said

tissue-penetrating element.

31. A longitudinal compression apparatus useable to longitudinally compress tissue that
surrounds openings formed in first and second tubular anatomical conduits having lumens,
wherein said first and second tubular anatomical conduits are positioned adjacent one another
such that said openings are in alignment with one another, said longitudinal compression

apparatus comprising:

a first portion positionable in abutment with the lumenal surface of the first tubular
anatomical conduit surrounding the opening therein;
a second portion positionable in abutment with the lumenal surface of the second tubular
anatomical conduit surrounding the opening formed therein;
means for connecting said first and second portions to each other, so as to longitudinally
compress the tissue which surrounds the aligned openings of the first and second anatomical
conduits and any extravascular tissue interposed therebetween.
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corohary artery CA and coronary vein CV. In this manner, each bl ood flow
‘passageway 10 acts as a flow conduit between the lunens of the coronary
artery CA and coronary 20 vein CV. Figure le is a diagramof a portion of
the coronary vascul ature known as the Triangle of Brouck-Mscheau. The
Triangl e of Brouck-Mscheau is defined by the left anterior descending -.
coronary artery LAD, the circunflex 25 coronary arterﬂw'ﬁuuﬂ r
interventricular vein AlV and the great cardi ac vein, Hm [i,
Obstructions resulting from the build-up  of at'hefosk er Osl

pl ague are often found in the proximal portions of the left anterior
descending artery LAD 30 and/or the cirk@9nflex artery g:l R.t.;l'.he dtot t
revascul atj zaf,i o t hods of the present invention may be utilized to trea
such obs ?é % c ﬁl}?n E’“g&“‘i}?é FRRRTESSIONC APRIFatY OF Srlam )l Wh?réwa@/(bstam!d/seeondo

ci rcunfl Séom alduid ) ki S

bet ween mrﬁgfr;t er iregs? Ezand Vﬂ?ﬁ%ﬁﬁgﬂ@ﬁ%ﬁﬁéﬁb@ ?ﬁgb%ngﬁ@ gg&"fﬁ%@na} .
Bouck- Mbs®itfages, For exanple, if an obstruction is present in the proximal
portion of the left anterior descending artery LAD, a first bl ood

*

33.  The longitudinal compression apparatus of Claim 31 wherein first and second portions

comprise opposite ends of elongate wire members formed in a cylindrical array and extending
through said first and second openings, said opposite ends of said wire members being
outwardly bent so as to abut against and engage the lumenal surfaces of said first and second
anatomical conduits.

34. The longitudinal compression apparatus of Claim 33 wherein said wire members are
pre-bent resilient wire members that, when positioned within said first and second openings
and relieved of external constraint, will assume said bent configuration.

35. The longitudinal compression apparatus of Claim 33 wherein said wire members are
plastically deformable, and wherein said device further comprises a pressure exerting tool
which is operative to bend the opposite ends of said wire members after said wire members

have been positioned within said first and second openings.

36. A catheter device insertable into a blood vessel and useable to penetrate through the wall
of a blood vessel in which the catheter device is positioned and to a target location, said
catheter device comprising:

a flexible catheter body having a proximal end and a distal end;

an elongate tissue penetrating member passable out of a first location on the catheter
body, said tissue penetrating member having a guidewire lumen which extends therethrough to
permit a guidewire to be advanced through said tissue penetrating member.
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-28- 'fl ow passageway 10a nmay be fornmed between the great cardiac vein GCV
and the circunflex artery CIR and a second bl ood fl ow passageway 10b may be
formed between the | eft anterior descending artery-LAD and-the anterior 5
intraventricular artery AV, at a |ocation downstream of the obstruction.

A lumen bl ocki ng nenber 12 may be placed within tljﬂm ﬂ” ein GCV,
proximal to the first blood flow passageway 10a a CH L’ mnﬂumlmnterl or
interventricular vein AlV distal to the second 10 bl ood fl 8vv_ bassageway
10b such that arterial blood fromthe cijgunflex artery CIRwll flow

through the first blood fl ow passageway 10a, through the great cardiac vein
GCV, through the anterior interventricular vein AIV and into the |left

! | and he |
At or nat i 987 v BHOR cumpriie fle ceHios derion of Clsim 36 pparssic e C r curt | ex
artery CIR togufibwitt uht RsdabRhRAEH AREwHRAuRB FHE 308 e YRkt OW

member.

38. The device of Claim 36 wherein said first location is an outlet aperture formed in the
catheter body and said tissue penetrating element is passable out of said outlet aperture, and
wherein said tissue-penetrating element is adapted to bend in a first direction as it passes out of
said outlet aperture to thereby diverge laterally from said catheter body.

39. The device of Claim 36 wherein said first location is an outlet aperture formed in the side
wall of the catheter body, and wherein said tissue-penetrating element, when passed out of said
outlet aperture located in the side wall of said catheter body will penetrate through the wall of

the blood vessel into which the catheter has been inserted.

40. The device of Claim 36 wherein said tissue penetrating member comprises:
i) a flexible member having a sharp distal tip; and,
ii) a pre-bent resilient spine member associated with said flexible member to cause said

flexible member to bend in a first direction.

41. The device of Claim 36 wherein said tissue-penetrating member comprises:

1) a flexible proximal shaft having a distal end, and
ii) a sharpened distal portion formed of rigid material and mounted on the distal end of said
flexible proximal shaft.

42. The device of Calim 36 wherein said tissue-penetrating element comprises a resilient,

pre-bent member having a sharpened distal tip.

~ REPLACEMENT SHEET

12 AUG 1999




passageway 10b may be inverted, such that blood flow ng through the |eft
-anterior descending artery LADw Il flow 20 through-the_anterjor
interventricular vein AV, through the great cardiac vein GCV and into the

circunflex artery CIR, downstream of the obstructiam ﬂ W th
these exanples, it will be appreciated that the reva nummﬂ ﬂmmét hod of

the present invention may be 25 wutilized in a manner whi ¢h Bbt &i ns
arterial blood froman artery or from arl}lother source (e.g., left

vent 1cl el 390.dBABPRECHS 1 kRl B Rl KibBa QLSRR ELERY e

i n accordance w e revasculari zatron ne Fesen mverﬁion,

it will beheagivsktioned @ithid@he imbdimatilebsdycond bl ood fl ow passageway 10b nay,
in at | east sonme cases, be elimnated and arterial blood nay be provided to
t he bl ood-deprived regions of the myocardi um by retroprofusion through the

Wi o di dnepuge obCRim Y2 bihefinwld nibef Bk ool heifpnii slov. o |

nmet hod of the present invention, the extravascul ar passageway 10 may

conprise an . . o 3 .
45. The device of Claim 42 wherein said pre-bent resilient member is a hollow needle

having a hollow lumen extending longitudinally therethrough.
46. The device of Claim 42 wherein said pre-bent resilient member is a solid needle.

47. The device of Claim 36 wherein said tissue penetrating element comprises an
elongate member having a trocar tip formed on the distal end thereof, in combination with a
tubular sheath disposed around said needle member and longitudinally moveable relative to said

needle member.

48. The device of Claim 36 wherein said tissue penetrating element comprises said
elongate member having an energy-emitting distal tip formed thereon, said energy-emitting
distal tip being operative to emit energy which will facilitate penetration of said

tissue-penetrating element through tissue.

49. The device of Claim 36 wherein the energy-emitting distal tip on said tissue-penetrating
element is selected from the group of energy-emitting apparatus consisting of:

a resistance-heated tip;

a monopolar electrocautery tip;

a bipolar electrocautery tip;

a laser emitting tip;

an ultrasound-emitting tip; and,

possible combinations thereof.

TEPLACEVIENT SweeT
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-29-‘interstitial tunnel which extends froma first |location to a second

location, on the sane blood vessel. As shown in Figure 1f, a blood vessel
BV havi ng an obstruction OB forned therein may be bypassed -by - utH|2| ng a
passageway- 5 form ng catheter 100 of the present invention where

ti ssue-penetrating el enent 102 is passed through thjl“ﬂlll iﬂjl Hmlﬂ m)d
vessel upstream of the obstruction, through the adj
subsequently through the wall of the bl o vessel downstream of the

obstruction. In this 10 nanner, an interstitial passageway 10, shown in
Figure 1f', forns a bypass conduit around the obstruction OB in the blood

vessel BV50.i i The ddeide@Claim F6owhereilehd st ﬁ&wtratx@'ﬁﬂnﬁ&' comprigés a rotating tissue
| nterventional Procedures at Extravascul ar Locations I'n

addi ti on PCYSHREARPIFANS descri bed revascularlzatlon met hods, the present
I nvention al so includes nethods for perform ng various surgical or
I nterventi onal procedures

51. The device of Claim 36 wherein said tissue penetrating element comprises said
elongate member in combination with a flow of energy emittable from said elongate member to

assist said elongate member in penetrating through tissue.

52.  The device of Claim 51 wherein said flow of energy is selected from the group of energy
types consisting of:

laser light;

heat;

ultrasound; and,

possible combinations thereof.

53. The device of Claim 36 wherein said tissue-penetration element has a lumen extending
longitudinally therethrough, said lumen being connectable to a source of negative pressure so as

to draw tissue into said lumen of the tissue penetrating element.

54. The device of Claim 36 wherein the tissue penetrating element comprises:

a pre-bent resilient, tubular sheath having a lumen extending therethrough and terminating
in an open distal end; and,

said tissue penetrating member being disposed within the tumen of said tubular sheath and
advanceable therethrough, such that the distal tip of said tissue penetrating member will emerge
out of the open distal end of the sheath;

said tissue penetrating member being constructed of material which is sufficiently flexible
to conform to the pre-bent configuration of the tubular sheath.

EPLACEMENT SHE'




at extravascular locations within the body. These 20 net hods of the
‘present invention are acconplished by form ng one or nore--extravascul ar

passageways froma blood vessel to an extravascular |ocatio . gan,
ti ssue, body cavity, etc.) and subsequently passing oﬂ m u L”H ‘
procedur e- perform ng apparatus through th8 25 extrav I v | atge}[/vﬁy
to acconpli he I.r ical or interventional procedure a e
extravasc #‘arsh?eo‘iegﬁeM %’egonmnsg]gr gical or interventional t
procedur es why Glic BRUSifRSoBREd O BEEast B : e
present invention include: 30 ] %@%@@%ﬁ%@%? %Q?]
Del i very bousingdhsing econfigargd saibeusannémaging afjparatud smhﬁimﬂid mtgmk)apﬁ?ratus]may
i mpl ant ab) e dr el iver p tus (e.g., mcerospheres, etc.); [err
DenFi very ?u%:iﬁg QE?erY‘?@S?t(’W@ﬁﬁ%qawP%g’“S%mWhmﬁ thegatheter body s posttionedn of
access cat hetgy eléfyat 0L Péhelatith ALHbA%bassable out of a first location on the on the
catheter body, said tissue penetrating member having a guidewire lumen which extends
therethrough to permit a guidewire to be advanced through said tissue penetrating member.

56.  The device of Claim 55 wherein said side housing is formed of a material through which
the imaging apparatus can not receive an image and wherein the side housing further comprises:
a window formed in said housing to permit said imaging apparatus to selectively image an

area that is in alignment with the window.

57. The device of Claim 56 wherein said window is located and configured to permit the
imaging apparatus housed within said side housing to receive, through said window, an image
of the region into which the tissue penetrating member will pass when the tissue penetrating

member is advanced from said catheter body.

58. The device of Claim 36 further comprising:

at least one reinforcement member located to prevent the tissue-penetrating
member from penetrating into the catheter body when the tissue-penetrating
element is retracted into the catheter body.

59. The device of Claim 36 further comprising:

a handpiece mounted on the proximal end of said catheter body, said handpiece
having an actuator that is connected to said tissue-penetrating element, said
actuator button being moveable to a first position to cause said tissue-penetrating
member to advance out of the catheter body and retractable to a second position to

retract the tissue penetrating member into the catheter body.
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-30-* [err] | mpl antation of genetic material, cells, mcrobial or
viral vectors, etc. TEMPORARY OR PERVANENT DEPLOYI\/EI\FI' Ok DEVI CE(-S) -ferri

I mpl antation of stinmulator (electrical or physi cal

[err] | npl ant ati on of sensor; [err] | npl ant ati onu“‘“ﬂ“ﬁﬁi‘\ﬁﬂmﬂmr r
| mpl antation of transmtter, receiver or transpond

| npl ant ati on of support rrenber (e.g., stent); [err] rrrp? ant ati on of

mar ker (e.g., radiographically visi B4 mar kers, or solutions. TISSUE

RESECTI Eﬁéﬁg@& %ﬁ@gg@&gﬂj Ti ssue abl ation or destruction; 15

[err] ut ting or mL%(eg, nerve, fibers); [err]

Resecti on anstienfutioy elemeht Wheatlé e deterfini@oft 96hst the Fotationil Grienth®dr df
Dilation, stret chlngtor ot her nodification of 20 endogenous
t

tissue tdhe eatheserchaslyite Msilitatemimgng of the tissue penetrating member such that
subsequent passage of the tissue-penetrating member from the catheter body will

cause the tissue penetrating member to penetrate to said target location.

61. A system which comprises a catheter device of Claim 60 wherein said
orientation means is a marker formed on the catheter body, further in
combination with:

an imaging apparatus which is usable to concurrently image said marker to
facilitate aiming of the tissue penetrating member prior to passage of the tissue
penetrating member from the catheter body.

62. The system of claim 61 wherein said imaging apparatus is selected from the
group of imaging apparatus consisting of:

ultrasonic imaging apparatus;

Doppler imaging apparatus;
radiographic imaging apparatus;
magnetic resonance imaging apparatus;
electromagnetic imaging apparatus; and,

possible combinations thereof.

63. The system of Claim 61 wherein said imaging apparatus is located on an
imaging catheter which is separate from said catheter.

e s 1 Y
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configuration, or function. SAWMPLI NG APPLI CATI ONS [err] Sanpl i ng of
tissue (e.qg., biopsy); [err] Sanpling of solid nmatter (e.g.-
cal cul us, 25 tophi, etc.); [err] Sanpl! i-ng of fl o%e matter

(e.g., biological fluid). MON TORI NG APPLI CATI ONS [erg \‘ \‘ﬂ f
ressure, pH tenperature, oxygen 30115 satura i ssure o
d g & |abl &s Which are

di ssol ved gas, ECG EEG evoked potentials, or oth
nmeasurabl e at the target area. Figures 2-2f are prq_vj ded for the purpose of
further describing and illustrating some of the specific 35 interventional
and/ or surgical procedures which may be perfornmed in accordance with this

o) onedol TR s Ohin st sl ol (B kS
er comprises:
a side housing associated with a distal portion of the flexible catheter body,
said side housing being configured to receive the imaging catheter therewithin, such
that the imaging catheter may be utilized to observe a portion of the wall of the
blood vessel in which the catheter body is positioned relative to the target location.

65. The system of Claim 64 wherein said side housing is formed of a material
which is at least partially impermeable to the energy utilized by the imaging
catheter, and wherein said side housing further comprises:

a window to permit said imaging catheter to observe, through said window, a
portion of the wall of the blood vessel in which the catheter body is positioned
relative to the target location.

66. The system of Claim 65 wherein said passageway forming catheter device is
torqueable such that said catheter device may be volitionally rotated until the
imaging catheter is able to view the target area through said window, thereby
ensuring that the first location on the catheter body is in the correct rotational
position prior to passage of the tissue-penetrating element out of the first location
on said catheter body.




-31-cillustration of the human body wherein a passageway- form ng catheter
-apparatus 100 of the present invention has been percutaneously inserted
into a bl ood vessel (e.g., fenoral vein) and has been advanced through t he
5 vena cava, internal jugular vein and great cerehral- véTn red

| ocation adj acent the extravascul ar target area (e. &i
brain). Thereafter, a tissue-penetrating elenent%g ron1the
catheter 100 through the wall of cerebral blood vess Whereln t he
distal portion of the catheter 100 ijggl ocated and the tissue penetrating
el ement is advanced through the adjacent brain tissue to an extravascul ar
target location T within the brain. In this manner, an extravascul ar
passageway 10 has been formed fromthe 15 cerebral bl ood vessel to the
extravascul ar target location T. As necessary, the passagemay 10 which is

initiall ygef OF s;s,u@i !eﬁﬁ‘ﬁ%t r%%u ul ked,
enl ar ged or ng%fe%%t)?ﬁlag%cor a%@g%aﬁﬁh%ﬁ%&appa at us an r@gﬁsdﬁg for
passagewssfongath thembdrihaving @n stagy-emittihg distab tip SaidSdnergydemietingy didteldip n det ai |
her ebel

ereve Ovl\;emg operative to emit energy which will facilitate penetration of said tissue-

penetrating member through tissue.

89. The device of Claim 88 wherein the energy-emitting distal tip is selected from
the group consisting of:

a resistance-heated tip;

a monopolar electrocautery tip;

a bipolar electrocautery tip;

a laser emitting tip;

an uitrasound-emitting tip; and,

possible combinations thereof.

90. The device of Claim 77 wherein said tissue penetrating member comprises an
elongate member having a distal end with a rotating tissue-severing apparatus

formed thereon.

91. The device of Claim 77 wherein said tissue-penetrating member comprises an
elongate member having a lumen extending longitudinally therethrough, said lumen
being connectable to a source of negative pressure so as to draw tissue into said

lumen through the distal end of the tissue penetrating member.




Figwe 2a is an enlarged view of the target area T and the adjacent bl ood
.vessel BV into which the passageway-form ng catheter device 100 has. been
advanced. Initially, the tissue-penetrating el enent 102 of the 25

passageway-form ng catheter device 100 is advanced o mﬂfunr 100,
t hrough the wall of the bl ood vessel BV, and throughTm‘ m‘ mﬁ
| ocat ed between the bl ood vessel BV and the target area §¢. Thet S *

ti ssue-penetrating elenment 102 utilized in this application preferably 30

i ncorporates a |lumen 114 through whi]%? a secondary guide wire GNerr] nmay
be advanced into the target area T. ereafter, the tissue-penetrating

el ement 193 rEhe desice of Chixh 0 vitigkin 418 visshe Penétthting infenitRe chip eway - f or m ng
cat heter 100, |eaving the secondary guide wire G in 35 place. As shown in

Fi gure 2a, arf pedestresbent tubulacsheath haviag ap epemidisiabend; andsr t he
pre- POSi 1 0ned o SeedAlbe Watlfs ¥'shpened WResl Ul 3F Songate member being
disposed within said tubular sheath and advanceable therethrough, such that the
sharpened distal tip will emerge out of the open distal end of the sheath;
said elongate member being constructed of material which is sufficiently

flexible to conform to the pre-bent configuration of the tubular sheath.

93. The device of Claim 77 further comprising:
a side housing to house therewithin an imaging element such that the imaging
element may be utilized to observe the wall of the blood vessel in which the catheter
body is positioned relative to the target location.

94. The device of Claim 77 wherein the tissue penetrating member comprises an
elongate member disposed within a lumen formed in the catheter body, said catheter
body being formed of a flexible plastic material, and wherein a rigid tubular
reinforcement member is disposed about a portion of said lumen to prevent the
tissue-penetrating member from penetrating into the plastic material of the catheter
body when the tissue-penetrating member is retracted into the catheter body.

95. The device of Claim 77 wherein said tissue penetrating member comprises an
elongate member and wherein the catheter device further comprises:

a handpiece mounted on the proximal end of said catheter body, said
handpiece having an actuator which is moveable in a first direction to advance said
tissue-penetrating member out of said catheter body, and retractable in a second
direction to retract said tissue-penetrating member into the lumen of said catheter
body.
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-32-v GA2 such that the cannula 103 extends through the vascul ature, through
the extravascul ar passageway 10 fornmed by the tissue-penetrating el enent
102 and into the target area T. This access cannula may then be utilized 5
as a conduit for introduction of drugs, inplant at i on of "devi ces; sarrpl i ng,

noni toring, deployment of surgical apparatus or
accordance with the nethods for perfor m ng surgi ca mmﬁ m@ H&f
procedures at extravascular |ocations, describe Fi gures

2b-2f illustrate specific exanples ghot he types of extravascul ar surgi cal
or interventional procedures which nmay be perfornmed in accordance with this
aspect of the invention. 15 Wth reference to Figure 2b, a

subcut aneous port apparatus 105 nay be nounted on the proximl end of the
access cannula 103, and may be utili zed for t he inj ection or wthdrawal of

fl owabl e bs er( & E%{Hﬂ fluids
r adi ogr ap A% coﬁ%t?ras a&i’o aﬁ%l ons, ceI I S, genetic %t%‘yiug?g,m%ri crobi al

or viral apparams.

97. The device of Claim 96 wherein said imaging apparatus is selected from the
group consisting of:

ultrasonic imaging apparatus;

Doppler imaging apparatus;

radiographic imaging apparatus;

magnetic resonance imaging apparatus;

electromagnetic imaging apparatus; and,

possible combinations thereof.

98. The device of Claim 97 wherein said imaging apparatus is an imaging
catheter.

99. The device of Claim 77 wherein the tissue-penetrating member comprises an
elongate member having a guide wire lumen extending longitudinally therethrough
such that a guide wire may be advanced through said guide wire lumen after the
tissue penetrating member has been advanced to said target location.

100. The device of Claim 99 further comprising:
an elongate flexible guide wire which is passable through said guide wire

lumen of said tissue-penetrating member.
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setc. ) through thelaccess cannula 103, and into the target area T.

1d cannula—_103 umy be utilized to acconplish

I

vectors,

periodic nonitoring of pregsure or other condi s at the target 25 area
T (e.g., by filling the cahnula 103 with fluid Pt - Deedd IfOS
connected to a pressure trfansducer into the port apparat us X reading
of pressure at target area T nay be obt ai n%g% Thus ye 2b
illustrates th ner "'W‘%Mb 103 havi ng

a subcutn

> 'Tyorms mﬂe&ﬁow&ﬂmb RESER ﬁ%pmb&csr{mw&dﬁ@xw (PCT)

conti i aveT—aqT owaor et trer— Rt or-rromthe

area | S§F the types @WWF’WWWW&y bé”?r Qéé

by re)eatéédlBllmm ons of drugs to g 4&¥5 (“g ﬁo‘:.&?&b%&ﬁo%tmér ea T; Wt Bi 7ol
body include Parkinsons disease piliepsy vinertension tunors

depre$ seas cr(ﬂmgmsmbehwor i} SIS, & B VIO
cer St g%&&ﬂ%ﬁ%ﬁmﬂ& Gemsh s ok SUYANC R Drct | SRt & Buya)
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(57) Abstract

This invention is meth-
ods, devices, and systems
for re-vascularization, and/or
performing other medical
procedures at a vascular or
non-vascular  intra-corporeal
locations within a mammaljan
body. The methods generally
comprise the formation of
at least one extravascular
passageway from a blood
vessel to a vascular or
non-vascular target location.
In the re-vascularization
methods the extravascular
passageway is ulilized as
a conduit for accessing or
performing  procedures  at
- the vascular or non-vascular
target location. Also disclosed are catheter devices (100, 103) and systems (138) which are usable to form the extravascular passageways
of the invention, as well as apparatus for modifying, maintaining and/or closing such extravascular passageways.
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-33- notor dysfunctions, etc. Additionally, the access cannula 103

and_injection port 105 nmay be used as a neans for periodically infusing

repl acenent fluids or solutions, to effect vari ous types of replacenent 5
therapi es. These applications may also be performed with the device shown
in Figure 2c. Figure 2c shows an alternative arrangenment wherein the access
cannul a 103 W@ MEY i ori zed and is utilized as a conduit fBETURYAEMsage of
a tenporary device 106 into 10 the target area T. The device 106 may be
connected to an extracorporeal apparatus 107 which will deliver some form
of energy to the devi ce 106 or will recelve |nfornat|on fron1 the device
106. THODS AND)APPARAFEUS FO ASSLNGO AR ‘ BSTR ¥8hi ch may
be utilized 15 i NGhaOBr P ‘ SRAR K sLectrical
signal generators, elec rocau ery appara us, requency Si gnal
generators, cryogeni c apparatus uItrasound generators f or m of
osci |l oscopes, nonitors, chart Reg ‘ , laser, scopes,

ot her 20 'nsstrUnentﬁhs%ppqtleat§eﬁcbﬁhsmexgﬂpéﬁsqpfté henie@ReSsites
Provisional Applications Nos. 60/005,164 filed October
13, 1995 and 60/010,614 filed February 2, 1996. The
entire disclosures of Provisional Applications Nos.
60/005,164 and 60/010,614 are expressly incorporated

10 herein by reference.

Field of the Invention
The present invention pertains generally to medical
methods, devices, and systems, and more particularly to
methods, devices, and systems for a) revascularization
15 and/or b) performing medical procedures at vascular or
non-vascular intracorporeal locations within a mammalian
body.

Background of the Invention
A. Background Relating to Revascularization Procedures

20 In modern medical practice, it is often desirable to
bypass segments of artery which have become obstructed,
diseased or injured. The typical surgical procedures
used for bypassing of obstructed, diseased or injured
segments of blood vessel require open surgical exposure

25 of the artery, and the attachment {e.g., suturing) of a
tubular graft (e.g., homograft, xenograft, allograft,
prosthetic or bioprosthetic graft) to the affected artery
such that one end of the graft is connected upstream of
the obstructed, diseased or injured segment, and the

30 other end of the graft is connected to the artery
downstream thereof. In this manner, arterial blood is
channeled through the bypass graft, thereby restoring
blood flow distal to the obstructed, diseased or injured
segment of artery, and preventing tissue ischenia,

35 infarction, and other sequelae which may result from
impaired blood flow through the affected artery.



treatnments which may be delivered to the target area T by way of a
tenporarily positioned--device 106 include radio frequency abl ation of
tissue (e.g., nerve tracts or arythnogenic tracts within the heart)
cryogeni c tissue 25 destruction (e.g., of a tunor), electrocautery (e.qg.,

to stop a herg%rg{(}m or ablate tissue), etc. Exanples of th %516%
nmonitoring or ranformation retrieval operations which may ut| |ze
connection with a tenporarily-positioned device 106 include |ocalized EEG
30 neasurements, |ocalized ECG neasur eneli£3. Recordation of gal vanonetric

responses, oxygen saturation neasur p ressure neasurements of
gasses di ssolved in yﬁiﬁod’sg ﬁ%&éﬁ”@%@ﬁ?? %E% f‘xrugdg dgfg?m%saﬁi'ﬁs of
t he concentrat|beeno¢e§¢nxmdd(ateW@GEPB$yl@Sﬁ%#DRﬂIﬂath§Ne#heahOGS, it

substances, etc;ghidit @y chmowr @ﬁcﬁpﬂftéﬁapbyﬁﬁskf&dﬁ&ﬁﬂﬂs 8vigat i on
wher ei n the access can

fromthe target parg%nqe %?Ag Ergéil:nllén g)ft ither .r‘st Ic%ur%lnl )éydr a‘f‘. A f luid
5 disease or 11) peripheral vascular disease affecting the
lower extremities.

i. ronary Arte sease

Coronary artery disease continues to be one of the
leading causes of morbidity and mortality, throughout the

10 world. The typical etiology of coronary artery disease
is characterized by the build-up of atherosclerotic
plague within the coronary arteries. Such deposits of
atherosclerotic plaque tend to fully or partially block
the flow of blood through the affected coronary arteries,

15 and if untreated can result in mycocardial ischemia,
infarction and death.

For many years, the traditional surgical treatment
of coronary artery disease has been coronary artery
bypass surgery wherein the patient is generally

20 anesthetized, placed on cardiopulmonary bypass and the
patient’s heart is temporarily stopped. A thoracotomy
(e.g., a median sternotomy) is performed and the
obstructed coronary blood vessels are exposed by surgical
dissection. One or more segments of the patient’s

25 saphenous vein or internal mammary artery is/are
harvested for use as bypass graft(s). The harvested
segment {s) of vein or artery is/are then anastomosed to
the obstructed coronary artery{ies) to form bypass
conduit(s) around the arterial obstruction(s). Such

30 tradltlonal coronary artery bypass surgery is expensive,
extremely invasive, and is associated with significant
operative and preoperative complications.

One alternative to traditional coronary artery
bypass surgery is balloon angioplasty. In balloon

35 angioplasty, a flexible guide catheter is percutaneously
inserted into a peripheral artery (e.g., the femoral
artery) and is transluminally advanced through the
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manner, the proximal portion of the access cannula 103 is provided wth a

i s 109 such that excess. fluid which.collects
within the target area 5 T will drain proximally through the |unmen of the
access cannula 103 and out of outlet apertures 1009. The proxi nmal
portion of the access cannula 103 having the outlet apertures 109 forned
t herei n nay W¥7@#63r | ori zed such that excess fluid PGHUSIA$4E? ned
into an 10 extracorporeally |l|ocated container or vessel, or
alternatively be inplanted at another |le@ation wthin the body (e.g., the
peritoneal cavity) such that excess fluid will pass into such other area of
t he body wher eascudahube awms$iiki Itheeddbstalat biml ofhyshe| cgthetfemnctisons

wi thout 15 caysiRgnd¥RICLE i BRT Bl Carl thE@QﬂctQﬂec:S*éﬁmf Qr+abgh
application is_ the se of tQ‘T lﬁnnula%m% as an indwe Bg %lFmt or

dr ai ni ng exceg?eEﬁF BEPBspiPndt2Fo9fd 94 Iy et r PRFRE ft QUgR athet o a
secondary | ocapiide (matheteyerandndotp ihehi obsteudiidie Besinrse The cannul a
20 103 has be%m%haa%eéhé méwib& Racnasey! &umffme& W&U% hBge

extravascul ar passa%e\A/aal created in accordance wt he i nvention, the
t echni que usedimgs 1late coronary artery in the reglon of the

obstructive lesion. These balloon angioplasty procedures
tend to be less expensive and less traumatic than
traditional coronary artery bypass surgery. However,
10 balloon angioplasty procedures of this type may be

associated with a significant incidence of restenosis at
the angioplasty site. The cause and mechanism of such
restenosis continues to be the subject of ongoing study.
However, such restenosis has generally been attributed to

15 either a) an increase in the mass of the artery wall
(e.g., neointima formation), b} a thickening of the
artery wall without substantial change in it‘’s mass
{e.g., vascular remodeling) and/or c¢) radial contraction
of the balloon—-dilated artery wall upon healing of cracks

20 and fissures that have been created by the balloon
dilation process.

Another alternative to traditional coronary artery
bypass surgery is intraluminal removal {e.qg.,
atherectomy) or ablation (e.g., ultrasound, laser) of the

25 obstructive matter within the coronary artery. These
intraluminal removal or ablation procedures are performed
by passing a catheter-mounted removal or ablation
apparatus through the vasculature to the site of the
coronary obstruction. The catheter-mounted removal or

30 ablation apparatus is then utilized to cut, shave,
sonicate, pulverize, or vaporize or otherwise ablate the
obstructive matter from the lumen of the coronary artery.
These procedures must be performed with caution to avoid
perforation or damage to the artery wall, as such

35 perforation or damage can result in hemorrhage or
excessive scaring and subsequent reocclusion of the
artery lumen. Furthermore, these ablative procedures

W




I mpl ant ati on
W t hout requir

treatment of hydrocephal us and ot her disorders.

of the cannula 103 nmay be perforned percutaneously

ing large surgical incisions 25 as nmay be typical of other
nmet hods utilized to inplant fluid-drainage shunt devices used for the

Fi gure 2e shows anot her

speci fic appiwiogralihss of the present invention, wherein the ﬁﬁ?ﬁﬁ?@l&@f‘”“' a
vascul ar -

103 extends 30
passageway 10
secondary tubu
this applicati
the target T 3

After the acce
PCT/ US96/ 16483

5

10

15

20

25

30

35

fromthe bl ood vessel BV, through the extra
of the present invention and into the lumen 111 of a

| ar anatoni cal passageway 67 duct which is the target T in

@Qy I’IT’?ﬁi égﬁgscfafgesl whu ll@%sleassﬁgeéf@ﬂfoﬂde@%&z é"“%: §§agﬁy form

Ication o t he I nvent] on I nc

S_ app
Fraghents o fl Ghehabstrudfl 9 /met4@Y, in order to prevent

vessel s,

genet o- ur i nar y tauBesicleusiheaniais apdqserere ridasdd ory geNeredt s.

suBR” £PEGHeROS 3 Upet AUt BLE hlEe LV B bhRhihgeshapoet duct

the patient’s circulatory system. Examples of
atherectomy catheters and other catheter-mounted ablative
apparatus are described in United States Patent Nos.
3,433,226 (Boyd), 3,823,717 (Pohlman, et al.), 4,808,153
(Parisi), 4,936,281 (Stasz), 3,565,062 (Kuris), 4,924,863
(Sterzer), 4B70,953 (Don Michael, et al.), 5,069,664
(Suess, et al.), 4,920,954 (Alliger, et al.) and
5,100,423 (Fearnot), as well as foreign patents/patent
publications EP0347098A2 (Shiber), WOB87-05739 (Cooper},
wW089-06515 (Bernstein, et al.), WO90~0130 {Sonic Needle
Corp.), EP316789 (Don Michael, et al.), DE 3,821,836
(Schubert), DE2438648 (Pohlman), and EP 0443256Al
(Baruch).

Other alternatives to traditional coronary artery
bypass surgery have included minin{ally invasive
endoscopic procedures which may, ostensibly at least, be
performed through small (e.g., 1-3cm) incisions formed in
the patient’s chest wall, by insertion of a thoracoscope
and associated operative instruments through such
incisions. One such minimally invasive coronary bypass
procedure is described in United States Patent No.
5,452,733 (Sterman et al.). If perfected, these
minimally invasive coronary artery bypass procedures may
lessen the discomfort and length of recovery time
experienced by patients who undergo such minimally
invasive procedures wvis a vis those who undergo
traditional coronary artéry bypass surgery. However,
endoscopic surgical procedures of this type typically
require a great deal of operator skill and training.
Furthermore, as with traditional coronary artery bypass
surgery, these thoracoscopic procedures are typically
performed under general anesthesia, and typically require
that one or more chest tubes be left in place during the
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or passageway T, any of the above-listed applications for this nethodol ogy

—n@y—be—-u{AAA—zed—knel—udw—w—t—hdpaﬂm—e#—s-&ﬁp-ke&-ef I nf usi eA—ef—d+rugs,

depl oynment of devices, etc. 5 Figure 2f illustrates yet another
specific exarrpl e of an application of the invention wherein the access
cannul a 10 def] t hrough the vascul ature, through an

passageway e present invention, and into a targetlg((g{/@%y%%ch t hat

one or nore surgl cal 10 instrunents 113 may be passed into the target area
T for the purpose of performng a surgitat (e.g., mcro- surgi cal )
procedure within the target ar

In.this nn teriorized control
system 115 nmBPHERER T eaei"o"‘?ﬁé’ SERIPCARY %ﬁu%ﬁ&sf %ﬁ’if&'ﬁﬂ‘ may be 15
utilized to e&ﬁecgrafle dusstonosyrer and otoarmedwgri plleat preemmsfthdr@axsur gi cal

| nst rurent 13&, taﬁ@. glaent&r&@d 8yeehd - fdr‘xﬂau&péﬁ Al PASSReGWaKs Figures

3a-3f, and the description set forth herebel ow, describe certain

types of ext FRESIAYS) 267 BRE SRRy WHPEROWEY HPme e FieFeaccor dance
with the presgrirdcvseopioncoftmashantegy biypesgupascéiuds ardndilre f ol | owi ng
detail ed desqljpf R0 BAf: HLBENHLEL&F ofPESrdiopulmonary bypass, and

that the patient’s heart be temporarily stopped. Others
of these thoracoscopic procedures purport to be useable
without placing the patient on cardiopulmonary bypass,
10 and without stopping the heart. However, those
thoracoscopic procedures which purport to be useable
without cardiopulmonary bypass and heart stoppage are
relatively complex to perform and typically require

temporary clamping or ligating of the coronary artery

15 which is to be bypassed. Accordingly, even those
thoracoscopic procedures which may be useable without
cardiopulmonary bypass/heart stoppage are prone to unique
and significant risks and difficulties due to the
complexities of the procedure and the need for temporary

20 clamping or closing off the coronary artery(s) being
bypassed. Thus, many of the drawbacks associated with
traditional coronary artery bypass surgery, as well as
additional potential drawbacks, may be associated with
these minimally invasive thoracoscapic procedures.

25 Another previocusly described procedure which does
not actually bypass coronary artery obstructions but
which nonetheless may be useable to improve blood flow to
ischemic regions of the myocardium, is a procedure known
as transmyocardial revascularization (TMR). In the TMR

30 procedure a tissue-penetrable probe, such as a laser
probe, is utilized to form numerous full-thickness
penetrations through the ischemic myocardial wall, and
into the chamber of the left ventricle. Oxygenated blood
from the left ventricle then flows cutwardly through such

35 penetration tracts, so as to perfuse the ischenic
myocardium. Examples of such transmyocardial
revascularization procedures are described in United
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exanpl es of types of passageways which may be fornmed, and are not intended
to exhaustively describé alT possible 25 types of passageways 10 which
may be wutilized in accordance with the present invention. Furthernore,

it is to be noted that although the showi ngs of Figures 3a- 3f are directed
t 0 passagewwoss7hBasBor med between a vein and artery, the poaidonidiss
passageway nodifications 30 illustrated in Figures 3a-3f are broadly-
applicable to any or all types of extraqggpular passageways 10 forned in
accordance with the present invention, for which such nodifications may be

sui tabl e. | ndeqditesh®fRas2a9RM4AY S5 BE4SR8WN (A &I Gy 3a- 3 fd jqgscri bed

her ebel ow are nat 35, limted {o passage s formed bet'leerf "art’éri es and
veins, but nafAﬁﬁabFEaﬁhy)apiﬁé(gﬂﬂ '€%623¥1B§§§%§eﬁby%1{b of the present
i nventi on. WO 9Pne3m68ification of the TMR procedure requires the
PCT/ US96/ 1648%orafarifh SN 4 N FAeSs St die PASSARAMYS hntkdt Ne
5 transmyocardial passageway (e.g., an interstitial tunnel
formed in the muscular wall of the heart) from the left
ventricle of the heart to an obstructed coronary artery,
downstream of the obstruction. Such modified TMR
procedure, is described in United States Patent Nos.
10 5,287,861 (Wilk), 5,409,019 (Wilk), and 5,429,114 (Wilk).

ii. Periphe lar Disease

Peripheral vascular disease commonly results from
the build up of atherosclerotic plagque and/or thrombotic
matter within peripheral arteries. 1In many cases, when

15 arteries of the lower extremities have become obstructed
by peripheral vascular disease, a phenomenon known as
intermittent claudication results. Intermittent
claudication is characterized by the occurrence of pain
and progressive weakness in the legs during exertion

20 (i.e., walking or running).

The typical surgical approach to the treatment of
peripheral vascular disease, especially in patients who
exhibit symptoms of intermittent claudication, is to
surgically expose the affected artery and to anastomose

25 a tubular bypass graft (e.g., a tube of woven polyester
or expanded polytetrafluoroethylene (ePTFE)) to the
affected artery such that one end of the graft is
attached upstream of the obstruction, and the other end
of the graft is attached downstream of the obstruction.

30 In this manner, arterial blood will flow through the
tubular bypass graft and around the arterial obstruction,
thereby restoring blood flow to the portion of the artery
downstream of the obstruction.

One alternative to traditional arterial bypass graft

35 surgery for the treatment of peripheral vascular disease
of the lower extremities, is a procedure known as in situ
vein bypass. These ip situ vein bypass procedures are
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present invention may conprise unstented, unlined, interstitial tunnels

H+g—3a—~Ater nat-vely—as—showa—-hp—Fgures—3b-3f , such passageways 10

may be provided 5 wth various types of surface nodifications or ancillary

appar at us, such as tubular | i ni ngs (Fig. 3b), longitudinal
(Fig. 3c), stents or stented grafts which are confi ned

constrai ni ngq cl il%?

to the inter®t7 3% he passageway 10 (Fig. 3d), or stents BFVUIENEBY grafts
10 which protrude out of and beyond the passageway 10 (Figs. 3e-3f).
Referring specifically to Figure 3a, there is shown a passageway 10 which
extends between two_bl ood vessel s and which is devoid of any stent, liner,
t ubi ng, coati #yPi¢sllyaraEried gytady fsumfingaiditodeastubwpanes openappar at us

di sposed vi t hiincibgopassagenayldd, td) diticad Qg hefdbeaauagtesy ey Unl i ned.
'ract or tunneipaencbrtizel ShA) dedcrdbg Beo o RBaiE hak bl ood 20
may flow fronmPERéPheR®h Winon¥hhrbrKhansdsthrgught the |Legegenérahky ot her .
Figure 3b shoparalpessagewdy Hdifcotend d1@ie#qn {d\Othen prepared by
- inserting an instrument into the vein to lyse or disrupt
the venous valves located within the vein. Thereafter,
any side branches which extend from the vein are cut,
ligated or blocked by embolization. The prepared vein is
10 then transected at locations above and below the arterial
obstruction, and the transected ends of the vein are
placed in contact with, and sutured directly to, the
artery at sites upstream and downstream of +the
obstruction. In this manner, arterial blood flow becomes
15 channeled through the prepared segment of vein, such that
the prepared segment of vein will act as bypass conduit
around the arterial obstruction. Examples of current in
situ vein bypass procedures are described in White, R.A.

and Fogarty, T.J., Peripheral Endovascular Interventions,

20 Pgs., 166-169, Mosby & Co. (1996).

iii. Trauma and Other Diseases Which May Impair
Flow Through Arteries

Various arteries of the body may become damaged by

trauma (e.g., lacerations, crushing injury, blunt

25 abdominal trauma) or may become invaded or compressed by
extra-vascular disease processes (e.g., to proliferation

and ingrowth of an adjacent tumor). The typical surgical
approach to treatment of arteries affected by such trauma

or disease is to surgically expose and direct the

30 affected segment of artery, and to thereafter a) resect
and reconnect or b) bypass the affected segment of
artery, to restore arterial blood flow through or arocund

the affected segment of the artery. In many such cases,

the segment of artery affected by the injury or disease

35 may be so large as to preclude simple resection, removal
of the affected segment, and end-to-end anastomosis of

the adjacent cut ends of the artery. Accordingly, in
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bl ood vessel s and having a tubular inner lining 20 di sposed therew

Such i nner

lining 20 may conprise 25 a segnent of rigid or flexibl

t hi n.
e

pl astic tubing, a |ayer of a bioconpatable polyneric coating, a |ayer of
cells of a type which differs fromthat of the surrounding tissue (e.qg.,
endot hel i alwbayesasdi ol ogi cal tissue graft, etc.), a |layer ppfykdergss Of
nodi fi ed density as may be forned by 30 |aser treatnent, electrocautery,
etc., or any other type of matter which _differs fromthe inner surf
t he unstented and unlined passageway 10 itself. Such lining 20 within the

passageway 10s(BY SRftdhced Mef@tekbheisn! A aa&%%:@%&gf?ﬂ&&fé

or prevent unwant e

ace of

bl ood

osure of the

fl ow through the 35 passg e 10, b% \

passageway du&St¥hAA%A gﬁ'ﬁ\l\fgélﬁqlt?ﬁ'o t AAY bendepirakkete attatksue

i ngrowt h i nt oat hebphasdamess Hratftl fe.g. \oa UGS graft formed of

PCT/ US96/ 16483 553 - ! S eLpd he, | LN | s.forped by
woved ™ pbR§b8PELS ¥PeLtPrf NEo! bRENGr#8ctSa f QFFBY, DYy,

applicatigg

10

15

20

25

30

35

bypass the affected segment of the artery.

Although a number of the above-described surgical
procedures represent relatively recent advancements
whereby the invasiveness and risk associated with
traditional surgical approaches have been mitigated,
there remains a need in the art for the development of
new, safe, and reliable minimally invasive and/or
transluminal procedures for bypassing segments of
arteries which have become obstructed, injured or
affected by disease.

B. Background ti to Other Extravascular

Surgical/Interventional Procedures

Many types of surgical and interventional procedures
have previously been formed in organs, tissues or body
cavities of the body. Traditionally, access to such
organs, tissues or body cavities is attained through the
formation of one or more open surgical incisions in the
body, whereby the affected organs, tissues or body
cavities are surgically exposed.

In recent years, substantial efforts have been
undertaken to develop "minimally invasive" surgical
techniques whereby one or more endoscopes are utilized to
view the affected organ, tissue or body cavity, operative
instruments or other devices are inserted into the body
to accomplish the desired surgical or interventional
procedure through relatively small, "minimal access"
(e.g., less than 3cm) incisions. '

Although the advent of these endoscopic "minimal
access®" surgical procedures may have advantageous over
traditional open surgical technigues insofar as they may
minimize the size of the surgical incision, and
accordingly, may lead to less post-operative discomfort,
such endoscopic procedures are often limited to

U



of a flowable material or energy (e.g., a chem cal substance to produce a
] | | at abl e polyner coati ng,
a suspension 5 of endothelial <cells, etc...) to the walls of the
passageway 10, the application of such flowable material to the wall(s) of
t he passageway 10 nmy be acconplished through the use of a _device such as

that shown i WOPMP2s 8h-8h'' and discussed more ful |y her E6I{USHI683
reference 10 to the devices of the present invention. Figure 3c shows a
passageway 10 wherein a | ongitudi nal ceAastrai ning apparatus 22 has

been positioned so as to longitudinally congress the opposite ends of the
passageway 10 Psageduxsfe Whbhher aceRefible 150dyodpeRSnPangaviser (e. g.,
| oose connect i wRith JfEYe peVbirhed wikhcaleslr hdiquaanct imsurFad teassedls .

Such | ongi t udi nal,_gonst raini p t . al e,constructed to
provi de radi al asé%%o?? élgdrﬂ‘%?\ %o?srgrgi %?%%ﬁw pa l@n@éﬁgs F%epgé%%afgké%vay 10.
The appl i cati oaperatiire |enfqscopeis) apdpirsruentdsthe passageway 10 by a

constrai ni ng appar ainisyidar BEYtRe DPaiidatiloat! ¥skoPradawith 8RE! dway i ons of
the_ | nvention @ﬁgr eimrtl)stthe llt?tlné)eordn "minimal access" surgical and
interventional procedures, there remains a need in the
art for the development of new methods and apparatus for
accessing tumors, organs, tissues and other extravascular
10 1locations within the body, to permit the performance of
surgical and/or interventional procedures without the
need for forming any open surgical incisions in the body.
Summary of the Invention
In general, the present invention provides methods
15 for using the vascular system of a mammalian body as a
conduit for performing various types of medical
procedures. Due to the wide distribution of vessel
conduits throughout the body, the vascular system
provides a highway through which devices can be navigated
20 to reach selected treatment sites which may be otherwise
only accessible through a direct incision. The specific
methods of the present invention include a)
revascularization methods, and b) methods for performing
various types of medical procedures at extravascular
25 locations within the body.

The revascularization methods of the present
invention generally comprise the formation of one or more
extravascular passageways between blood vessels,
different locations on the same blood vessel, or a blood

30 vessel and another blood-containing anatomical structure
{e.g., chamber of the heart), such that blood will flow
through such passageway(s). In many applications of the
invention, it will be desirable for oxygenated blood
(i.e., blood which has a pO, greater than 50) to be

35 carried through the extravascular passageway(s) for the
purpose of providing or enhancing perfusion of tissues.

The extravascular passageways formed in accordance with
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vessel s which the passageway 10 connects are |l ocated on the surface of an
organ (e.g., epicardialTy Tocated 25 coronary artery and vein), or are
ot herwi se | ocated such that cavernous or |oose tissue (e.g., |oose
connective tissue) or open space exists between the artery and vein. The

presence of wayefuag@vernous or |oose tissue may allow bl oodpeiihspbnédaps
t hrough the passageway 10 to infiltrate 30 into such tissue or space -

between the artery and vein, as may resul in the formati on of a henat ona.
Exanpl es of specific types of const rai ni h | appar atus 22 which may be

utilized to | Qg Luddabh ke COUPLES Sndtifadd Q0 Y RARIAINREI0cRS Shown

in Figure 2c, of to er W se tate coup I Ng O vessel s
by side-to-si d@YahestiorRers bYarte PEREHEARPORS g F EanSmgmals agpapach WO

97/ 13463 which avoids the formation of open sBEdi&SD6InkA433ns38n
described mor g Lullyn0¢i §ROLON M (thde’f $E60681 Or it MY S5 nddndlis of
5 the present invention may be useable in peripheral blood

vessels and/or in coronary blood vessels.

In accordance with the revascularization methods of
the present invention, there are provided procedures for
providing arterial blood flow to a tissue which has been

10 deprived of blood due to the presence of an obstruction,
injury or disease within a segment of an artery. The
method generally comprises the step of forming a first
extravascular passageway between an anatomical conduit
which contains arterial blood (e.g., an artery or chamber

15 of the left heart), and a blood vessel which will perfuse
the blood-deprived tissue, such arterial blood will pass
through the extravascular blood flow passageway and into
the blood vessel, so as to perfuse the blood-deprived
tissue through the blood vessel. In some applications of

20 this method, the first blood flow passageway will be
formed between an artery and an adjacent vein, such that
blood will flow from the artery into the adjacent vein
and will subsequently pass through the vein in the
retrograde direction so as to back-perfuse tissue through

25 the venous vasculature. Alternatively, a second blood
flow passageway may be formed between the vein and the
artery wherein the obstruction, injury or disease is
located, such that arterial blood which has entered the
vein will reenter the artery, downstream of the

30 obstruction, injury or disease-affected segment thereof,
thereby perfusing the blood-deprived'tissue through the
endogenous artery wherein the obstruction, injury or
disease-affected segment is located. The medical
procedure methods of the present invention broadly

35 comprise the step of forming at least one extravascular
passageway from a blood vessel to another intracorporeal
location (eg.,blood vessel, organ, body cavity, tumor,
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Figure 3d shows a passageway 10 of the present invention having a
nop-protrusive-stent or stented graft—5-24 pgsitioned w t hin-the-passageway
10. Such stent or stented graft 24 nay conprise a pressure-expandabl e or

sel f-expanding cylindrical stent or franme work, and may optionally be
covered by a continuous tubular nenber such as a pliable segnent of woven
pol yest er oW¥fd#ded 10 pol ytetrafl uoroet hyl ene (ePTFE) q‘%@%ﬂ%ﬁ%i tjon
of such stent or stented graft 24 within the passageway 10 may serve to
hol d t he passageway 10 in a substanti al +y1epen configuration to facilitate
non-turbul ent bl ood fl ow through the passageway 10. The stent or stented
graft 24 15 redr-Deahdr subisequentilys Hasging Antubsiange, rudppgrabue not

nelcfessari I é- | itHrcRght Otlhé/al’e'b:jﬁﬁavéés(@@lﬁaﬂf pﬁéﬁsﬁw%ﬂ( em{aarm;bf&x@r the | |
hst ances. horiS S SSRCREGH G} SCCTALES of 111 818k HET TP PEPRL cover  ng
20 on the stdmcadignaft 24 may be continuous or may be partial, such that
only a porgion of FhetBefNiniSceodiRe withWeht Devaiiiciri ahedet 3t when a
protrusive provided a device which is insertable into a blood vessel
and useable to form an extravascular passageway which
extends from the blood vessel within which the catheter
device is inserted to a target location (e.g., a) another
10 blood vessel, b) another blood containing anatomical
structure (e.g., chamber of the heart), c¢) another
location on the same blood vessel, or d) an extravascular
location. (e.g., organ, tumor, body cavity, etc.))
Extravascular passageways formed by this catheter device
15 may be used for performance of the methods of the present
invention, as summarized hereabove. This passageway-
forming catheter device may comprise an elongate,
flexible catheter body having a tissue penetrating
element (e.g., a member, device or flow of energy) which
20 is passable from the catheter body, to form a passageway
through the wall of the blood vessel in which the
catheter is positioned, and through any other tissue
located between the blood vessel and the target location
(e.g., other blood vessel, anatomical structure,
25 extravascular location, or other location on the same
blood vessel) to which the passageway is desired to
extend. The tissue-penetrating element may comprise a
suitable type of tissue-penetrating member, device or
flow of energy, including but not necessarily limited to
30 hollow and/or solid needle, trocar-tipped needle (with or
without a surrounding pliable sheath), laser beam, laser-
emitting member, electrocautery probe, hot-tipped probe,
rotating tissue penetrating apparatus, or ultrasonic
ablation probe. Optionally, the catheter device may be
35 equipped with suction lumen, inflatable balloon(s) or
other structural attributes or apparatus useable to
facilitate or assist the passage of the tissue-
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stented graft (e.g., covered stent 26 or 28) is utilized, 25 it may be
unnecessary to additionally position the optional enbolization nenbers 12
within the lunen of the bl ood vessel into which the stented graft 26, 28

extend, as the tubular outer covering on the stented graft will serve to
define a cl osqghdd@sconduit through the lunmen 30 of that kb othems! and
w Il substantially block the fl ow of endogenous bl ood through that porti-on

of the bl ood vessel, thereby obviating anxlneed for separate enbolization
menbers 12. Figure 3d" shows nodifications 67 the stent or 35 stented

0 b 2ot oy B dUgBe 2,20 deiooler BRAERLEY PABEl 002 27
t he WO 97/ 1348%rgy) from the blood vessel to the seleotedylsaraetasi
-39- stent or stejdftdow.aft Réso, Nopubshaniypl |thd | xedshengidditdiding
position wthin éf]e‘?nel?ﬁs%atg%w c]theter device may incorporate a guide
S wire lumen or other means for passing a gquide wire
through the extravascular passageway formed by the
tissue~penetrating element.
Further in accordance with the invention, the
passageway~forming catheter device of the foregoing
10 character may be combined with one or more apparatus for
orienting the tissue-penetrating element to insure that
the extravascular passageway is formed at its intended
location. Such orienting apparatus may be mounted upon
or incorporated into the passageway-forming catheter, or
15 may be formed separately of the passageway~creating
catheter and used in conjunction with the catheter, from
any suitable intracorporeal and/or extracorporeal
location. The orienting apparatus my comprise various
types of active and/or passive apparatus including, but
20 not 1limited to, extracorporeal or intracorporeal
nltrasound apparatus, extracorporeal or intracorporeal
Doppler apparatus, intracorporeal or extracorporeal
radiographic apparatus, magnetic resonance imaging
apparatus, tomography apparatus, induction coils,
25 electromagnetic devices, and various catheter-borne
markers which are identifiable by radiographic, sonic,
ultrasonic, photographic, MRI, or other means.
Still further in accordance with the invention,
there are provided passageway-modifying devices for
30 debulking, lining, stenting, longitudinally compressing
and/or otherwise modifying the extravascular
passageway(s) which are formed by the present invention.
Further objects and advantages of the present
invention will become apparent to those skilled in the
35 art upon reading the detailed description of preferred
embodiments set forth herebelow, wherein certain
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Figure 3e shows a hem protrusive or protrusive stent or stented graft 26
which may be constructed in the sane- 5 nmnoner as the non-protrusive.stent
or stented graft 24 shown in Figure 3d, but which differs fromthat shown
in Figure 3d in that it protrudes or extends beyond t he ends of the
passageway 10, into adjacent portions of the artery A and vein. SO
depl oyed, thWO3fME or 10 stented graft 26 will geneP&EUss %Fé%%rre an
"S" configuration, as shown in Figure 3e, to facilitate | am nar,
non-turbul ent flow of blood in the desir<e®-direction through the passageway
10. The dotted lines on Figure 3e illustrate a "hem protrusive" enbodi nent
of the 15 stepresentliymprafeyrsefit ombotimants oprderrKanplesof ofs ¥Resh with
one end of thelgagﬁgmelgetmbkehtm déterl .end thereof extends into the
anatom cal structure (i. Y in cent tkt d Qf the passageway 10.
Such "hem protrusive" e graft 20 26 may
be enpl oyed so as nBiguxe obstisica ngntvperspecetiyeodciiaw ovE t&rbumdnt he

artery A agd %Li‘tb&l&ﬁfﬁq eMbatyyi P hiveakl 8nk o P aldreiasy Arvbpied he

obstruction OB 1s not conplete, and in whom some arterial bl ood flow
conti nues veins thereon.

Figure 1b is a rear perspective view of the human
heart showing the typical positions of arteries and veins

thereon.

10 Figure 1lc is a longitudinal sectional view through
an adjacent coronary artery and coronary vein within
segment 1lc of Figure la, wherein blood flow passageways
have been formed in accordance with the present invention
to bypass an obstruction located within the coronary

15 artery.

Figure 1d is a cross sectional view through line 1d-
1d of Figure 1c.

Figure le is a diagram of the Triangle of Brouck-
Moscheau, an anatomical landmark which is defined by

20 certain coronary arteries and coronary veins of the human
heart, as visualized on an x-ray taken from the right
anterior oblique view.

Figure 1f is a perspective view of an alternative
revascularization method of the present invention wherein

25 an extravascular interstitial passageway is formed from
a first location on a blood vessel ({(upstream of an
obstruction) to a second location on the same blood
vessel (downstream of the obstruction).

Figure 1f’ is a perspective view of the blood vessel

30 shown in Figure 1f, following complete application of the
revascularization method of the present invention to form
a bypass passageway around the obstruction.

Figure 2 is a perspective view of a human body
incorporating a schematic illustration of a transvascular

35 method for performing a medical procedure at an
extravascular location within the body, in accordance
with the present invention. T e
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to pass through the artery A. In other patients wherein 25 the obstruction
B is conplete, it nmay be appropriate to use the full "protrusive"

enbodi ment of the stent or stented graft 26 wherein such stent or stented
graft 26 extends out of both ends of the passageway 10 into the adjacent

anat om cal worodgdegses (i.e., vein and artery), 30 as indiggghfReeRysst Ne
dotted lines on Figure 3e. Figure 3f shows another protrusive stent or

stented graft 28 which extends fully th_[fs)%qh a first blood flow passageway
10a and an optional second bl ood fl ow pasSageway | ob, and which

ddi ti onal | h | ' f A and
addi tional l'y protrpfies:d hsough 35 eﬂ‘i@?ﬁ;@éhgﬁ%‘%ﬁé%é’ v}fnﬁf @ftgﬁm%i an

vein V, thereby formng a caontinuous condul t through ch WO
97/ 13463 target tissue of Figure 2, showing thepmanpgy fe4wBichoa | ani nar,

non-t ur bul ent thksae-pémarreningpetetnénvighpassdd Fasmnofleyphssifaway0b. |t
wi |1 be appreghaheflyt SR GntdPifieVRh¥§St Besue. .

5 Figure 2a’ is an enlarged view of the target tissue
of Figure 2 showing an access conduit which has been
advanced through and/or exchanged into the extravascular
passageway into the target tissue.

Figure 2b is a schematic showing of an indwelling

10 delivery/sampling cannula having a subcutaneous injection
port for repetitive infusion/withdrawal of matter
into/from or monitoring of conditions in the target area.

Figure 2c is a schematic showing of a catheter
inserted through the extravascular passageway for

15 temporarily deployment of a device into, monitoring of
conditions in, or infusion/withdrawal of matter into/from
the target area.

Figure 2d is a schematic showing of a permanently
placed device (e.g., fluid drainage shunt) utilizing the

20 extravascular passageway of the present invention.

Figure 2e is a schematic showing of a catheter
inserted through the extravascular passageway of the
present invention and into the lumen of another tubular
anatomical passageway, for sampling, access, monitoring,

25 or performance of a surgical or interventional procedure
within the tubular anatomical passageway.

Figure 2f is a schematic showing of a transvascular
procedure for performing extravascular microsurgery, in
accordance with the present invention.

30 Figure 3a is a longitudinal sectional view showing
an unmodified blood flow passageway formed in accordance
with the present invention.

Figure 3b is a longitudinal sectional view showing
an internally lined blood flow passageway formed in

35 accordance with the present invention.
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al so be formed within any enbodi ment of the stent or 5 stented graft 24,

; | Ag—28—eF—wth-r—a—} ongi t udi nal—constrai ni ng
apparatus 22, or otherwise within the passageway 10, to facilitate the flow
of blood in a desired direction(s) through the passageway(s) 10 while

deterring ting blood from 10 backf | ow ng through the
passageway?@?%%’gxgg direction(s) opposite the desired di rgglrf"'éﬂ‘("@f” I V.
Transvascul ar Approaches for Form ng the Passageway(s) Between Two Bl ood

Vessel s Fi gures 4a-4e and the  foldow ng detailed 15 description,

are provided for the purpose of illustrating sone approaches which may be
utilized for formi ﬁbq'g’i? 3Rt @ dPngatudiRah ety opal Wi AY RROWLRGd
vessel s, to aechopgitidirexlly nomprvessed dlicpdt £bow Meidwadewaly £foemed esent

e o "SpoHB POl RS fepbnenthidi gy, [0l | VD dol 2| o0

approaches whi ch nByIBEe (39 115, &d 1PEELEBRIMAY WML Hdewaghowtng but

rat her ares pravbieddaslormssaaephysofi§ the coreidnt Aaveatyes RaPimgches for

such procedurgs. nEHIL A RI%e 2LESMIRr stented grast positioned
therewithin.

Figure 3d’ is a perspective view showing an optional
flange and/or optional projections which may be

10 incorporated into a non-protrusive stent or stented graft
positionable within a blood flow passageway of the
present invention in accordance with Figure 2d.

Figure 3e is a sectional view through a blood flow
passageway of the present invention, having a first

15 embodiment of a hemiprotrusive or protrusive stent or
stented graft positioned therewithin.

Figure 3f is a sectional view through first and
second blood flow passageways of the present invention,
having a second embodiment of a protrusive stent or

20 stented graft positioned therewithin.
Figure 4a is a schematic illustration of a first

approach for forming arteriovenous blood flow passageways
in accordance with the present invention.
Figure 4b is a schematic illustration of a second

25 approach for forming arteriovenous blood flow passageways
in accordance with the present invention. .

Figure 4c is a schematic illustration of a third
approach for forming arteriovenous blood flow passageways
in accordance with the present invention.

30 . Figure 4d is a schematic illustration of a fourth
approach for forming arteriovenous blood flow passageways
in accordance with the present invention.

Figure 4e is a schematic illustration of a fifth
approach for forming an arteriovenous blood flow

35 passageway in accordance with the present invention.

Figure 5a is a longitudinal sectional view of two
(2) adjacent blood vessels, illustrating a first means
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25 the showi ngs of Figures 4a-4e illustrate applications wherein an
obstruction OB is presént within one of the bl ood vessels, the general
approach is illustrated in these figures may be appl i cabl e to
various revascul ari zati on net hods wherein the passageways 10 are 30 forned

for purposesw@ddfabegshan bypassi ng obstructions, or wherein gsdignedbedsgs/ICt i ons
OB are |located renotely fromthe | ocations at which the passageway(s) 10

are formed. Furthernore, it is to be appre lated that the approach is
illustrated in Figures 4a-4c need not necéssarily be 35 performed between

two bl ood vesselsy riR@tWRE) aDmBh§Chda2GHiNAS a éf@é&&%ﬁﬁﬁ roaches

may be applicabl e between any bl ood vesséel and ana/ ?.t her anat om cal
VO 97/ 13463 element to form an arteriovenous blood flgw pagRagemaysin. 41-

structure, andamprideancecabtlkr the prasentoiveentiamiery to artery or vein to
artery passageway(sk;lfireFsBUlie 42 RIYRUAIRaLYRERECARPT Q26N YRELGI N 2

5 adjacent artery and vein, illustrating a second means for
orienting, aiming and guiding a tissue-penetrating
element to form an arteriovenous blood flow passageway in
accordance with the present invention.

Figure 5c is a longitudinal sectional view of an

10 adjacent artery and vein, illustrating a third means for
orienting, aiming and guiding a tissue-penetrating
element to form an arteriovenous blood flow passageway in
accordance with the present invention.

Figure 5d is a longitudinal sectional view of an

15 adjacent artery and vein, illustrating a fourth means for
orienting, aiming and guiding a tissue-penetrating
element to form an arteriovenous blood flow passageway in
accordance with the present invention.

Figure 5e is schematic showing of a method for

20 utilizing passive radiographically wvisible markers to
orient, aim and or guide a tissue-penetrating element to
form an extravascular passageway in accordance with the
present invention.

Figure 5e’ shows a first type of radiographic

25 markers which may be utilized in accordance with Figure
5e.

Figure 5e’’ shows a second type of radiographic
markers which may be utilized in accordance with Figure
Se.

30 Figure S5e’’’ shows a third type of radiographic
markers which may be utilized in accordance with Figure
5e. Figure 5f is a schematic showing of a method for
utilizing an ultrasonically visible marker to aim, align
and/or guide a tissue penetrating element to form an

35 extravascular passageway in accordance with the present
invention.
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cat het er

100 is advanced translumnally into an artery A5 and a
yenetrating elene 102 is.p he—cat het er 100-to—f6rm a
first passageway 10a through the wall of the artery A, through a tissue

| ocated between the artery A and vein V, and through the wall of the vein.
After the first bl ood fl ow passageway 10a has been 10 created in this
manner, a g4 e may be passed through the tissue- pendGTAIS{IH483 enent
102 or through the catheter 100, and through the newl y-created first
passageway 1l0a. Thereafter, the tissue pemnetrating el enent is deactivated
(e.g., retracted into the catheter 15 100), and the catheter is advanced
over the guide wir&igeReou§’'t hetsirdt ReFsR§ERAYe10d1e¥nd 9%t othde | unen
of the vein, pasrabbaisalBy ofididecohairkaet sROWIOB Fildi@eagifacent artery A

Thereafter, with the distal .porti t he .cat heter sitioned within the
| umen of the vein, gﬁgufﬁegq ilg,ss&esggﬁ’g T S’rﬁf%'elogn%n gﬁw ifo LoHEa % gai n
advanced out @RIt he emienti.caimoortguide m fissuenpemetmatinigpelpmestigevway 102

whi ch ext egds dohreauah anhexeehbagéulde yeéfagawtyy Lins @ Jranabedwpehveen the
vein and artert\;1 A, __and hroueq‘tk.t he wall of the artery A Thereafter, the
- e present inv ion.

Figure 5g’ 1is a perspective view of a first
embodiment of a marker visible by magnetic resonance
imaging (MRI) to facilitate orientation, aiming and/or

10 guidance of a tissue penetrating element to form an
extravascular passageway in accordance with the present
invention.

Figure 5g'’ is a perspective view of a second
embodiment ©f a marker visible by magnetic resonance

15 imaging (MRI) to facilitate orientation, aiming and/or
guidance of a tissue penetrating element to form an
extravascular passageway in accordance with the present
invention.

Figure 5h is a schematic showing of mneans for

20 utilizing a doppler apparatus to facilitate orientation,
aiming and/or guidance of a tissue penetrating element to
form an extravascular passageway in accordance with the
present invention.

Figure 5i is a schematic showing of means for a

25 pressure sensing apparatus toc facilitate orientation,
aiming and/or guidance of a tissue penetrating element to
form an extravascular passageway in accordance with the
present invention.

Figure 5j is a schematic showing of means for

30 utilizing transmitter and receiver apparatus for
orienting, aiming and/or gquiding a tissue penetrating
element to form an arteriovenous blood flow passageway in
accordance with the present invention.

Figure 5k is a schematic showing of means for

35 utilizing transmitting and induction coil apparatus for
orienting, aiming and/or guiding a tissue penetrating
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25 tissue penetrating elenent 102 may be once again retracted into the

cat heter 100 and the catheter may be retracted fromthe vascul ature and out
of the body. In this manner, the approach shown in Figure A4a,
acconplishes formation of a first blood fl ow passageway 30 10a upstream of
the arterialwglshiddsti on OB and a second bl ood flow passagepdsdiiisss
downstream of the arterial obstruction. Figure 4b shows an alternative-
approach wherein a catheter 100 is translum nally advanced into the |unen
of 35 a vein, and the distal end of the THtheter is positioned adjacent the

|ocation at whiqhoLhe {J abpPhood LhOU BASEEGARY 108! Paddddial’ 51 OO
PCT/ US96/ 16483 ac¢Qrdpth%ﬁl‘i mjteelpé“%ﬁpt 1opventigiysed out of the catheter
100 to formthe firpiqhtoodif| oy RassagmiM clOshd iRy Ibt heeatd | £6F vein V,
any tissue bet \Agegl;ggg meagrx]le J.%ngpga{zt'a%t}é for orienting, aiming and/or
5 guiding a tissue penetrating element to form an
arteriovenous blood flow passageway in accordance with
the present invention.
Figure 6a is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of

10 the present invention, showing a first means for exiting
of the tissue-penetrating element from the catheter.

Figure 6b is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a second means for exiting

15 of the tissue-penetrating element from the catheter.

Figure 6c is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a third means for exiting
of the tissue~penetrating element from the catheter.

20 Figure 6d is a longitudinal sectional view of a
portion of a transvascular tissue~penetrating catheter of
the present invention, showing.a fourth means for exiting
of the tissue-penetrating element from the catheter.

Figure 6d’ is a perspective view through of the

25 distal end of the catheter device shown in Figure 6d.

Figure 6e is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a fifth means for exiting
of the tissue-penetrating element from the catheter.

30 Figure 6f is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of
the present invention, showing a sixth means for exiting
of the tissue-penetrating element from the catheter.

Figure 6g is a longitudinal sectional view of a

35 portion of a transvascular tissue-penetrating catheter of

the present invention, showing a seventh means for

i i‘m



A, and through the wall of the artery A Thereafter, the 5 tissue
-penetrating elenent 102 i s-deactivated—{e—g—+retracted i nt-o—the—catheter
100), and the catheter is advanced further through the vein V until the
distal end of the catheter is |located adjacent the | ocation at which the
second bl ood fl ow passageway 10b is to be created. 10 Thereafter the
tissue penMQIBHM} el ement 102 is once agai n passed out HCHYE6LHBHet or
100, to formthe desired second passageway 10b through the wall of the vein
V, and tissue between the vein V and artéry A and through the wall of the
artery A Thereafter, the tissue penetrating 15 elenent 102 is once again
deacti vated (¥iEing epfacthrl tissueneeratrRteng 163pmgnl tFromathet er 100
may be extracdshdte@dn t he venous vascul ature and renoved. In this nmanner,

t he approach depici.ed in Figure_4 | she e formpiion of a first

bl ood flow 20 pa slaqg‘;%'\ﬁ/ayé:kﬁg]as d%\/\gggggggn&#g{]hééeé? %ﬁaﬁar‘%b wst?ﬁcf’i on OB and
a-second bl opution phss iganayra®pansirsuareenetiatdngeeathetarpfucti on OB,
by cannul &t i atheapitebeadsintdntdon;ashieinig aseigntwinecahe s RxYtany. Figure

4c shows ancné¥”£ﬂ¥ ES%QQEL¥gn£%§gé¥%a1é@gﬁéﬁinfrom the catheter.
Figure 6i is a longitudinal sectional view of a
portion of a transvascular tissue-penetrating catheter of

the present invention, showing a ninth means for exiting

10 of the tissue-penetrating element from the catheter.

Figure 7a is a longitudinal sectional view of a
distal portion of the first embodiment of a tissue-
penetrating element in accordance with the present
invention.

15 Figure 7a‘ is a cross sectional view through line
7a’-7a’ of Figure 7a.

Figure 7b is a longitudinal sectional view of a
distal portion of the second embodiment of a tissue-
penetrating element in accordance with the present

20 invention.

Figure 7c¢ is a longitudinal sectional view of a
distal portion of the third embodiment of a tissue-~
penetrating element in accordance with the present
invention.

25 Figure 7d is a longitudinal sectional view of a
distal portion of the fourth embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 7d’ is a cross sectional view through line

30 7d’-7d’ of Figure 7d. ]

Figure 7e is a longitudinal sectional view of a
distal portion of the fifth embodiment of a tissue-
penetrating element in accordance with the present
invention.

35 Figure 7e’ is a cross sectional view through line
7e’-7e’ of Figure 7e.
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25 a catheter 100 is translumnally advanced into an artery A, and the

distal end of the catheter 100 is positioned adjacent the site~at which the

first blood flow passageway 10a is to be fornmed. Thereafter, the ti
100 30 to formthe

penetrating el enment 102 is passed out of the catheter

ssue-

first blood fyewsRsgsageway 10a through the wall of the artwmsgg(?‘&i ssue
n v. -

between the artery A and vein V, and through the wall of the vel
the tissue penetrating elenent_102 is deactivated (e.g.,

Ther eafter,

retracted into the catheter 100) and the @ Teter is 35
t hrough the lumen of &t rtery Nd..J.SeP oygh t he obstruction OB
until the distal endF%Pﬁfﬁ 7 é[% gfé%sl S %%‘10%:%% a Jez‘fce TQYIh SRPe at

whi ch WO 97/

a guide wire

10

15

20

25

30

3s

e cath r oca

pdtgznative embodiment of the device shown in Figug® W96/ 16483

-43- the second dempedsihgva hodsagerie hAPing & @dledf SEyEsk peghiadyancenent
of the catheter 100 thrpugh the obstruction OB will typically require that

Figure 7f is a longitudinal sectional view of a
distal portion of the sixth embodiment of a tissue-
penetrating element in accordance with the present
invention. '

Figure 7f’ is a perspective view of the trocar—
tipped, elongate member which forms a portion of the
tissue-penetrating element shown in figure 7f.

Figure 7g is a longitudinal sectional view of a
distal portion of the seventh embodiment of a tissue-~
penetrating element in accordance with the present
invention.

Figure 7h is a longitudinal sectional view of a
distal portion of the eighth embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 7i is a longitudinal sectional view of a
distal portion of the ninth embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 7j is a longitudinal sectional view of a
distal portion of the tenth embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 7k is a longitudinal sectional view of a
distal portion of the eleventh embodiment of a tissue-
penetrating element in accordance with the present
invention. '

Figure 71 is a longitudinal sectional view of a
distal portion of the twelfth embodiment of a tissue-
penetrating element in accordance with the present
invention.

Figure 7m is a longitudinal sectional view of a
distal portion of the thirteenth embodiment of a tissue-~
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be initially advanced through the obstruction OB to 5 facilitate

<18 6 s ot6 0Q gh t he obstruction OB. Such
initial passage of a guide wire through the obstruction OB nay be
acconplished in cases where the obstruction OB is partial, or where the
obstructive material is soft enough to permt a guide 10 wire to penetrate
t her et hr ou}i® *"M3&ver, in cases where the obstructi on OBRCI/GSSHA48E e or
formed of calcified plaque or other hard matter, the approach shown in
Figure 4c may be | ess than viable and the-operator will typically opt for
one of the approaches shown in Figures 15 4a or 4b in such cases.

However, in ReRetratdng telenegithetil®dr aoto¥dandseMitbceceef regeatdvanced

t hrough t he olfitgntGbnon OB as shown in Figure 4c, the tissue penetrating
el ement 102 wil |l en_be once again_advanced out of the catheter 100 to
create the secondtbglgg58 falaoﬁszogp gggb‘éﬂgﬁp%obs??ﬁ’o‘lﬂé}' tYl’ee‘Ova‘Pg 8 the
aitery 10a, dfibrsti sspbodimerten atheanr t@ppeyatysd forn modifyindr angh t he
wal | of the viiter¥tithalepbkehgeirde Ebshe@- RANQACEALERHCE! GTERL +hQ2 Wi Il be
deact i vat ed (e.e%.e n ‘ih{;@ﬁ{fgni nto the catheter 100) and the catheter wll
be extracted Fromtha :

Figure 8b is a longitudinal sectional view of a
second embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the

10 present invention.

Figure 8c is a longitudinal sectional view of a
third embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention.

15 Figure 8d is a longitudinal sectional view of a
fourth embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention.

Figure 8e is a longitudinal sectional view of a

20 fifth embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention.

Figure B8f is a longitudinal sectional view of a
sixth embodiment of an apparatus for modifying an

25 interstitial passageway formed in accordance with the
present invention.

Figure 8g is a longitudinal sectional view of a
seventh embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the

30 present invention. i

Figure 8h is a longitudinal sectional view of a
eighth embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention.

35 Figure 8h’ is an elevational view of the device of
Figure 8h being used to modify and arteriovenous blood
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25 arterial vasculature and renoved fromthe body. In this manner, the

approach shown in Figure 4c acconplishes formation of a first blood flow
passageway 10a and second bl ood fl ow passageway | ob in accordance with the
present invention. 30 Fi gure 4d shows anot her alternative approach

wherein a ca

punpi ng positive pressure fluid (e.g., saline solution) thr

catheter and out of a plurality of
35 fornmed in the body of the catheter 1002A8ar the distal end thereof.

6 PRIt ® frone 8| 20 MER AT ) Y RLGlS he

proxi mal seali

bl ood vessel | u

§91346500 i s provided with a positive pressure | 04 for
s il

positive pressure outlet apertures 106

A

PCT/ US96/ 16483 in¥entientor med on the catheter, proximal to the positive
pressure outlet apemiguee BI6.is\ acpongiecudinshl seeeléongl (€idw. o2 Ral | oon)

110 i's placed %gfdghp Eﬂﬁobfﬂ@iECﬁoélqgn apparatus for modifying an

5

10
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20

25
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interstitial passageway formed in accordance with the
present invention.

Figure 8§ is a longitudinal sectional view of a
tenth embodiment of an apparatus for modifying an
interstitial passageway formed in accordance with the
present invention.

Figure 9a 1is an elevational view of a first
embodiment of a device usable to longitudinally compress
an arteriovenouns passageway formed in accordance with the
present invention.

Figure 9a’ is an exploded perspective view of the
device shown in Figure 9a.

Figure 9b is an elevational view of a second
embodiment of a device usable to longitudinally compress
an arteriovenous blood flow passageway in accordance with
the present invention.

Figure 9b’ is a partial longitudinal sectional view
of the device of Figure 9b mounted within a delivery
catheter.

Figure 9b’‘’ is a perspective view of the device of
Figure 9b partially ejected from its delivery catheter.

Figure 9b’’’ is a perspective view of the device of
Figure 9b fully ejected from its delivery catheter.

Figure 9c is an elevational view of a third
embodiment of a device usable to longitudinally compress
an arteriovenous blood flow passageway in accordance with
the présent invention. '

Figure 9d is an elevational view of a fourth
embodiment of a device usable to longitudinally compress
an arteriovenous blood flow passageway in accordance with
the present invention.

Figure 9e is an elevational view of a fifth
embodiment of a device usable to longitudinally compress
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vein V, slightly upstreamof the site where the second 5 blood flow

passageway 10b is tao he created

| umen of the vein V until the distal end of the catheter is positi
adj acent the site of at which the second bl ood fl ow passageway 10b is to be
created. Thereafter, the proximl sealing nmenber 10 108 is deployed (e.qg.,
i nfl ated) SWOAH1ME3 conpl etely seal the vein V proxi mal toF S§W§¥?

pressure outl et apertures 106 of the catheter 100. Thereafter, pos
pressure fluid (e.g., saline solution) +33passed through a |lunmen o

catheter and out of the positive pressure 15 outlet apertures 106,

cause t he pressuartéfisyvdnonist bleod fd owebassageyai donscenrdancedwibhl,
pref erabl vy, sgﬁgtgggggﬁ{yiﬁygﬁglobg the nean pressure Plerr] within the
artery A. Such pregsurizat he_vein \. provide

met hod of identifyfrgifhe ﬁe%@nc%“ofegeh‘ﬁf{l'\}@ﬁ’ﬁi 35Vside B ﬁ&ﬁgg
may require | ieghbddment| el @ demlcerﬁ!ﬁﬂblﬁmoohoaciwltltﬁlﬁtyev:empraa?
si gni fi Cané Sfa%asrx@&ri&mwsr BlbsAE) M¥s§éﬁ\$ me&swc&wﬁ@ﬁleﬁ

Addi ti onal |

mei nt ai ned thW& PR
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such gressurlzatlon of unmen of the vein may be
sept siﬁyﬁﬂﬁﬁgﬂratlng el enent
Figure 9f’ is a partial longitudinal sectional view

of the device of Figure 9f mounted within a delivery
catheter.

Figure 9f¢‘ is a perspective view of the device of
Figure 9f as it is mounted within its delivery catheter.

Figure 9f£¢’’ is a longitudinal sectional view of the
device of Figure 9f partially deployed out of its
delivery catheter.

Figure 9f£'7’’ is a cross sectional view of the
device of Figure 9f fully deployed out of its delivery
catheter.

Figure 10a is a perspective view of a first
embodiment of a transvascular tissue-penetrating catheter
device of the present invention.

Figure 10b is a longitudinal sectional view through
line 10b~10b of Figure 10.

Fiqure 10c¢ is a longitudinal sectional view through
line 10c of Figure 10a.

Figure 10d is a cross sectional view through line
10d-104 of Pigure 10a.

Figure 10c’ is a schematic view of an optional guide
wire/sheath urging apparatus which may be incorporated
into any embodiment of the transvascular tissue-
penetrating catheter of the present invention.

Figure 10c’’ is a schematic showing of the apparatus
of Figure 10c’ as the tissue-penetrating element of the
catheter device is penetrating through tissue.

Figure 10c’’’ is a schematic showing of the device
of Figure 10c after the tissue-penetrating element has
penetrated through tissue and into a vascular lumen or
open cavity.

T

The catheter 100 i s advanced-through the

oned

ive
itive
f the
to

a viable
SB whi ch

ndui t .
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25 102 is advanced out of the catheter 100, through the wall of the vein V
and through the wall of "The artery Ato formthe passageway 10 of the

present invention.

V to the pressure P2 within the artery also serves to prevent any 30

alternative approach wherein a first catheter

Such equal i zation of the pressure P[err] within the vein

rapid

gush or flow ¢fo&ii3gd fromthe lumen of the artery Ainto t rUs%Bhses the

vein V when the passageway 10 is created. Figure 4e shows another :
100 is advanced into the

artery A, and 35 a second catheter 100 i $24Tvanced into the vein V. In

sone i nstances,

the fﬂiggﬁ&eaaqas 960 Sﬁag gm%%ﬁghaaﬁe%ogﬁ%% g}ﬁiasiva%%%ﬂ n

general ly opposite directions,

PCT/ US96/ 16483

e

kapdpiece . copppReRt cPf tthesecand cephpdiment ngfeleenent s

102 of the respeptansyaaridlaretissif-pésettdtingedatbetormnaévied sndmecond
bl ood fIOM/passnggggﬁi %%ankggnpetmeen
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Figure 11b is a partial longitudinal sectional view
through a distal portion of the second embodiment of the
transvascular tissue-penetrating catheter device of the
present invention.

Figure 1lc is a longitudinal section showing of the
device of Figure 11b during a first stage of a tissue~-
penetrating procedure.

Figure 11lc¢ is a longitudinal section showing of the
device of Figure 11b during a second stage of a tissue-
penetrating procedure.

Figure 11d is an enlarged longitudinal sectional
view of segment 11d of Fiqure 1lc.

Detailed Description of the Preferred Embodiments

The following detailed description and the drawings
to which it refers are provided for the purpose of
describing certain presently preferred embodiments of the
present invention only, and are not intended to limit the
scope of the invention in any way. Indeed, it is to be
appreciated that the detailed descriptions and examples
set forth herebelow are provided as mere examples or
illustrations of certain ways in which the invention may
be utilized or practiced. These examples and
illustrations are not intended to provide an exhaustive
description of all possible embodiments and examples of
the invention but, rather, are illustrative of some but
not all applications to which the invention may be
applied.

A. The Methods of the Present Invention

i. Revascularization Methods

Broadly stated, the revascularization method of the
present invention provides a method for establishing one
or more passageway(s) 10 through which blood may flow

from or into at least one blood vessel. In most cases,

T




the artery A and vein V, as shown. Thereafter the 5 tissue-penetrating

, to the catheters-100)
and the cat heters 100 Wi II be extract ed fromthe vascul ature and renoved
fromthe body. In this manner, the approach shown in Figure 4e acconplishes
the formation of first and second blood 10 flow passageways 10a and 10b
bet ween t heW¥f1¥] bl ood vessels, in accordance with the HsTaBa416483

i nvention. v. Met hods and Apparatus for Controlling, A mng and Gui di ng a
Ti ssue-Penetrating El enent and/or Anciltasy Devices Used to Formthe 15

Ext ravascul ar Passageway(s) Figures 5a-51 show exanpl es of apparatus which
may be utilizdde oblepderthinh £ileWag, themmgio| thag pasiFagewnyl diwaglt he

ti ssue- penet ra;ﬂerfgrgbggelqavé@ Y ih éfcasly I ohie0gpt he cat heter 100 of
t he present invent creat des#red ext.ravascul ar passageway 10.

In general, these P.%‘Ht‘t ﬁ&,sggf‘ﬁ?ﬁ SREFYFTHY UnR2FeRIWRY SpdPat us are
i nt ended to posildi de twesed afprt b@é@@lwchnt h&strmeadt hénjured or

tissue-pengtr Hiidadse-aFROELdD2 &EgnARS € G OUlanOf atrlggrgat hetep 1QQuht Wl
come into cont %&odlmepxts of the invention, only a primary blood flow
passageway (e.g., a passageway from the artery upstream
of the obstruction) will be formed between an obstructed
injured or disease~affected artery (or another unimpaired
10 artery or a blood-filled anatomical structure such as a
chamber of the heart), and a vein thereby permitting
arterial blood will then be permitted to flow in the
retrograde direction through the vein, so as to
retroprofuse tissues through the venous vasculature. 1In
15 other embodiments of the invention, one or more secondary
blood flow passageways will also be formed between the
obstructed artery and the wvein, downstream of the
obstruction, such that arterial blood which has entered
the lumen of the vein through the primary blood flow
20 passageway(s) may subsequently enter or re-enter the
lumen of the artery, downstream of the obstruction,
thereby perfusing tissues through the remaining (e.g.,
unobstructed) portion of the obstructed artery.

Although the anatomical showings provided in Figures

25 la and 1b are specific to the coronary vasculature, it is
to be appreciated that the methods of the present
invention may be applied to blood vessels throughout the
body and are not necessarily limited the treatment of
obstructed goronary arteries (e.g., the femoral~popliteal

30 region, aorta-iliac region, etc.).

With reference to the drawings, Flgures la and 1b
provide detailed showings of the normal vascular anatomy
of a human heart wherein coronary arteries are
substantially parallel and adjacent to coronary veins.

35 The specific anatomical structures shown in Figures 1a,
1b and le are labeled in accordance with the following
legend:

TN



25 and penetrate the wall of the blood vessel within which the catheter
100 is positioned. It is to be appreciated that the drawings set forth in
Figures 5a-51 and the followi ng detailed description are provided as nere
exanpl es of the types of orienting, aimng, controlling 30 and/or guiding
apparatus whi ®O9Mg4dse utilized in the present invention, rykiﬂgﬁﬁﬁ%

i ntended to exhaustively show or describe all possible apparatu 8 ma

be used for these purposes. Furthernore, %6|s to be understood that any or
all of the apparatus shown in Figures 5a-5I""35 and described herebel ow may

be conbined with anyaqther el gnpnt of the invention descrlgﬁp herein to
WO

forma "system mherg&¥ the passag%w%éfaggﬁkg eg@;&é;;é;@éﬂ@@1n46 t he

gzg;gﬁsslnventlon mafAbe oriented, -ai-ned. conttol teEbmiryuirdedy Figure 5a
shows one approach wegreip an, active, . _ . . Coronary Vein
5 C8 . . v v v v e s e Coronary Sinus
CIR ... ... ..... Circumflex Artery
IvC . . .. ... ... . Inferior Vena Cava
LAD . . . . Left Anterior Descending Artery
SVC . . . . .0 0. ... Superior Vena Cava
10 PA . . . . . ... . ... Pulmonary Artery
PV . o . oo e s e Pulmonary Vein
TA . . . . . ... . . .. Tunica Adventitia
™. .. .. ... ... ... . Tunica Media
TI . . . . . ..+ v+ .+ ... fTunica Intima
15 6V . . . . .. . .. . . Great Cardiac Vein

Figures 1lc~1d illustrate a specific application of
the present invention, wherein an obstruction OB is
located within a coronary artery located on the left
anterior aspect of the heart. Aas shown, the obstructed

20 coronary artery CA is located adjacent, and generally
parallel to, a coronary vein CV. A first blood flow
passageway l0a is formed between the coronary artery CA
and the adjacent coronary vein CV, at a location upstream
of the arterial obstruction OB. Also, in the showing of

25 Figure 1lc, an optional second blood flow passageway 10b
has been formed between the lumen of the coronary vein CvV
and the lumen of the coronary artery CA, at a location
downstream of the obstruction OB. Also, in these
figures, optional embolization members 12a, 12b are shown

30 to have been placed within the lumen of the coronary vein
CV at sites proximal of the first blood flow passageway
10a, and distal of the optional second blood flow
passageway 10b. These optional embolization member serve
to guide the flow of arterial blood which enters the

35 coronary artery CA through the first blood flow
passageway 10a, through a segment of the adjacent
coronary vein CV, and through the second blcod flow

i



i magi ng device 50 is positioned within the same blood 5 vessel as the

cat-het-er—100-of—t-he-present—thvent+of—Hs—aet+ve— magi ng
conprise any suitable type of catheter borne imagi ng device, including, but
not limted, to an intravascul ar ultrasound apparatus (IVUS catheter), a

Doppl er appar atu an angi oscope, etc. In 10 many instanc h tive
I magi ng devi W82 &W| | have a sensor (e.g., ultrasound traﬁgm%‘i?‘,&éoni.c
transducer, formimage-receiving lens, etc.) formed at a specific |ocation

thereon. It will typically be desirabl ed®or such sensor 52 to be | ocated
i medi atel y adj acent the 15 |ocation at which the tissue-penetrating

el ement 102 i sPRESagewRY 0P BPEBRRL &he REFPTial Ripad £8eBESTS debg he
desired observaumen, of Nthg ebtogargarrtery tCrk, t dosnstrosmebfattmg el ement

102. 1t will nggwgfmgfadmgp f,fzgfo ifﬁam ﬁ@mﬂs¥g0fz§0 be

nount ed upon or or me passageway- f or m ng cat het er
100, may be caPay eBenRRYii fng %n?ﬁ’%h’rnat')’rloéli d’écQPVF-SFﬁEE“SF\l‘F#@fca#Q]eter 100

(see Figs. 9-1B)ockrortympeael oTaw ashiol i Bodl#f Gdnostapidtahst@PLh Il Screet
e eenau iy, pfidy' 8= Y hdel, TeaNESar™ o PAMIE" tBvakel"Sthts or

passageway- f or
frames, detachable balloons, valve structures clips,

fasteners or plugs, etc. Further, the function served by

these members may also be accomplished utilizing various

10 methods including ligation, welding, coagulation, or
other surgical methods.

As illustrated in the cross sectional showing of

Figure 1d, each blood flow passageway 10 of the present

invention is essentially an interstitial tunnel which

15 extends through the wall of an artery (such as a coronary

artery CA) through the wall of an adjacent vein (such as

a coronary wvein CV) and through any connective or
membranous tissue which may be located between the
coronary artery CA and coronary vein CV. 1In this manner,
20 each blood flow passageway 10 acts as a flow conduit
between the lumens of the coronary artery CA and coronary
vein CV. .
Figure le is a diagram of a portion of the coronary
vasculature known as the Triangle of Brouck-Moscheau.
25 The Triangle of Brouck-Moscheau is defined by the left
anterior descending coronary artery LAD, the circumflex
coronary artery CIR, the anterior interventricular vein
AIV and the great cardiac vein, GCV, as shown.
Obstructions resulting from the build-up of
30 atherosclerotic plague are often found in the proximal
portions of the left anterior descending artery LAD
and/or the circumflex artery CIR. The revascularization
methods of the present invention may be utilized to treat
such obstructions of the left anterior descending artery
35 LAD and/or circumflex artery CIR by forming appropriate
blood flow passageways 10 between the arteries and veins
surrounding the Triangle of Bouck-Moscheau. For example,
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25 catheter device 100 which incorporate neans for nounting of at |east a
di stal portion of the -aett+ve—+imagi ng device 50 within the

passageway-creating catheter 100 are specifically shown in Figures 9-10,
and are fully described herebelow with reference to such figures. 30

One al ternaty BREY oach for observing, aimng and gui di ngpéhBsesiisss
ti ssue- peneﬁr’%ﬁ ng el enent 102 is shown in Figure 5b, wherein tshg %.gt lve

i magi ng device 50 is positioned within the bl ood vessel into which the
ti ssue- penetrating el ement 102 of the, PA¥sageway-creating 35 catheter

100 wil | : As sh i.n Fi Sb, th 52 the i ' devi
50 may be' | ocatBaah AR B AP PERPeRhoLR T HESHiEY PRECHIR cebouay 10

WO 97/ 13463 the left anterior descending artery LRD]/ &)S€6rg64BBosd7- is to
be formed, such)bhalbabig spaponos dBY BEMastedlisiaddia Uinsugragnetrating
element 102 as It extends from catheter 100 toward the sensor 562 of the .
active cardiac vein GCV and the circumflex artery CIR and a
5 second blood flow passageway 10b may be formed between
the left anterior descending artery LAD and the anterior
intraventricular artery AIV, at a location downstream of
the obstruction. A lumen blocking member 12 may be
placed within the great cardiac vein GCV, proximal to the
10 first blood flow passageway 10a and/or within the
anterior interventricular vein AIV distal to the second
blood flow passageway 10b such that arterial blood from
the circumflex artery CIR will flow through the first
blood flow passageway 10a, through the great cardiac vein
15 GCV, through the anterior interventricular vein AIV and
into the left anterior descending artery LAD, downstream
of the obstruction. Alternatively, in cases where the
obstruction is present in the circumflex artery CIR, the
first blood flow passageway 10a and second blood flow
20 passageway 10b may be inverted, such that blood flowing
through the left anterior descending artery LAD will flow
through the anterior interventricular vein AIV, through
the great cardiac vein GCV and into the circumflex artery
CIR, downstream of the obstruction. 1In accordance with
25 these examples, it will be appreciated that the
revascularization method of the present invention may be
utilized in a manner which obtains arterial blood from an
artery or from any other source (e.g., left ventricle),
and passes such arterial blood into another artery.
30 Moreover, in accordance with the revascularization
methods of the present invention, it will be appreciated
that the second blood flow passageway 10b may, in at
least some cases, be eliminated and arterial blood may be
provided to the blood-deprived regions of the myocardium
35 by retroprofusion through the anterior interventricular
vein AIV or great cardiac vein GCV.
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i magi ng device

passi ve or co-active apparatus)

50. 5 Fi gure 5c shows another alternative approach

secendary—-Fag-rg—appar at us -54—fe——g-——a

device 50. This secondary imgi ng apparatus nay be fornmed on the

passageway- 10

creating catheter 100, or on the tissue-penetratiqrj\@8

102 itsel f, WRP134Gapabl e of communicating with or being F&F
prelimnary imagi ng apparatus 50. The primary imgi ng device 50, having a

sensor 52 |ocated thereon is positioned +29¢ he bl ood vessel

in addition to the primary active inaging

el enent
% he

adj acent t hat

15 in which the passageway-creating catheter 100 is |ocated. The active
i magi ng devi ce 50 witk| vikhde @prrsridhed fhatwinhsene apRlde@tipnenedi ng

apparatus 54 sahes re¥aptaVaf£zat 1R tmaBids JOrtmbyesend. iavehgoad

bf 3Mbst ance

gui ding the tiii%e-QSQQ%QQQEanﬁggng%%ééééyInléhiﬁ?gngg%gggéé t he 20

secondary i nmagi ng apparat us

any_sui

or apparatus wHintlerssitiakritwrpal &hichkagiisnds Hromish dilgisse lacastbemabl e by
the active snagiong &eodme 10@atibn) cikamel Samé M cvaNgessEL, Ofast BRowet i ve
| mging devi Cei?lor‘g@{rec Oﬁp,r 'as%lgoxria\glegseff %%%Q%Xng an obstruction OB

10

15

20

25

30

35

formed therein may be bypassed by utilizing a passageway-
forming catheter 100 of the present invention whereby a
tissue-penetrating element 102 is passed through the wall
of the blood vessel upstream of the obstruction, through
the adjacent tissue, and subsequently through the wall of
the blood vessel downstream of the obstruction. In this
manner, an interstitial passageway 10, shown in Figure
1f+, forms a bypass conduit around the obstruction OB in
the blood vessel BV.

ii. Methods for Performing Surgical or
Intexventional Procedures at Extravascular
Locations

In addition to the above-described revascularization

methods, the present invention also includes methods for
performing various surgical or interventional procedures
at extravascular locations within the body. These
methods of the present invention are accomplished by
forming one or more extravascular passageways from a

blood vessel to an extravascular location (e.g., organ,
tissue, body cavity, etc.) and subsequently passing one
or more procedure-performing apparatus through the
extravascular passageway to accomplish the desired
surgical or interventional procedure at the extravascular
location. The types of surgical or interventional
procedures which may be performed in accordance with this
method of the present invention include:

I RAPE ER
. Delivery of flowable drug substance;
. Implantation of an implantable drug delivery
apparatus (e.g., microspheres, etc.);
- Delivery of medical treatment fluids;
This Sheet Has Bee,
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25 transmtter and the secondary imagi ng apparatus 54 on the

passageway- creati ng catheter

whi ch nmay be interrogated by, and will emt a responsive signal to,
signal emtted by the radio frequency transmtter of the active imaging 30

devi ce 50.

100 may conprise a radio frequency transponder

a radio

tively, in enbodi nents where the actlvthﬁﬁﬁkga eV|ce
50 is a f|uo?@E§§%§§ I ntravascul ar ul trasound (1VUS) device or ppfe t he

secondary imagi ng apparatus 54 on the passagemay form ng cat heter

100 may

conprise a radi o opaque marker, reflectivd%35 surface or soundi ng aperture

from whi ch radiatiog, soghé&égt%gja' %%2'0?8€§%9¥a@ﬁ¥t%$ gg%hgﬁhed back to

the active inmging devic

97/ 13463

active imagi ng device
5

10

15

drug dosxng, %gng896/16483 -48-
apertures or surfaces mhtﬁguéﬁg@gXbﬁ(nagxigghéﬁy% baht o2fi st NE g@@ﬂgter 100
or tissue- penetratlng elgggggbga vggggnggc¥$ ggllzatlon t hereof by an
TEM Y OR DE NT OF D
. Implantation of stimulator (electrical or
physical);
. Implantation of sensor;
* Implantation of electrode;
. Implantation of <transmitter, receiver or
transponder;
. Implantation of support member (e.g., stent);
. Implantation of marker (e.g., radiographically
visible markers, or solutions.
T E I ISI O b {
. Tissue ablation or destruction;
L Cutting or transection of tissue (e.g., nerve,
fibers);
. Resection and removal of neoplasms, diseased

20

25

30

35

tissue, etc.;

. Dilation, stretching or other modification of
endogenous tissue to restore patency, flow,
configuration, or function.

PLI T
. Sampling of tissue (e.g., biopsy);
. Sampling of solid matter (e.g., calculus,
tophi, etc.};
RI I T
. Determining pressure, pH, temperature, oxygen

saturation, partial pressure of dissolved gas, ECG,

EEG, evoked potentials, or other variables which are

measurable at the target area.

Figures 2-2f are provided for the purpose of further
describing and illustrating some of the specific
interventional and/or surgical procedures which may be
performed in accordance with this embodiment of the
present invention. Figure 2 shows a schematic
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50 are described in United States Patent No. 4,977,897 5 (Hurwitz).

' ' are nounted-w-thin
nodi fi ed passageway-form ng catheters 10la, and are used in conjunction
wWith a tissue- penetrating guide wire 103 having a sharpened distal tip 10
107, to form a passageway 10 between two bl ood vessels B\{l(%@g, BV‘ err] as
shown, eacW®Y/134%3 cat heters 10la, 10lb has a magnet 57a, ed in
one si de thereof. Each magnet, and adjacent inserts forned within the
cat heter body has a hollow | unen 109 exsendi ng therethrough. In 15 this
manner, the |lunmenal openings in the magnets 57a, 57b nmay be positioned in
di rect al i gnrigduskrakiene ofndthieerbunan | bodyngwhatein t padrdspagewaye of t he

{ragnet S 57ai ﬁl!azihg aagﬁaeéf sépfsa?fgﬁua! hﬁbeﬁfpﬂﬁétﬂ)ﬁéé}&é &ng&?ri{sa{ ter ,10t7 he
i sSsue- penet r.at | ui de_wise avi_n sharpene istal .tip
my be advand@f P% gﬁe¥%%tad’ﬁ°8‘§ i X %tflr'r:g;é ép 0 E KR FEESt het er

101a and out (&f.a-he fempradl vepbehi ard | hag eeem@nanged dhropgh thehet er
101a, threugh,dpaecudh) iQi‘teTrh_alfjﬁfjléil oeﬂnvwgreBV[@fdbréthEﬁb any
tissue locat et% %etd\g/esggeé hfocf:z!ltrisc;[n ald%%ge\l/zgsgﬁtle ei\:/izegvgécular target
area {e.g., ventricle of the brain). Thereafter, a
tissue-penetrating element 102 is passed £from the
catheter 100 through the wall of cerebral blood vessel
10 wherein the distal portion of the catheter 100 is located
and the tissue penetrating element is advanced through
the adjacent brain tissue to an extravascular target
location T within the brain. In this manner, an
extravascular passageway 10 has been formed £from the
15 cerebral blood vessel to the extravascular target
location T. As necessary, the passageway 10 which is
initially formed by the tissue-penetrating element 102
may be debulked, enlarged or modified in accordance with
the apparatus and methods for passageway modification
20 shown in Figures 8a-8h and described in detail herebelow.
Figure 2a is an enlarged view of the target area T
and the adjacent blood vessel BV into which the
passageway-forming catheter device 100 has been advanced.
Initially, the tissue-penetrating element 102 of the
25 passageway-forming catheter device 100 is advanced out of
the catheter 100, through the wall of the blood vessel
BV, and through tissue which is located between the blocod
vessel BV and the target area T. The tissue-penetrating
element 102 utilized in this application preferably
30 incorporates a lumen 114 through which a secondary guide
wire GW, may be advanced into the target area T.
Thereafter, the tissue-penetrating element 102 may be
retracted and removed along with the passageway-forming
catheter 100, leaving the secondary guide wire GW, in
35 place.
As shown in Figure 2a, an access canula 103 may then
be advanced over the pre-positioned secondary guide wire



25 and the second bl ood vessel BV[err], through the wall of the second

bl ood vessel BV[err] and 1Tnto the |unenal opening of the magnet 57b of the
ot her passageway-form ng catheter 101b. In this manner, the

ti ssue-penetrating guide wire 103 will have fornmed a passageway 10 between
the first 30 vabopthasessel BVierr] and a second bl ood vessel p%gjsyﬂ“”lt

w Il be appreciated that the distal tip 107 of the tissue- penetrating
guide wire 103 may conprise a sharp distaltip which is retractable into
the guide wire such that the guide wire (3\7\Frray remain within the bl ood

vessel s 35 aft ey t hg LRt RGLRr Sed01%ankii Naye b&m&&mxﬁ%u@t%&m'vel Y,
the tissue- penetrzatln %wde wre 103 nay be a | aser wre W re or any
ot her type of tyasgpd.atu gthe extravascular passageway 10

PCT/ US96/ 16483 fdbﬁnecpbyetm@ttimusepbnetmimg)Iedetnentormz bha fese
passagevay 10. \FlQULE 293059, ThiDOUCORIS WA ABDAERLNSHINN S ea
5 as a conduit for introduction of drugs, implantation of
devices, sampling, monitoring, deployment of surgical
apparatus or other applications in accordance with the
methods for performing surgical or interventional
procedures at extravascular locations, described

10 hereabove.

Figures 2b-2f illustrate specific examples of the
types of extravascular surgical or interventional
procedures which may be performed in accordance with this
aspect of the invention.

15 With reference to Figure 2b, a subcutaneous port
apparatus 105 may be mounted on the proximal end of the
access cannula 103, and may be utilized for the injection
or withdrawal of flowable substances (e.g., drugs,
medical treatment fluids, radiographic contrast

20 solutions, cells, genetic material, microbial or wviral
vectors, etc.) through the access cannula 103, and into
the target area T. Also, the port apparatus 105 and
cannula 103 may be utilized to accomplish periodic
monitoring of pressure or other conditions at the target

25 area T (e.g., by filling the cannula 103 with fluid and
inserting a needle connected to a pressure transducer
into the port apparatus 105, a reading of pressure at the
target area T may be obtained). Thus, Figure 2b
illustrates the manner in which an indwelling access

30 cannula 103 having a subcutaneously positioned injection

| port- 105 may be utilized for continuing infusion or
withdrawal of flowable matter into/from the target area
T. Specific examples of the types of conditions which
may be treated by repeated infusions of drugs to a

35 specific target area T within the body include Parkinsons
disease, epilepsy, hypertension, tumors, depression,
Alzheimer’s disease, sleep disorders, behavior disorders,



passive radiographically visible markers forned upon a 5

00 ef—the—present—trventi on, may—be—ut+tH-zed

to effect precise rotational positioning of the catheter 100 prior to

formati on of each extravascul ar passageway 10. Figure 5e shows,

schematic fagm 6? passageway-creating catheter 100 10

vessel BV[err] with the intention of form ng a passageway 10
in accordance with the present invention fromthe first bl ood vessel
BVierr] into an adj acent target T (e.q. ,"53‘body cavity, mass of tissue or

a first bloo

anot her bl ood vessel ). A _radi.ographic inmagin

f 1 uor oscope or BHCZy gesfenetions. | f38q 1 o F&Bag ¥adi

in
wi thin

arat 118 such as a
'atfraﬁﬁf’es?nage of

the first bl cocdanmudal 16@3/[aark ]Lnaﬁdtmmtbllaéch'adesmehsaﬁl[m I meana Screen
120 (e. 9., an %drdy gasasdilcaiay f|ipnas xiéi enE' guffuldslse or Shows

a cat het er

h 20
r adi o- opaque ors°8'é'&|18ng¥:mg‘ﬁt) i Iog'afg?éfc

spaced apar & | cheiriapisson Thegesapel Matdons mayealeat bet perfdined Eheke
radi ographi cal Iy, VigeiRhE SREHE 5 Jﬁ%%rgngchZb are preferably at equival ent
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el evati onal
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Figure 2c shows an alternative arrangement wherein
the access cannula 103 is exteriorized and is utilized as
a conduit for the passage of a temporary device 106 into
the target area T. The device 106 may be connected to an
extracorporeal apparatus 107 which will deliver some form
of energy to the device 106, or will receive information
from the device 106. Examples of the types of
extracorporeal apparatus 107 which may be utilized
include, but are not necessarily limited to, electrical
signal generators, electrocautery apparatus, radio
frequency signal generators, cryogenic apparatus,
ultrasound generators, form of oscilloscopes, monitors,
chart recorders, galvanometers, laser, scopes, other
instrumentation, etc. Specific examples of the types of
treatments which may be delivered to the target area T by
way of a temporarily positioned device 106 include radio
frequency ablation of tissue (e.g., nerve tracts or
arythmogenic tracts within the heart) cryogenic tissue
destruction (e.g., of a tumor), electrocautery (e.g., to
stop a hemorrhage or ablate tissue), etc. Examples of
the types of monitoring or information retrieval
operations which may utilized in connection with a
temporarily-positioned device 106 include localized EEG
measurements, localized ECG measurements. Recordation of
galvanometric responses, oxygen saturation measurements,
partial pressure measurements of gasses dissolved in
fiuids, pH measurements, electrode determinations of the
concentrations of specific electrolytes or other chemical
substances, etc.

Figure 2d shows an application of the present
invention wherein the access cannula 103 is utilized to

Vﬁlglr d téiplgﬁﬁﬂﬁ"ﬁdl nal | y



25 relative to the height H of the catheter 100, but are spaced apart
| ongi tudinally, as shown. ~Thus, precise rotational positioning of the
catheter 100 may be achi eved by causing these radiographically visible
mar kers 122a, 122b to becone directly aligned on the 30 screen 120 at
equi val ent el swapirpmesl positions, as shown in the | ower sidep®fissfriedghgure
5e'. Figure 5e'' shows another type of passive marking system which may -be
utilized to achieve precise rotational pggjptioning of the catheter 100.
Wth 35 reference to Figure 5e'', the passageway-form ng catheter 100 has

a circular radi Qan%ﬁthiuﬁthYdiz‘éﬁﬁ biejEB kbR Ot HR 4 1yeRN8r8h 08, angh andksk or
dot shaped radlggégphlcgk Y. MO 97/l§463 c o ,
PCT/ US96/ 16483 Sk, kPR PTLFITET PRECHIHEE EPRACIRSSERPPUR RS 48 t he
ci rcul ar mar ki ngprb¥4defdn wikhs anpaneal ity eef seutntatapndiunessiitigosuey of the
catheter 100 makR ¥xbe@8ked1B¥d which collects within the target area
5 T will drain proximally through the lumen of the access
cannula 103 and out of outlet apertures 109. The
proximal portion of the access cannula 103 having the
outlet apertures 109 formed therein may be exteriorized
such that  excess fluid 1is drained into an
10 extracorporeally located container or vessel, or
alternatively be implanted at another location within the
body (e.g., the peritoneal cavity) such that excess fluid
will pass into such other area of the body where it can
be assimilated by natural physiologic functions without
15 causing damage or harm to the body. One example of such
application is the use of the cannula 103 as an
indwelling shunt or draining excess cerebrospinal fluid
from a ventricle of the brain to a secondary location
{e.g., peritoneum) within the body. Because the cannula
20 103 has been implanted through the vasculature and
through the extravascular passageway 10 created in
accordance with the invention, the technique used for
implantation of the cannula 103 may be performed
percutaneocusly without requiring large surgical incisions
25 as may be typical of other methods utilized to implant
fluid-drainage shunt devices used for the treatment of
hydrocephalus and other disorders.
Figure 2e shows another specific application of the
present invention, wherein the access cannula 103 extends
30 from the bloocd vessel BV, through the extravascular
passagéway 10 of the present invention and into the lumen
111 of a secondary tubular anatomical passageway or duct
which is the target T in this application. The types of
tubular passageways or ducts which may form the target T
35 in this application of the invention include blocod
vessels, geneto-urinary ducts, exocrine ducts, endocrine
ducts and lymph ducts. After the access cannula 103 has
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causing the disk or dot shaped marking 126 to becone 5 positioned within

' ' ' 20. This_is illustrated
in the |l ower side box of Figure 5e'. Yet another type of radiographically
vi si bl e marki ng which may be utilized to attain precise rotational 10
positioningwof the catheter 100 is shown in Figure 5e'''. Wth reference to
Fi gure 5e' "WO¥PL i s provided a catheter 100 having t woPEPPSI646#8| ucent
apertures 128a, 128b of substantially equivalent size, forned directly
opposite one another, on opposite sides36F the catheter 15 100. In this
manner, precise rotational positioning of the catheter 100 nmay be achi eved
by rotating theerpdsittdonedowitbin the umest 13Adofethbe dtargitoldwsdnt

aﬁert ures 128gr %saalghai?eﬁpra%ydbf adid ¥bavé-anbsk od Tﬁbp%%@a@f@&é‘%r; gch t hat
1 Ustrat ed | TR indekiedotBeY by BBl THET SETRdiG EPendFld of 1 0°
manner in weanplesapfuinfesion ofl dxugg sdsptoyment of devi¢es medcupon the
passageways f or m ngeicaideer i 100stPatde ydt landeletrNspecific example
of an application of the invention wherein the access
cannula 103 extends through the vasculature, through an
extravascular passageway 10 of the present invention, and
into a target area T such that one or more surgical
10 instruments 113 may be passed into the target area T for
the purpose of performing a surgical (e.g., micro-
surgical) procedure within the target area T. In this
manner, an exteriorized control system 115 may be
connected to the surgical instrument(s) 113 and may be
15 utilized to effect the desired operation and manipulation
of the surgical instrument 113 within the target area T.
iii. Types of Pas ways
Figures 3a-3f, and the detailed description set
forth herebelow, describe certain types of extravascular
20 passageways 10 which may be formed in accordance with the
present invention. The showings of Figures 3a-3f and the
following detailed description are presented as mere
examples of types of passageways which may be formed, and
are not intended to exhaustively describe all possible
25 types of passageways 10 which may be utilized in
accordance with the present invention. Furthermore, it
is to be noted that although the showings of Figures 3a~
3f are directed to passageways 10 formed between a vein
and artery, the various passageway modifications
30 illustrated in Figures 3a—-3f are broadly applicable to
any or all types of extravascular passageways 10 formed
in accordance with the present invention, for which such
modifications may be suitable. Indeed, the passageways
10 shown in Figures 3a~3f and described herebelow are not
35 limited to passageways formed between arteries and veins,
but may be broadly applicable to all passageways 10 of
the present invention.




25 conjunction W th an extracorporeal ly positioned ultrasound

I mgi ng transducer 132 to effect precise rotational orientation of the
catheter 100. As shown, the ultrasonically visible marker 130 is fornmed at
a specific location on the catheter 100, such specific 30 |ocation having
a known rel atyypaghigsto the site and direction in which theyp

ti ssue- penetratlﬁg el emrent 102 will pass fromthe catheter 6ﬂﬂﬁwaynaa
extracorporeal ultrasound inmaging transducer 132 is positioned on the body
so as to imge both the bl ood vessel BV[éFPT wherein the 35

passageway-f or m ng cal hsq}o n 319101'4 éugggl Ehongﬂea %Se&@sg\%o (C?F q'rﬂa second

bl ood vessel, tissue nBSS, Ioca
ti ssue- pen etrat px@sent V\@W}gne:g may comprlse unstented ’ unlined ,

PCT/ US96/ 16483 ifder=liafimnt tifinedé (Higy.Cc3ahet ellﬂ%dtivb(lybeaéaﬁﬁﬂﬂx
Ther eai ter. (e cak hglege 100 47, 'Sl BasbbidvdylP 1§ AP oLVLALE' O ©

mar ki ng 130 is ¢ ear
5 with varlous types of surface modifications or ancillary

apparatus, such as tubular linings (Fig. 3b),
longitudinal constraining clips (Fig. 3c), stents or
stented grafts which are confined to the interior of the
passageway 10 (Fig. 3d), or stents or stented grafts
10 which protrude out of and beyond the passageway 10 (Figs.
3e-3f).
Referring specifically to Figure 3a, there is shown
a passageway 10 which extends between two blood vessels
and which is devoid of any stent, liner, tubing, coating,
15 valve, surface modification, substance or apparatus
disposed within the passageway 10. In this regard, this
unstented, unlined, unmodified passageway 10 is simply an
interstitial tunnel (e.g., a puncture tract or tunnel)
which extends between two blood vessels such that blood
20 may flow from the lumen of one blood vessel intoc the
lumen of the other.
Figure 3b shows a passageway 10 formed between two
blood vessels and having a tubular inner 1lining 20
disposed therewithin. Such inner lining 20 may comprise
25 a segment of rigid or flexible plastic tubing, a layer of
a biocompatable polymeric coating, a layer of cells of a
type which differs from that of the surrounding tissue
{e.g., endothelial layer biological tissue graft, etc.),
a layer of tissue of modified density as may be formed by
30 laser treatment, electrocautery, etc., or any other type
of matter which differs from the inner surface of.the
unstented and unlined passageway 10 itself. Such lining
20 within the passageway 10 may serve to a) facilitate
laminar and non-turbulent blood flow through the
35 passageway 10 or b) prevent unwanted closure of the
passageway due to natural contraction of surrounding
mascle or tissue ingrowth into the passageway 10. In



completely i

maged by the transducer 132. Such 5 positioning of the
ultrasonicallv visible marker 130 serves ta establish that the-catheter has

been pl aced

system to ef
cat heter 100
vessel in 15

nits proper rotational orientation to cause the tissue-
penetrating elenment to pass into the target T. Figures 5g-5g'"' ill
the manner in which 10 passive markers on the passageway-form ng catheter
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passageway 10, the application of such flowable material

to the wall(s) of the passageway 10 may be accomplished
through the use of a device such as that shown in Figures
8h-8h’’ and discussed more fully herebelow, in reference
to the devices of the present invention.

Figure 3c shows & passageway 10 wherein a
longitudinal constraining apparatus 22 has been
positioned so as to longitudinally compress the opposite
ends of the passageway 10 toward one another, thereby
compacting any tissue (e.g., loose connective tissue)
which is located between the blood vessels. Such
longitudinal constraining apparatus 22 may also be
constructed to provide radial support for, and/or
maintain patency of the passageway 10. The application
of longitudinal compression to the passageway 10 by a
constraining apparatus 22 may be particularly important
in applications of the invention wherein the blood
vessels which the passageway 10 connects are located on
the surface of an organ (e.g., epicardially located
coronary artery and vein), or are otherwise located such
that cavernous or loose tissue (e.g., loose connective
tissue) or open space exists between the artery and vein.
The presence of such cavernous or loose tissue may allow
blood which flows through the passageway 10 to infiltrate
into such tissue or space between the artery and vein, as
may result in the formation of a hematoma. Examples of
specific types of constraining apparatus 22 which may be
utilized to longitudinally compress the blood flow
passageway 10 as shown in Figure 2c, or to otherwise
facilitate coupling of two blood vessels by side-to-~side
anastomosis, are shown in Figures 9a~9f, and are

fhG1k gatidn. Th k | i nduct i i
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25 material of which the catheter body 100 is fornmed so as to be

specifically visible on MRI. Wth specific reference to Figure 59', the

i nduction coil 134a is positioned on or within the wall of the catheter 100
at a specific location, and is connected by 30 wires 135 which extend
through the owbbeasmesto an exterior |ocation where they nmay phenssyiigst €d to
a suitable current source, oscilloscope and/or other nonitoring system -
wher eby current, phase and anplitude of the_el ectromagnetic field within
the coil 134a nmay be 35 nonitored. |In thi's manner, novenent of the

catheter 100 W ddudyia WBkoSERMNF hakdbelbl ol Yo fdienbacad hlnfifed N COI |

134a to be altered wthin the variable but known
PCT/ US96/ 16483 9—%‘?—“"magnet ic field created by the MR system In this
manner, each novenemiguret h3d cahtres em lPssegeaway tie ORIl thieelpglresdrt resul t

in a change in GWdfitlon RB?3Rg3 hon-protrusive stent or stented graft

5 24 positioned within the passageway 10. Such stent or

stented graft 24 may comprise a pressure-expandable or

self-expanding cylindrical stent or frame work, and may

optionally be covered by a continuous tubular member such

as a pliable segment of woven polyester or expanded

10 polytetrafluoroethylene (ePTFE) the disposition of such

stent or stented graft 24 within the passageway 10 may

serve to hold the passageway 10 in a substantially open

configuration to facilitate non-turbulent blood flow

through the passageway 10. The stent or stented graft 24

15 may be formed of any suitable material including, but not

necessarily 1limited to, variocus types of pressure

expandable or self-expanding wire mesh or interwoven

strands of polymeric material. In instances where a

stented graft 24 is utilized, the tubular graft covering

20 on the stented graft 24 may be continuous or may be

partial, such that only a portion of the stent is

covered.

It will be appreciated that when a protrusive

stented graft (e.g., covered stent 26 or 28) is utilized,

25 it may be unnecessary to additionally position the

optional embolization members 12 within the lumen of the

blood vessel into which the stented graft 26, 28 extend,

as the tubular outer covering on the stented graft will

serve to define a closed flow conduit through the lumen

30 of that blood vessel and will substantially block the

flow of endogenous blood thi:ough that portion of the

blood vessel, thereby obviating any need for separate
embolization members 12.

Figure 34’ shows modifications of the stent or

35 stented graft 24a to include a flange 25 and/for

perpendicular projections 27 extending from one or both

end(s) of the stent or stented graft 24a to hold the



anplitude. The current phase and anplitude information 5 received fromthe

cer-—34a—ray—then—be—utit+zed-to—determre—the—preci se | ocat+en—et—the

coil 134a relative to the target T. Moreover, if the coil 134a becones

| ocated out of the specific plane which is bei ng i maged by the MRI scanner
135, such will indicate the catheter 10 100 has been | ongitudinally noved
out of the d¥WQ¥EH3| ane. In this manner, the coil 134a nafcﬂ'@sﬁffﬁ‘g’zed for
preci se longitudinal, and rotational ori entation of the catheter 100.

Mor eover, the information received from+3f-coil 134a may be utilized to

determ ne the exact 15 distance between the coil 134a and _the target T
t her eby provi dist§REnf@¥F ndttiedtedhi 8tk | 248nabhe THRStAINMARY t ELxBtrol the

tissue-penetr aiongiehéiiall pbad tiienawiahie tiv mistageway 10.the | ength of

t he passageway 10 t [ r to
Figure 5g"' an a?f'g\?nat |eveg?}f§g heﬂl?r%{é% 1V%DS§ éiéqgtré{ t’%cge%!gt mass of
material whi chodi stented (@mafthaénukigh Mavobet ﬁ@n ‘Ffé*t%# iposhe18@me and

which is visibanagrVek. the hbhsprowiaiivet seelbl oxi stbhtedngkest 134b may be

precisely vi ewe?xown in Figure 34, but which differs from that shown in
Figure 3d in that it protrudes or extends beyond the ends

of the passageway 10, into adjacent portions of the

artery A and vein. When so deployed, this stent or

10 stented graft 26 will generally assume an ¥S"
configuration, as shown in Figure 3e, to facilitate

laminar, non~turbulent flow of blood in the desired

direction through the passageway 10. The dotted lines on

Figure 3e illustrate a "hemiprotrusive" embodiment of the

15 stent or stented graft 26 wherein one end thereof is

flush with one end of the passageway 10, while the other

end thereof extends into the anatomical structure (i.e.,

vein) adjacent that end of the passageway 10. Such
themiprotrusive" embodiment of the stent or stented graft

20 26 may be employed so as not to obstruct any available

blood flow through the artery A, and will be particularly

applicable in patients in whom the obstruction OB is not

complete, and in whom some arterial blood flow continues

to pass through the artery A. 1In other patients wherein

25 the obstruction OB is complete, it may be appropriate to
use the full "protrusive® embodiment of the stent or

stented graft 26 wherein such stent or stented graft 26

extends out of both ends of the passageway 10 into the

adjacent anatomical structures {(i.e., vein and artery),
. 30 as indicated by the dotted lines on Figure 3e.

Figure 3f shows another protrusive stent or stented
graft 28 which extends fully through a first blood flow
passageway 10a and an optional second blood flow
passageway 10b, and which additionally protrudes through

35 adjacent portions of the artery A and vein V, thereby
forming a continuous "Uu-shaped conduit through which



25 the MR image, and may be utilized to visually adjust the |ongitudinal
or rotational orientationamd positioning of the catheter 100 relative to
the target T. Moreover, the viewed distance between the marker 134b and the
target T may be utilized to enable the operator to control the 30 passage
of the tissu?-gﬁg fating elenent 102 to create a passageway 10 of the
desired | eng ﬁ between the bl ood vessel BV[err] w thin whi TS/ 16483 ot er
100 is located and the target T. Exanples of specific types of "active"

I magi ng 35 apparatus which may be associ4®ted with, nounted upon or

I ncorporated into the passageway-form ng catheter 100 to WO 97/ 13463
PCT/ US96/ 16483% %a#raaqrﬁ‘fc&?sug?’ét:i Rirodyifhiowomay BRSEnthrewsh drotihe

cat heter 100 wadsagewdylsoadayessbl, are shown in Figures 5h-51. Wth

reference to Figur e oh,1qnget ¥pErak; 8644 halt e 9r ARBAL ApdFv i Gl}, Y be

also be formed within any embodiment of the stent or

5 stented graft 24, 26, 28 or within a tubular lining 20,

or within a longitudinal constraining apparatus 22, or

otherwise within the passageway 10, to facilitate the

flow of blood in a desired direction(s) through the

passageway(s) 10 while deterring or preventing blood from

10 backflowing through the passageway(s) 10 in direction(s)
opposite the desired direction(s).

iv. Transvascular o) s <] i the

assagewa 1] B Vess

Figures 4a-4e and the following detailed

15 description, are provided for the purpose of illustrating

some approaches which may be utilized for forming

extravascular passageways 10 between two blood vessels,

to accomplish certain revascularization methods of the

present invention. The showings of Figures 4a-4e and the

20 following detailed description are not intended to

exhaustively illustrate all possible approaches which may

be utilized for forming such passageways 10, but rather

are provided as mere examples of presently perceived

approaches for such procedures. Furthermore, although

25 the showings of Figures 4a-4e illustrate applications

wherein an obstruction OB is present within one of the

blood vessels, the general approach is illustrated in

these figures may be applicable to various

revascularization methods wherein the passageways 10 are

30 formed for purposes other than bypassing obstructions, or

wherein the obstructions OB are located remotely from the

locations at which the passageway(s) 10 are formed.

Furthermore, it is to be appreciated that the approach is

illustrated in Figures 4a-4c need not necessarily be

35 performed between two blood vessels or between an artery

and vein. Indeed, these approaches may be applicable

between any blood vessel and any other hollow anatomical



S upon or incorporated into the passageway-form ng catheter 100 is a

ated i p—a—ecormreretal |y
avai | abl e devi ces known as the Smart Needl e, Cardiovascular Dynam cs,
Inc., Sunnyvale, California. 10 Wth reference to Figure 5h, the
Doppl er apparatus 136 is nounted upon or within the catheter_ 100 and S
ainmed or di rBOWVE3M6 a |ateral direction (e.g., perpendi culBGT S8/}
| ongi tudi nal axis of the catheter 100). The Doppl er apparatus 136 is
useable to locate and 15 discern a flow e##iFluid or other matter within the
target T. Thus, the enbodi ment shown in Figure 5h is usable when target T
conpri ses a bl mmm and gwaie begnaedpie fioxsveiRtia deinerartery ¢iod or

other matter isgfd R vERe B8PALtaEe ga‘sga@ewaygggl 1@rovi ded by the 20

Doppl er apparatus 136 and of.her, i nfor ernabl e therefrom enabl es
the operator to a) r?d]"irteudéanaﬂl?lw%ogln %rh afaﬁg?%?c%u ef"ﬁb’? fhe

Doppl er appar atwfm@m QOPnhngdeégﬁhébumiW%&n&et aniantesy With in
the target E (€ash éj@&'&hbegﬂh&r@ﬁn@%l@l@n@ﬂo@nﬁisaﬁa@@e@rf:‘%fny)theb)

rotationally Orcat tter}e 1%%t ; SUCh :Ersa'kt passageway 10a through the

wall of the artery A, through a tissue located between

the artery A and vein V, and through the wall of the

vein. After the first blood flow passageway 10a has been

10 created in this manner, a guide wire may be passed

through the tissue-penetrating element 102 or through the

catheter 100, and through the newly-created first

passageway 10a. Thereafter, the tissue penetrating

element is deactivated (e.g., retracted into the catheter

15 100), and the catheter is advanced over the guide wire,

through the first passageway 10a, and into the lumen of

the vein, past the site of the obstruction OB in the

adjacent artery A. Thereafter, with the distal portion

of the catheter positioned within the lumen of the vein,

20 the tissue penetrating element 102 is once again advanced

out of the catheter 100 to form a second blood flow

passageway 102 which extends through the wall of the

vein, any tissue located between the vein and artery A,

and through the wall of the artery A. Thereafter, the

25 tissue penetrating element 102 may be once again

retracted into the catheter 100 and the catheter may be

retracted from the vasculature and out of the body. 1In

this manner, +the approach shown in Figure 4a,

accomplishes formation of a first blood flow passageway

30 10a upstream of the arterial obstruction OB and a second

blood flow passageway 10b downstream of the arterial

obstruction.

Figure 4b shows an alternative approach wherein a

catheter 100 is transluminally advanced into the lumen of

35 a vein, and the distal end of the catheter is positioned

adjacent the location at which the first blood flow

passageway 10a is to be created. Thereafter, the tissue



the anplitude of the Doppler signal is peaked so as to indicate that the
Doppl er apparatus 136 is precisely ainmed at the center of flowwthin the
target T (e.g., the center of the lumen in a blood vessel) and c) 30
determ ne the di stance between the Doppl er apparatus 136 and the center of

flow W t hi gyd &@3kedr get T. Such determ nation of the di si@pe@eshgigyeen the
Doppl er apparatus 136 and the center of flow (e.g., lunen center) within

the target T will enable the operator to _control 35 the tissue-penetrating
el ement 102 such that the tissue- penet&ing el ement 102 will pass or

extend only g, dasidry dhshaRELdd OB JAG&PHIR! 8E A0 pathBEEDY: L M ng

VO 97/ 13463 . 543
passageway 10t% rferm e &irst bloed ol gt Rpssagaway) 188 theowgh dehe but not
traveling toowdBr ofs vedul U, pame tdilssuer bpewbenatiee A ncoNhral &t€sAa) Side of

the target T.,Afher +hBSuGRMIN $a1100s "B RERArPOR! t 1R18da bRt N S pe

S tissue penetrating element 102 is deactivated (e.g.,

retracted into the catheter 100), and the catheter is

advanced further through the vein V until the distal end

of the catheter is located adjacent the location at which

the second blood flow passageway 10b is to be created.

10 Thereafter the tissue penetrating element 102 is once

again passed out of the catheter 100, to form the desired

second passageway 10b through the wall of the vein V, and

tissue between the vein V and artery A, and through the

wall of the artery A. Thereafter, the tissue penetrating

15 element 102 is once again deactivated (e.g., retracted

into the catheter 100) and the catheter 100 may be

extracted from the venous vasculature and removed. In

this manner, the approach depicted in Figure 4b

accomplishes the formation of a £first blood flow

20 passageway 1l0a downstream of the arterial obstruction OB

and a second blood flow passageway 10b upstream of the

arterial obstruction OB, by cannulation and transluminal
catheterization of the vein V only.

Figure 4c shows another alternative approach wherein

25 a catheter 100 is transluminally advanced into an artery

A, and the distal end of the catheter 100 is positioned

adjacent the site at which the first blood flow

passageway 10a is to be formed. Thereafter, the tissue~

penetrating element 102 is passed out of the catheter 100

30 to form the first blood flow passageway 10a through the

wall of the artery, any tissue between the artery A and

vein V, and through the wall of the vein V. Thereafter,

the tissue penetrating element 102 is deactivated (e.g.,

retracted into the catheter 100) and the catheter is

35 further advanced through the lumen of the artery A and is

passed through the obstruction OB until the distal end of

the catheter 100 is located adjacent the site at which



5 first blood vessel BV[err], the Doppler apparatus 136 will be activated
-ahd—the —catheter—100—wtl-- be—evred-orgi-tudi-nal | y andier—rotat-ed--
until the Doppler signal is indicative of the desired flow within the

i maged portion of the target T and such that the anplitude of the 10

Doppl er S|gnal has peaked, thereby indicating that the Doppl er apparatus
136 has bee™8? &Eﬁ?y aligned with the target T. Thereaf? 4&*@3 )
frequency out put of the Doppl er apparatus 136 may be vari ed and t he
frequency which produces the peak anplit+4i® response will indicate 15 the
di stance fromthe Doppl er apparatus 136 to the target T. In this

enbodi nent, th&heasgeend kigedpélavwppassagear| 19k b2 hte beaformied)

structure wher gughf | saveiceminter ofS BhESCBAtheLeRS 100 beggbﬁsﬁrn%% soni ¢
i (i ravascul SPEEPRRRISE OP Midd ﬁ%ﬁiﬁ 175, 80 B3 EERle e e
passageway for engirsidtiladidar ab@mngeds glpmqh cthecabistrruohionme OB deo of t he
catheter 109. §uem§@£séfsﬁbé&ﬁaéwrwéaﬂé&.éﬂtt 'S opd LOBGLAG apfier at us
100 25 is pr %L ggﬂxyth !l)(sptructllolnn%%r (yucthaq%?.tla paésage of a
guide wire through the obstruction OB may be accomplished
in cases where the obstruction OB is partial, or where
the obstructive material is soft enough to permit a guide
10 wire to penetrate therethrough. However, in cases where
the obstruction OB is complete or formed of calcified
plague or other hard matter, the approach shown in Figure
4c may be less than viable and the operator will
typically opt for one of the approaches shown in Figures
15 4a or 4b in such cases. However, in cases where the
catheter 100 has been successfully advanced through the
obstruction OB as shown in Pigure 4¢, the tissue
penetrating element 102 will then be once again advanced
out of the catheter 100 to create the second blood flow
20 passageway 10b through the wall of the artery 10a, any
tissue between the artery A and vein V, and through the
wall of the vein V. Thereafter, the tissue-penetrating
element 102 will be deactivated (e.g., retracted into the
catheter 100) and the catheter will be extracted from the
25 arterial vasculature and removed from the body. In this
manner, the approach shown in Fiqure 4c accomplishes
formation of a first blood flow passageway 10a and second
blood flow passageway 10b in accordance with the present
invention.
30 ) Figure 4d shows another alternative approach wherein
a catheter 100 is provided with a positive pressure
pumping 104 for pumping positive pressure fluid (e.g.,
saline solution) through the catheter and out of a
plurality of positive pressure outlet apertures 106
35 formed in the body of the catheter 100 near the distal
end thereof. A proximal sealing member 108 (e.g., a
balloon which completely blocks the blood vessel lumen)



rotational distance away fromthe |ocation at which the tissue-penetrating
el emrent 102 will pass out of the catheter 100. After the catheter 100 has
been positioned within a first blood vessel BV[ferr], the catheter 100 may
be 30 rotated until the target T (e.g., blood vessel, pulsating tissue, or

ot her targef |locatjons visible by ultrasound imaging) is i |
al i gnnment, r&i”?lguai rectly imaged by, the ultrasound appar&ﬂé&?’g@t her eby
i ndicating that the catheter 100 has been longitudinally and rotationally

35 oriented to cause the tissue-penetratd4ry el enent 102 to pass through

the wall of the flrst | ood vessel EVLerr] and.into the target T, as
i nt ended. WE ofpragd;on the catheter, " proximal to the positive

PCT/ US96/ 16483pfe=§suzsa butilet aperthages he6 radnseparabdidilstalf sesling
transmtter/ reg& 15893 398 8sS fQéléh WiARIN khEr %iﬂnﬁﬁ df 04y be

utilized to ac reci_se rotati ohal orlentatlon
passageway- f or ied ‘6at hghtly MRgtrgamspbythe ﬁétflvg?r?rﬁ%nﬁi%@d or
recei ver wig e blood flow passageway 10b is to be created. The catheter

100 is advanced through the lumen of the vein V until the

distal end of the catheter is positioned adjacent the

site of at which the second blood flow passageway 10b is

to be created. Thereafter, the proximal sealing member

10 108 is deployed (e.g., inflated) so as to completely seal

the vein V proximal to the positive pressure outlet

apertures 106 of the catheter 100. Thereafter, positive

pressure fluid (e.g., saline solution) is passed through

a lumen of the catheter and out of the positive pressure

15 outlet apertures 106, to cause the pressure P, within the

vein V to become elevated and, preferably, substantially

equal to the mean pressure P, within the artery A. Such

pressurization of the lumen of the vein V provides a

viable method of identifying the presence of any venous

20 side branches SB which may require ligation, closure or

embolization so as to prevent any significant steal of

blood from the newly-created wvenous bypass conduit.

Additionally, such pressurization of a lumen of the vein

V may be maintained while the tissue-penetrating element

25 102 is advanced out of the catheter 100, through the wall

of the vein V and through the wall of the artery A to

form the passageway 10 of the present invention. Such

equalization of the pressure P, within the vein V to the

pressure P, within the artery also serves to prevent any

30 rapid gush or flow of blood from the lumen of the artery

A into the lumen of the vein V when the passageway 10 is
created.

Figure 4e shows another alternative approach wherein

a first catheter 100 is advanced into the artery A, and

35 a second catheter 100 is advanced into the vein V. 1In

some instances, the first and second catheters 100 will

be advanced in generally opposite directions, as shown in



140a is positioned on or within the wall of the passageway-form ng catheter

—3+86—=at—a—spect+firc—tocatton—orrore—st+de—of—tte—cat-het er 1086—Fhe—tocati on

of this first transmtter or receiver wire 140a is preferably 10

i medi atel y adj acent the location at which the tissue- penetrating el enent
102 will exit the catheter 100. A second transmtter or receiver wire 140b
is positi oMEY* ¥ n the target T (e.g., second bl ood vesEHUSIAF4EEt tissue
or other location into which the tissue- 15 penetrating el enent of the
passageway-form ng catheter 100 is to betgassed). After the catheter 100
has been advanced into the first blood vessel BV[err], the catheter will be
rot at ed whil eFagurgnde- i SThaneaafsers r she ohbsayenpenetrating ebements wire

140a, 140b sugbztéfttifdiGlesplct svgnedthHatierec108Cate/ o1 zbBet Ot f5Fm
transmtter oL may

continue to bei%%gglr\xécgrsue\#to:hﬁ %ﬁ‘gg% %%gaéggé%é?%s"gﬁgﬁgpoﬁ e%‘?%ehgrthe
recei ving trahbfi eFservedeiand veie ¥Y40as Bhown.s pEusewhfteror ethe
i ndi cat i ngs t hgi séhie-pénetiidting &é1a@isild 162//A0ChY HeackivBted AR g,aNd
second transmLiel [EFCIMY e’ GatfOPell &Y WS tns' O5E8lters 100

will be extracted from the vasculature and removed from

the body. 1In this manner, the approach shown in Figure

4e accomplishes the formation of first and second blood

10 flow passageways 10a and 10b between the desired blood
vessels, in accordance with the present invention.

v. Methods an aratus for Controllin Aimin

and Guiding a Tissue~Penetrating Element
and/or Ancillary Devices Used to Form the
1s Extravascular Passageway(s)

Figures 5a-51 show examples of apparatus which may
be utilized for orienting, aiming, controlling and/or
guiding the tissue-penetrating element 102 as it is

advanced from the catheter 100 of the present invention,
20 to create desired extravascular passageway 10. In
general, these orienting, aiming, controlling and guiding
apparatus are intended to position the catheter 100 such
that, when the tissue-penetrating element 102 is passed
out of the catheter 100 it will come into contact with
25 and penetrate the wall of the blood vessel within which
the catheter 100 is positioned. It is to be appreciated
that the drawings set forth in Figures 5a-51 and the
following detailed description are provided as mere
examples of the types of orienting, aiming, controlling
30 and/or guiding apparatus which may be utilized in the
present invention, and are not intended to exhaustively
show or describe all possible apparatus which may be used
for these purposes. Furthermore, it is to be understood
that any or all of the apparatus shown in Figures 5a-51
35 and described herebelow may be combined with any other
element of the invention described herein to form a
*system® whereby the passageway-forming catheters 100 of



point, thereby indicating that the catheter 100 has been positioned in its
desired rotational orientation within the first blood vessel BV[err].
Additionally, one or both of 30 the receiver wires 140a, 140b nay be
positioned in the. respective blood vessel BV[err] and/or target area T to

effect thewipshsgd | ongi tudi nal positioning of the cathetgirddgnsks hin the
bl ood vessel BV[err], when the nonitored signal between the wres 140a,

140b so 35 indicates. Figure S5k shows alternative arrangenment wherein

i nduction coil 142 is formed upon or within the wall of WD 97/ 13463

PCT/ US96/ 16483, s 3f-edch® iRFSHEES ey BNLPY hej; 1 specific
| ocati on mhigﬁm%gg?%s onas to the SP{G fron?%ﬁ?%h t gdfiggﬁga%%he rating

el ement 102 wP¥|9%hded the catheter 100. A transmitter wire 144 is
positioned wthinRiyure $arghows (eney. apprcacil khesdimeanel actiarget tissue

or imaging device 50 is positioned within the same blood .
5 vessel as the catheter 100 of the present invention.
This active imaging device 50 may comprise any suitable
type of catheter borne imaging device, including, but not
limited, to an intravascular ultrasound apparatus (IVUS
catheter), a Doppler apparatus, an angioscope, etc. 1In

10 many instances, the active imaging device 50 will have a
sensor (e.g., ultrasound transducer, sonic transducer,
form image~receiving lens, etc.) formed at a specific
location thereon. It will typically be desirable for
such sensor 52 to be located immediately adjacent the

15 location at which the tissue-penetrating element 102 is
to enter the blood vessel wall in order to provide the
desired observation, aiming and guidance of the tissue-
penetrating element 102. It will be appreciated, that
the active imaging device 50 may be mounted upon or

20 formed internally of the passageway-forming catheter 100,
may be carried within a monorail or sidecar formed on the
catheter 100 (see Figs. 9-10), or may be located within
a wholly separate and discreet catheter body, as is shown
in Figure 5a. Embodiments of the a passageway-forming

25 catheter device 100 which incorporate means for mounting
of at least a distal portion of the active imaging device
50 within the passageway—-creating catheter 100 are
specifically shown in Figures 9-10, and are fully
described herebelow with reference to such figures.

30 One alternative approach for observing, aiming and
guiding the tissue-pehetrating element 102 is shown in
Figure 5b, wherein the active imaging device 50 is
positioned within the blood vessel into which the tissue~-
penetrating element 102 of the, passageway-creating

35 catheter 100 will pass. As shown in Figure 5b, the
sensor 52 of the imaging device 50 may be located
immediately adjacent the site at which the passageway 10

K BN



ot her location into which the tissue-penetrating elenent 102 of the
catheter 100 is intended to pass) the transmitter wire 144_is-energized so

as to emt an electromagnetic signal and the induction coil 142 is also 10
energi zed. Thereafter, the catheter 100 is rotated until the phase and
anplitude of the S|gnal within the induction coil 142 indicates that the

i nduction cwol971383is at its closest point to the transn ®CEUSHI683100,
thereby confirmng that the catheter 100 has been placed 15 in its
appropriate rotational orientation to cagge the tissue-penetrating el enent
102 to pass fromthe catheter 100, through the wall of the first BV[err],
and into the tiay gat Pe foxmed, SdudH |tistt athes sémsomnd2rmay abmchodir st and

20 second m Qa2 tﬁéﬁ%llgéfa‘é- ef?f‘aﬁtd 'eaeasl.ehe %%esfs g&e@ﬁsnaet ational

orientation of passagemaﬁ nln het er . Lrst magnet 146a
i s positioned I9mocaiherPr 2RA- méPWa FH% §5§§%§eﬁéy°FoFﬁFn§°Eé fieter 100
at- a specific imaAahgodewheces@orresponds to the site from25 which the

tissue-pengtratingg gpﬁgznéc %vv& ldnothiel hiEefRALE)E apibachhGnenoNd

magnet 146D is posiironed
incorporates the use of a secondary imaging apparatus 54

(e.g., a passive or co-active apparatus) in addition to
the primary active imaging device 50. This secondary
imaging apparatus may be formed on the passageway-
10 creating catheter 100, or on the tissue-penetrating
element 102 itself, and is capable of communicating with
or being sensed by the preliminary imaging apparatus 50.
The primary imaging device 50, having a sensor 52 located
thereon is positioned in the blood vessel adjacent that
15 in which the passageway-creating catheter 100 is located.
The active imaging device 50 will sense or communicate
with the secondary imaging apparatus 54 so as to provide
direct means for observing, aiming and guiding the
tissue-penetrating element 102. In this embodiment, the
20 secondary imaging apparatus 54 may comprise any suitable
type of substance or apparatus which is interrogable,
imageable, or otherwise discernable by the active imaging
device 50. For example, the sensor 52 of the active
imaging device 50 wmay comprise a radio frequency
25 transmitter and the secondary imaging apparatus 54 on the
passageway-creating catheter 100 may comprise a radio
frequency transponder which may be interrogated by, and
will emit a responsive signal to, a radio signal emitted
by the radio freguency transmitter of the active imaging
30 device 50. Alternatively, in embodiments where the
active imaging device 50 is a fluoroscope, intravascular
ultrasound (IVUS) device or Doppler, the secondary
imaging apparatus 54 on the passageway-forming catheter
100 may comprise a radio opaque marker, reflective
35 surface or sounding aperture from which radiation, sonic
or ultrasonic energy.may be reflected back to the active
imaging device 50. Examples of the types of sounding
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second catheter 148 which is inserted into the target T (e.g., second bl ood
vessel, target tissueor—other |ocation into which the tissue-penetrating
el enent 102 is 30 to be passed). The passageway-form ng catheter 100 is
then rotated, or is allowed to auto rotate) until the first magnet 146a and

second nmagneyodbdgfassire in alignnment wth and as cl ose as peggigRbdichss one
anot her, thereby indicating that the passageway-formng catheter 100 has 35

been pl aced in its correct rotational orls tation to cause the
ti ssue-penetrating elenent 102 to pass th ugh V\D 97/ 13463

PCT/ US96/ 16483Deg';g ,‘{IJ;% wg.l SuPfaddie Jﬂl@tm ures Ev%lﬁrou ‘ﬁp%fl nto the

target T. B. I ces of the Present, | nvent show
devi ces of the Y%eseift %F%Wn&ﬂﬂl?ﬁl5&?%%??9%?%&59& PE edemBRrk dR8r &Pascul ar
passageways 10 emhaaeeoviianakizattion bhepees dsyt ahratiilvieoimaging device

50 are described in United States Patent No. 4,977,897
5 (Hurwitz).

Figure 5d shows a system wherein magnets 57a, S57b
are mounted within modified passageway-forming catheters
101a, and are used in conjunction with a tissue-
penetrating guide wire 103 having a sharpened distal tip

10 107, to form a passageway 10 between two blood vessels
BV,, BV, as shown, each of the catheters 101la, 101b has
a magnet 57a, 57b mounted in one side thereof. Each
magnet, and adjacent inserts formed within the catheter
body has a hollow lumen 109 extending therethrough. In
15 this manner, the lumenal openings in the magnets 57a, 57b
may be positioned in direct alignment with one another,
utilizing the attractive force of the magnets 57a, 57b to
accomplish such aligned positioning. Thereafter, the
tissue-penetrating guide wire 103 having the sharpened
20 distal tip 107 may be advanced through the guide wire
lumten 109a of the first catheter 101a and out of the
lumenal opening in the magnet 57a of that catheter 101la,
through the wall of the first blood vessel BV,, through
any tissue located between the first blood vessel BV,,
25 and the second blood vessel BV,, through the wall of the
second blood vessel BV, and into the lumenal opening of
the magnet 57b of the other passageway-forming catheter
101b. In this manner, the tissue-penetrating guide wire
103 will have formed a passageway 10 between the first
30 blood vessel BV; and a second blood vessel BV,. It will
be apprec1ated that the distal tip 107 of the tissue~
penetrating guide wire 103 may comprise a sharp distal
tip which is retractable into the guide wire such that
the guide wire GW may remain within the blood vessels
35 after the catheters 101a, 101b have been removed.
Alternatively, the tissue-penetrating guide wire 103 may
be a laser wire, hot wire or any other type of tissue-~
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or to otherw se nodify or equip such passageways 10. It is to be
appreciated that the showngs of Eligures-6-12-and-the detailed-deseriptions

set forth herebelow are 10 intended to describe and illustrate certain
exanpl es and presently preferred enbodi nents of the devices only, and are
not intended to exhaustively list and describe all possibl e _devices or
embodi ment sSWOPTABIBh t he present invention may take physi E&TYS3FIis3 5

i Exit Schenes For Facilitating Passage of the Tissue-Penetrating

El ement Qut of the Catheter Figures 6a-6k9show exanpl es of arrangenments and
appar atus whereby a tissue-penetrating el ement 102 20 useable to initially
form an extrenﬂﬁnﬁﬂﬁﬁtlﬁsssagwﬂﬁy 1§“égaph8 ofot h&opresdbe | faaiTiedn, may be

passed out of my gway-formng catheter 100 p05|t|oned mnthln the | umen

T L
posi tioned, smpassive qaddpgrapbicRbly e‘dl%mlr‘a\iwdﬁﬁrér texmedgapan 80. The
det ai | ed d%scrgbéﬁééyéw%fr'fbgﬁiﬁé Banliteseiod ot thdprebBehew iR onef erence
to various types %fe iTi%ed to effect precise rotational positioning
of the catheter 100 prior to formation of each
extravascular passagewvay 10. Figure 5e shows, in
schematic fashion, a passageway-creating catheter 100
10 positioned within a first blood vessel BV, with the
intention of forming a passageway 10 in accordance with
the present invention from the first blood vessel BV,
into an adjacent target T (e.g., a body cavity, mass of
tissue or another blood vessel). A radiographic imaging
15 apparatus 118 such as a fluoroscope or x-ray device is
utilized to provide a radiographic image of the first
blood vessel BV, and second blood vessel BV, on a screen
120 (e.g., an x-ray cassette or fluoroscopy screen).
Figure  S5e’ shows a catheter 100 having
20 radiographically visible (e.g., radio~opaque or radio-~
lucent) markers 122a, 122b formed at longitudinally
spaced apart locations on opposite sides of the catheter
100. These radiographically visible markers 122a and
122b are preferably at equivalent elevational positions
25 relative to the height H of the catheter 100, but are
spaced apart longitudinally, as shown. Thus, precise
rotational positioning of the catheter 100 may be
achieved by causing these radiographically visible
markers 122a, 122b to become directly aligned on the
30 screen 120 at equivalent elevational positions, as shown
in the lower side box of Figure Se’.

Figure 5e’’ shows another type of passive marking
system which may be utilized to achieve precise
rotational positioning of the catheter 100. with

35 reference to Figure 5e¢’’, the passageway-forming catheter
100 has a circular radiographically visible marking 124
on one side and a disk or dot shaped radiographlcally



penetrating elenments 102. The term "tissue-penetrating 30 el ement” as used
herein is intended to é&ficonpass all possible types of elongate nenbers
which may be utilized to penetrate tissue, devices or apparatus which may
be utilized to penetrate tissue, or flows of energy (e.g., heat, |aser

beam etc.) wWdeskly be used to penetrate 35 tissue. ThaSprowleRtusst 1S
stated that the tissue- penetrating elenent 102 is "passed" out of the -

cat heter 100, such statement shall not necessarily inply the WO 97/ 13463
PCT/ US96/ 16483 -58- passage of a solid el afent from the catheter body, but

pavsage of a 11 BarhedEed by e HeaaS AR IR, MRS Mo”0 o

.

manner and di r eB}¥SHLaF Wﬁﬁnw 1934~créﬁt"éﬁtsn@aﬁﬁg¥r dFesiseayatatienal
passageway 10. podigidweimgpref the stathettrr appoeaiayt ebet Bthikkedshan ngs of
Figures 6a-6i agguéﬁ?g d@ﬁgrhfékogrpﬁ@ﬁi %Q\pieﬁ marking 126 to becone
5 positioned within the circular marking 124, as viewed on
the screen 120. This is illustrated in the lower side
box of Figqure S5e’.

Yet another type of radiographically visible marking
which may be utilized to attain precise rotational

10 positioning of the catheter 100 is shown in Figuré Se’’’.
With reference to Figure 5e’’’, there is provided a
catheter 100 having two (2) radiolucent apertures 128a,
128b of substantially equivalent size, formed directly
opposite one another, on opposite sides of the catheter

15 100. In this manner, precise rotational positioning of
the catheter 100 may be achieved by rotating the catheter
100 until the first and second radiolucent apertures 128a
and 128b become directly aligned with one another such
that they appear as a single opening when viewed upon the

20 screem 120, as illustrated in the side box of PFigure
S5e’’’.

Figure 5f-5f’ show the manner in which an
ultrasonically visible marking 130 formed upon the
passageway-forming catheter 100 may be utilized in

25 conjunction with an  extracorporeally positioned
ultrasound imaging transducer 132 to effect precise
rotational orientation of the catheter 100. As shown,
the ultrasonically visible marker 130 is formed at a
specific location on the catheter 100, such specific

30 location having a known relationship to the site and
direction in which the tissue-penetrating- element 102
will pass from the catheter 100. The extracorporeal
ultrasound imaging transducer 132 is positioned on the
body so as to image both the blood vessel BV, wherein the

35 passageway-forming catheter 100 is positioned and the
target (e.g., second blood vessel, tissue mass, or other
target location) into which the tissue-penetrating



conjunction wth such figures is not intended to describe or illustrate al

—possi-ble—arrangenent-s—or—apparat-us—by—to—whi-ch—the ti ssue—penetrati-ng

el enents 102 may be passed out of the passageway-form ng catheters 100 of
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its proper rotational orientation to cause the tissue-
penetrating element to pass into the target T.

Figures 5g-5g’’ illustrate the manner in which
passive markers on the passageway~forming catheter 100
are utilized in conjunction with a magnetic resonance
imaging (MRI) system, to effect precise longitudinal and
rotational positioning of the catheter 100 as well as for
determination of the distance between the blood vessel in
which the catheter 100 is located and the target T, so as
to provide a means for determining the distance which
must be traveled by the tissue-penetrating element 102 in
order to form the desired passageway between the blood
vessel BV, and target T. 1In this embodiment, the body of
the catheter 100 is formed of material which is visible
by MRI. Additiocnally, a discrete MRI marker 134 is
formed on the body of the catheter, at a specific
location. The marker may comprise an induction coil 134a
or a small mass of matter 134b which differs from the
material of which the catheter body 100 is formed so as
to be specifically visible on MRI.

With specific reference to Figure 59/, the induction
coil 134a is positioned on or within the wall of the
catheter 100 at a specific location, and is connected by
wires 135 which. extend through <the catheter to an
exterior location where they may be connected to a
suitable current source, oscilloscope and/or other
monitoring system whereby current, phase and amplitude of
the electromagnetic field within the coil 134a may be
monitored. In this manner, movement of the catheter 100
within the MRI scanner 135 will cause the location of the
coil 134a to be altered within the variable but known

il i
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e

al l oys and pol yners such as nickel titaniumalloys. 30 Fi gure 6a
shows an enbodi nent of thé passageway- form ng catheter 100a wherein a

| umen 112a extends longitudinally through the catheter 100a and term nates
distally in a distal end aperture 114, The tissue- penetrating el enent
102 conpriseswa whaswhent, resilient 35 nenber, as defined ReHARBOY&Rss Wen
retracted within the lunmen 112, this enbodi nent of the tissue-penetrating
el ement 102 assunmes a substantially strai gt Eét non- bent or WD 97/ 13463
PCT/ US96/ 16483 -59- mninmally bent configu lon in conformance to the

surroundi ng wal | nég}% cal OEd egrggggd Ig?.\/\e,\_/@é Mw@ergl,,%}eemt | ssye- Ip,g{%t rating

el ement 102 is ad nced out of the outl erture 1 In the d end
of the cathet er BRARNRK), S3CRMPYRRSRE @Fa fhBekeT % within; the MRdune its
pre-bent confi gufiélidnwslthriebalttt ie da sth&m@adinf cilteeht$ S phapenainddat i ng

el ement 102 wi || penQljd. e PROVAPriHE phase and amplitude information
5 received from the coil 134a may then be utilized to

determine the precise location of the coil 134a relative

to the target T. Moreover, if the co0il 134a becomes

located out of the specific plane which is being imaged

by the MRI scanner 135, such will indicate the catheter

10 100 has been longitudinally moved out of the desired
plane. In this manner, the coil 134a may be utilized for
precise longitudinal, and rotational orientation of the
catheter 100. Moreover, the information received from
the coil 134a may be utilized to determine the exact

15 distance between the coil 134a and the target T thereby
providing information which will enable the operator to
control the tissue-penetrating element 102 in a manner
consistent with the length of the passageway 10 to be
formed.

20 With specific reference to Figure 5g’‘, an
alternative MRI marker 134b comprises a discrete mass of
material which differs from the material of the catheter
body 100, and which is visible on MRI. In this manner,
the MRI-visible marker 134b may be precisely viewed on

25 the MRI image, and may be utilized to visually adjust the
longitudinal or rotational orientation and positioning of
the catheter 100 relative to the target T. Moreover, the
viewed distance between the marker 134b and the target T
may be utilized to enable the operator to control the

30 passage of the tissue-penetrating element 102 to create
a passageway 10 of the desired length between the blood
vessel BV, within which the catheter 100 is located and
the target T.

Examples of specific types of *"active" imaging

35 apparatus which may be associated with, mounted upon or
incorporated into the passageway-forming catheter 100 to
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incorporated in a commercially available devices known as
the Smart Needle, Cardiovascular Dynamics, Inc.,
Sunnyvale, California.

With reference to Figure 5h, the Doppler apparatus
136 is mounted upon or within the catheter 100 and is
aimed or directed in a lateral direction (e.g.,
perpendicular to the longitudinal axis of the catheter
100). The Doppler apparatus 136 is useable to locate and
discern a flow of fluid or other matter within the target
T. Thus, the embodiment shown in Figure Sh is usable
when target T comprises a blood vessel or other
anatomical structure wherein fluid or other matter is
flowing. The amplitude of the signal provided by the
Doppler apparatus 136 and other information discernable
therefrom enables the operator to a) 1longitudinally
position the catheter such that the Doppler apparatus 136
is imaging the desired flow characteristics with in the
target T (e.qg, downstream of an obstruction and an
artery), b) rotationally orient the catheter such that
the amplitude of the Doppler signal is peaked so as to
indicate that the Doppler apparatus 136 is precisely
aimed at the center of flow within the target T (e.g.,
the center of the lumen in a blood vessel) and c)
determine the distance between the Doppler apparatus 136
and the center of flow within the target T.  Such
determination of the distance between the Doppler
apparatus 136 and the center of flow (e.g., lumen center)
within the target T will enable the operator to control
the tissue-penetrating element 102 such that the tissue-
penetrating element 102 will pass or extend only the
desired distance from the catheter 100, thereby forming

l'y
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100b having a lunmen 112 extending |longitudinally 30 therethrough and
termnating distally in"‘@side wall outlet aperture 114b. A deflector
surface 115 is formed within the |lunmen 112b, between the side wall aperture
114b, and the contral ateral surface of the lunmen 112b. A tissue-penetrating
el ement 102 fawoywHadss pliable 35 material is of a substanti aldyusséasht
configuration when retracted within the [unmen 112b. However, when .
advanced in the distal direction, the di st_%l4__end of this WO 97/ 13463
PCT/ US96/ 16483 -60- tissue-penetrating elenent 102 will be deflected by the

defl ector surfacg gedsagem@yWib!ided ttdhechedy of £1wy qat get eludddp Jehr ough
side wall aperture 114b. .Ih this manne trga ti_ssue- pencit rati ng el enent nmay
be caused to 5 exi¥ @eﬁoﬁv‘: (ﬂp‘it ﬁgagﬁiﬁ%‘?e oo 485 7% SPU1S: BRRFEWES &% i on
rel ative to the porkpraidi kale ggntralYeéraheickt oét the 18@bget T.

After the catheter 100 has been positioned in the

5 first blood vessel BV,, the Doppler apparatus 136 will be
activated and the catheter 100 will be moved
longitudinally and/or rotated until the Doppler signal is
indicative of the desired flow within the imaged portion

of the target T and such that the amplitude of the

10 Doppler signal has peaked, thereby indicating that the
Doppler apparatus 136 has been directly aligned with the
target T. Thereafter, the frequency output of the
Doppler apparatus 136 may be varied and the frequency
which produces the peak amplitude response will indicate

15 the distance from the Doppler apparatus 136 to the target
T. In this embodiment, the target T must be a blood
vessel or other anatomical structure wherein flow of
matter is present, so as to be discerned by sonic (e.q.,
Doppler) means. '

20 Figure 5i shows an embodiment wherein an
intravascular ultrasound imaging apparatus 138 is
positioned on the passageway forming catheter 100 at a
specific location on one side of the catheter 100. Such
specific location of the ultrasound imaging apparatus 100

25 is preferably a known linear distance and known
rotational distance away from the location at which the
tissue-penetrating element 102 will pass ount of the
catheter 100. After the catheter 100 has been positioned
within a first blood vessel BV,, the catheter 100 may be

30 rotated until the target T (e.g., blood vessel, pulsating
tissue, or other target locations visible by ultrasound
imaging) is in direct alignment, and is directly imaged
by, the ultrasound apparatus 138, thereby indicating that
the catheter 100 has been longitudinally and rotationally

35 oriented to cause the tissue-penetrating element 102 to
pass through the wall of the first blood vessel BV, and
into the target T, as intended.



Figure 6c shows a catheter device 100c having a lunen 112c extending

longitudinally therethrough and 10 —ter-nati-hg-distally i-h—a-side-wall

outl et aperture 1ll4c.

The tissue-penetrating elenent 102 may be a pre-bent

resilient menber and is of a substantially straight configuration when
fully retracted into the lumen 112c of the catheter 100c. However,

this ti ssué¥YBa8HEWRKting 15

direction, the distal end of such pre-bent resilient nmenber 102 w
self-locate and pass out of the outlet sggefture 114c due to its

tendency to

abut ment agai nst oFiggre

seek its dg;e-bent configuration, wthout any need for
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s pos;tiggééaﬂgxl%é’ ggghfh the wall of the

passageway-forming catheter 100 at a specific location,
on one side of the catheter 100. The location of this
first transmitter or receiver wire 140a is preferably
immediately adjacent the location at which the tissue-
penetrating element 102 will exit the catheter 100. A
second transmitter or receiver wire 140b is positioned
within the target T (e.g., second blood vessel, target
tissue or other location into which the tissue-
penetrating element of the passageway-forming catheter
100 is to be passed). After the catheter 100 has been
advanced into the first blood vessel BV,, the catheter
will be rotated while a signal is emitted from one
transmitter or receiver wire 140a, 140b such that such
signal may be received by the other transmitter or
receiver wire 140a, 140b. In this manner, the catheter
may continue to be rotated until the amplitude of the
signal received by the receiving transmitter/receiver
wire 140a, 140b is peaked, thereby indicating that the
first transmitter/receiver wire 140a and =second
transmitter receiver wire 140b are at their closest
point, thereby indicating that the catheter 100 has been
positioned in its desired rotational orientation within
the first blood vessel BV,. Additionally, one or both of

the receiver wires 140a, 140b may be positioned in the .

respective blood vessel BV, and/or target area T to
effect the desired 1longitudinal positioning of the
catheter 100 within the blood vessel BV,, when the
monitored signal between the wires 140a, 140b so
indicates.

Figure 5k shows alternative arrangement wherein
induction coil 142 is formed upon or within the wall of



defl ector surface 186 forned on the proximl side 30 thereof, in direct
alignment with the distal end outlet aperture 114d of the lunen 112d of the
catheter 100d. The tissue-penetrating elenment 102 in this enbodi nent nmay
conprise either a pliable nmenber or resilient, pre-bent nenber which

assunmes a subetannsessly straight or 35 mninmally bent confirgurabéagsiavhi ch
confornms to and is retractable into the lunen 114d of the catheter, as -
shown. However, when the puncturing el eqggt 102 is WO 97/ 13463

PCT/ US96/ 16483 -61- advanced out of the distal end opening 114d of the

catheter, the digial gdgaa Pgwagefgtﬁ p_e&q{ert@tri ngogl egentg 1 Ifilcabut
agai nst the defl ectqr, sur anvi | ]§80 an

o Wi |
t hereby def | ect etPCHIGH 3’3}}-"2} cgﬁgggop‘é Sh&Rd t&re TR YR1eR é‘rhél
direction, such tiﬁﬁuq—ipsntemssuengenéemant ndoal eriddt emil| tmscathetiegh t he

wal | of the bl 00fho/eSSg! tBinsfttdOWhire 144 is positioned within the

5 target T (e.g., second blood vessel, target tissue or

other location into which the tissue~penetrating element

102 of the catheter 100 is intended to pass) the

transmitter wire 144 is energized so as to emit an

electromagnetic signal and the induction coil 142 is also

10 energized. Thereafter, the catheter 100 is rotated until

the phase and amplitude of the signal within the

induction coil 142 indicates that the induction coil 142

is at its closest point to the transmitter wire 100,

thereby confirming that the catheter 100 has been placed

15 in its appropriate rotational orientation to cause the

tissue~penetrating element 102 to pass from the catheter

100, through the wall of the first BV,, and into the
target T.

Figure 51 illustrates the manner in which first and

20 second magnets 1l46a-146b may be utilized to effect

precise rotational orientation of the passageway-forming

catheter 100. The first magnet 146a is positioned on or

within the wall of the passageway-forming catheter 100 at

a specific location which corresponds to the site from

25 which the tissue-penetrating element 102 will exit the

catheter 100. The second magnet 146b is positioned on a

second catheter 148 which is inserted into the target T

(e.g., second blood vessel, target tissue or other

location into which the tissue-penetrating element 102 is

30 to be passed). The passageway-forming catheter 100 is

then rotated, or is allowed to auto rotate) until the

first magnet 146a and second magnet 146b are in alignment

with and as close as possible to one another, thereby

indicating that the passageway-forming catheter 100 has

35 been placed in its correct rotational orientation to

cause the tissue-penetrating element 102 to pass through



Preferably, the deflector surface 186 of the anvil nmenber 180 is not
conti nuous with the inner surface of 10  the lumen 112d-of-the-catheter

100d. Figure 6e shows another enbodi ment of the catheter device 100e
wherein the catheter device 100e conprises a retractable outer catheter
sheat h 190, and an el ongate inner nenber 192 having a pre-bent. resilient
tube 194 WOOTMMEIed within or nounted within the distal B5oRSPEIFBher cof .
The el ongate inner nenber 192 has a blunt distal tip 196 and an el ongate
si de opening 198 forned therein, such-shat when the outer catheter sheath
190 is retracted in the proximal direction, the pre-bent resilient tubular
20 nmenber HigM wall ofptiheg HiRstarkiged ovessel BVe-dedt intat débsl | y- curved
configuratioghri?i ghown. The tissue- penetrating elenent 102 of this

a

enbodi ment y .pLiable nenber ar re-bent resilient nenber which
wi || assunqu'pr < = therg) sent inVel 93 ced out of the 25 distal
end openi ng 1l4e Figuxres i6n threughstl®l shew slevigesi ofertheilpreasemter 194. In

this manger, i ddehtiion DeRLchUbgraeiach4 BBY EBER dektrsfastidlag, Alerr]
when thecat el el SR5a Do 10 acor8hhag!wihd i g RLOK Bl sl o and
or to otherwise modify or equip such passageways 10. It
is to be appreciated that the showings of Pigures 6-12
and the detailed descriptions set forth herebelow are
10 intended to describe and illustrate certain examples and
presently preferred embodiments of the devices only, and
are not intended to exhaustively list and describe all
possible devices or embodiments in which the present

invention may take physical form.

15 i. Exit Schemes For Facilitating Passage of the
Tissue-Penetrating Element Out of the Catheter
Body

Figures 6a-6i show examples of arrangements and

apparatus whereby a tissue-penetrating element 102

20 useable to initially form an extravascular passageway 10
of the of the present invention, may be passed out of a
passageway-forming catheter 100 positioned within the
lumen of a blood vessel such that the tissue-penetrating
element 102 will pass through the wall of the blood

25 vessel in which the catheter 100 is positioned, so as to
create the desired extravascular passageway 10.

The detailed description of Figures 6a—-6i set forth
herebelow makes reference to various types of tissue-
penetrating elements 102. The term "tissue-penetrating

30 element" as used herein is intended to encompass all
possible types of elongate members which may be utilized
to penetrate tissue, devices or apparatus which may be
utilized to penetrate tissue, or flows of energy (e.g.,
heat, laser beam, etc.) which may be used to penetrate

- 35 tissue. Thus, when it is stated that the tissue-
penetrating element 102 is *passed" out of the catheter
100, such statement shall not necessarily imply the



the pre-bent, resilient tissue penetrating elenent 102 30 may form an

addi tional second angle Alerr] when it is advanced out of the distal end
opening 114e of the pre- bent tube nenber 194, such that the first angle
Alerr] and second angle A2 will conbine to forma resultant third angle
Alerr] betweinids direction in which the distal tip of Fernmdséieass

ti ssue-penetrating elenment 102 is ainmed and the |ongitudinal axis LA of the
cat heter 100e. As expl ained in detail hg&eabove t he angl e A3 between the
direction WD 97/ 13463

PCT/ US96/ 16483 s fidre Qs fah%oqllat @heﬁtéﬂtofrénﬁ‘etﬁé UG, | nggl ement 102

and the |ongitudi nal axi t he cat heter 100e does not Nécessarily

dictate or d&@¥hé ﬁ?e‘ﬂﬁ‘&jc‘:‘% thRgPRELALIRR cRE{ At LESUSRARSETAFIRG | be
fornmed by t heappae:sﬂms ér yenpasasagepileefitov dD2nergpdeedy. | heat,
ti ssue- penet rafd @he 19§T1§@e’ezb%da:¥ 3RY aSHbhALL eaﬁﬁ'ﬁix%é!t%hon
I ncl udi ng a cqnti uous curvel | near figuration
wluc will create the desired eéxtravascular passageway
10. Furthermore, it shall be appreciated that the
showings of Figures 6a-6i and the description provided in
conjunction with such figures is not intended to describe

or illustrate all possible arrangements or apparatus by

10 which the tissue-penetrating elements 102 may be passed
out of the passageway-forming catheters 100 of the
present invention. Additionaily, the following
detailed description makes reference to some tissue-
penetrating elements 102 which comprise a "pre-bent

15 resilient member?”. The term "pre-bent resilient member"
shall mean a member which when unconstrained will assume
a curved or curvelinear configuration but which is
sufficiently flexible to be withdrawn into and
constrained by a lumen of the catheter device 100 without

20 causing plastic deformation of the member. Examples of
materials which may be utilized to form the pre-bent
resilient members useable to form some of the tissue-
penetrating elements 102 of the present invention include
materials which are resilient, elastic or superelastic at

25 body temperature and within the range of other
temperatures under which the device will be utilized.
Examples of these materials include some stainless
steels, some plastics, and certain superelastic metal
alloys and polymers such as nickel titanium alloys.

30 Figure 6a shows an embodiment of the passageway-
forming catheter 100a wherein a lumen 1l12a extends
longitudinally through the catheter 100a and terminates
distally in a distal end aperture 114. The tissue-
penetrating element 102 comprises a pre-bent, resilient

35 member, as defined hereabove. When retracted within the
lumen 112, this embodiment of the tissue-penetrating
element 102 assumes a substantially straight, non-bent or



wi |l create a continuously curvelinear passageway. Figure 6f shows anot her
enbodi nent _of the catheter 10  device-l00f —wherein-the cat '
100f conprises a tubular outer sheath 202 which is retractable in the
proxi mal direction, and an el ongate inner nenber 204 having a blunt distal
tip 206 and a side opening 208 formed therein. The tissue- I g

el enent 102 WO9143463 of erably a pre-bent resilient nenber W@‘ﬁt hi.n

t he el ongate nmenber 104, imredi ately adjacent the side opening 208 such
that, when the outer catheter sheath 202-p8-advanced so as to cover the
side opening 208, the _tissue-penetrating, elenent 102 will assumne
a 20 subst ant iMnipaddys; Begt oF%fr’rHHﬁF‘gPBerﬂtn cGRPEQERARFSN &b LBRei o
conformto, andmfieronmdiagnesl Wofhthe ddrhetmrelodaeHobéfér pfwiidre that het er
devi ce 100f. VL. u a 2 ' ' r '

pr oxi mal diregﬁﬁg% §bpggg?635§“§s%ﬁ%ﬁ%h§i%@?oggn?ﬁg&%%%? ?ﬁg gg bhe

ti ssue- penet r atautd et aperture21hfe| i8pkha digkada e ol thes oatbesent
configuratign swaa,t e thesuli-gictletentinl éhendrits 30@- pbEtasiumeyiesenment
will be directed fouatdeofls Yakhe P6n PLRGEGAA IHHPY::a10QRLAGE Yheh. the

wal I of

tissue-penetrating element 102 will penetrate through the

wall of the blood vessel wherein the catheter 100a is

positioned. It is to be appreciated with respect to this

10 embodiment, and all other embodiments of the invention

herein described, that the tissue~penetrating element 102

may be configured to form any desired shape and size of

passageway 10. Thus, in embodiments wherein the tissue-

penetrating element 102 comprises a pre~bent resilient

15 member, the pre-bent configuration of the tissue-

penetrating element may be continuous curvelinear,

partially straight and partially curvelinear,

multicurvate, or any other pre-bent configuration which

is suitable to form the initial extravascular passageway

20 10 of the desired size and shape. Furthermore, as

described in more detail herebelow, various passageway

modifying devices may be utilized to debulk, enlarge,

dilate or otherwise modify the size and/or shape of the

passageway such that the resultant final shape of the

25 passageway 10 may differ substantially from that which is

initially created by the first penetration of the tissue-
penetrating element 102.

Figure 6b shows a passageway-forming catheter device

100b having a lumen 112 extending longitudinally

30 therethrough and termipating distally in a side wall

outlet aperture 114b. A deflector surface 115 is formed

within the lumen 112b, between the side wall aperture

114b, and the contralateral surface of the lumen 112b.

A tissue-penetrating element 102 formed of pliable

- 35 material is of a substantially straight configuration

when retracted within the lumen 112b. However, when

advanced in the distal direction, the distal end of this



the bl ood vessel BV within which the catheter device 100f 30 is inserted.
In at | east sone enbodimeENts, the tissue- penetrating el enent may
thereafter be advanced in the distal direction so as to penetrate through
the wall of the blood vessel and through any extravascul ar tissue required
to formthe wotosqau@scul ar passageway 10 in 35 accordance Wweirfysbdeddr €sent
I nvention. Figure 6g shows yet another enbodi nent of a passageway-form-ng
cat heter device 100g conprising a Z 13463

PCT/ US96/ 16483 -63- tubul ar catheter body aving a holl ow | unen 112g

extending Ilon éild.ég!% d ugh a
di stal end ope%l gghé‘ﬁg&ﬁl{ st% en 1?5 ﬁlggodyrw?ﬁ[%tae %Eérg 100g is
bendable in a SiquP@FSF gurEeeeodisas AW il ¥HE dhe oy ne§ &heri gure
69. Such bendiathetkrt heoki shedugndicle wahdlcaphetwre depdice IROghiB t he

lateral directigpned | kne2tfSsidi®penetrating elament may be caused to
5 exit the body of the catheter 100b in a lateral direction
relative to the longitudinal axis LA of the catheter

100b.

Figure 6c shows a catheter device 100c having =a
lumen 112¢ extending longitudinally therethrough and

10 terminating distally in a side wall outlet aperture 1li4c.
The tissue-penetrating element 102 may be a pre-bent
resilient member and is of a substantially straight
configuration when fully retracted into the lumen 112c¢ of
the catheter 100c. However, when this tissue-penetrating

15 element 102 is advanced in the distal direction, the
distal end of such pre-bent resilient member 102 will
self~locate and pass out of the outlet aperture 1i4c due
to its inherent tendency to seek its pre-bent
configuration, without any need for abutment against or

20 deflection from any surface of the wall of the lumen
112c.

Figures 6d and 6d’ show a catheter device 1004 which
has a lumen 112d extending longitudinally therethrough
and terminating in a distal end outlet aperture 114d. An

25 anvil member 180 is mounted a spaced distance forward of
the distal end of the catheter 1004, and is attached to
the catheter by way of integrally formed struts 182. The
anvil member 180 has blunt distal surface 184, and a
deflector surface 186 formed on the proximal side

30 thereof, in direct alignment with the distal end outlet

' aperture 114d of the lumen 112d of the catheter 100d.
The tissue-penetrating element 102 in this embodiment may
comprise either a pliable member or resilient, pre-bent
member which assumes a substantially straight or

35 minimally bent configuration which conforms to and is
retractable into the lumen 114d of the catheter, as
shown. However, when the puncturing element 102 is



outlet aperture 114g to become directed toward the wall of the blood vessel
ned, sueh—that

subsequent advancenent of the tissue-penetrating elenment 102 out of the

di stal end opening 114g of the catheter device 100g will cause the

ti ssue-penetrati ng’ﬂﬂl enment 102 to contact and pass through the wall of the

bl ood vessel Y¥¥2H#3#Hi n which the 15 catheter device 100g |§a§6§9f ed.

The bendabl e distal end of the catheter 100g nmay be caused to transition

fromits straight configuration to its cur&led or bent configuration by the

presence of a shape nenory alloy, a pull wre, opposing electromgnetic

coils or any ot HQFaEQEds&ﬁ“Fatﬂfe Heensissal ARhropeRing Adfdriof &hewn in
the art for caughaBBetde, t igheof dasﬁslhai;@r of behel. ﬂﬁjsgweepﬁheﬁhaﬂ&n et

anot her enbodi e Rt of alﬁzas‘;laﬁew gmgt e&eqleqﬂ%\é#;%‘}gg gprl si ng

a tubul ar cat hefe i) ge- penetratin
passabl e t heref Pérﬂ:he mwrhquanb&m éSSaI fBAWDLY ey g f éﬁféﬁéteqide of
the cathetersdegut@ed0y eapsédt eed hdehacadr oruavewniwh thize eytésgayascul ar

passageway 10 i aii'ocgfoxfxorﬁﬁ:% JtHaL %Mllssgg-ﬁgﬁeprm %ﬁ%ﬁen@ will
pass through the wall of the blood vessel BV, as shown.
Preferably, the deflector surface 186 of the anvil
nember 180 is not continuous with the inner surface of

10 the lumen 112d of the catheter 100d.
Figure 6e shows another embodiment of the catheter
device 100e wherein the catheter device 100e comprises a
retractable outer catheter sheath 190, and an elongate
inner member 192 having a pre-bent, resilient tube 194
15 formed within or mounted within the distal portion
thereof. The elongate inner member 192 has a blunt distal
tip 196 and an elongate side opening 198 formed therein,
such that when the outer catheter sheath 190 is retracted
in the proximal direction, the pre-bent resilient tubular
20 member 194 will spring outwardly to its pre-bent,
laterally-curved configuration, as shown. The tissue-
penetrating element 102 of this embodiment may be a
pliable member or a pre-~bent resilient member which will

assume a pre-bent configuration when advanced out of the
25 distal end opening 114e formed in the distal end of the
inner tube member 194. In this manner, the pre-bent tube
member 194 may form a first angle, A, when the catheter
sheath 190 is retracted in the proximal direction, and
the pre-bent, resilient tissue penetrating element 102
30 may form an additional second angle A, when it is
advanced out of the distal end opening 114e of the pre-
bent tube member 194, such that the first angle A, and
second angle A, will combine to form a resultant third
angle A; between the direction in which the distal tip of
35 the tissue-penetrating element 102 is aimed and the
longitudinal axis LA of the catheter 100e. As explained
in detail hereabove, the angle A; between the direction



Inflation of the balloon 210 prior to or during 30 advancenent of the
ti ssue-penetrating el erent-—102 wll a) deter or prevent the catheter 100h
fromrecoiling and pressing against the contralateral wall of the bl ood
vessel BV as the tissue-penetrating elenent 102 is advanced through the

wal | of the_hlood vessel BV, and b) 35 may operate to stghill d hold
t he distal ‘B%I’%F%ﬁa of the catheter device 100h in a substgﬁ#}ingﬁ\?&?i xed
position within the [unmen of the blood vessel BV, so as WO 97/ 13463

PCT/ US96/ 16483 -64- to pernmt the applité&2tron of an enhanced force or
pressure upon the tissue-fengtrating el.enent 102 as jt is advanced or

ot her wi se pas&&dther 8igkal HeiRAT tde tissyesBaneteatingelemgntnd02nhodi nent
shown in Fi guagd6itheS1bhegitadimdbraxticyikle dfistie diatiheiteendooat Heesopeni ng

Llah and the s goReletl 8 | ScEACd ™Y ddPile dhePipidlidl LAGLL! g1 Menber
which wll assunme a |aterally bent _or | .

which the passageway 10 will be formed by the tissue-
5 penetrating element 102. Indeed, the tissue-penetrating
element 102 may be of any suitable configuration
including a continuously curvelinear configuration which

will create a continuously curvelinear passageway.
Figure 6f shows another embodiment of the catheter
10 device 100f, wherein the catheter device 100f comprises
a tubular outer sheath 202 which is retractable in the
proximal direction, and an elongate inner member 204
having a blunt distal tip 206 and a side opening 208
formed therein. The tissue-penetrating element 102 is
15 preferably a pre~bent resilient member mounted within the
elongate member 104, immediately adjacent the side
opening 208 such that, when the outer catheter sheath 202
is advanced so as to cover the side opening 208, the
tissue-penetrating element 102 will assume a
20 substantially straight or minimally bent configuration so
as to conform to, and be contained within, the inner
lumen 112f of the catheter device 100f. However, when
the outer sheath 202 is withdrawn in the proximal
direction so as to expose the side opening 208, the
25 tissue~penetrating element 102 will spring outwardly to
its pre-bent configuration such that the distal end of
the tissue-penetrating element will be directed toward,
or will be placed in immediate contact with, the wall of
the blood vesgel BV within which the catheter device 100f
30 is inserted. 1In at least some empodiments, the tissue-
penetrating element may thereafter be advanced in the
distal direction so as to penetrate through the wall of
the blood vessel and through any extravascular tissue
required to form the extravascular passageway 10 in

35 accordance with the present invention.

Figure 6g shows yet another embodiment of a
passageway—-forming catheter device 100g comprising a



curved configuration as it exits the distal end opening 114h. It wll be

appreciated,. _however.,

that the_side-10-ballogr-210 -shown i nFigure-6h-my

be incorporated and used in conjunction with any of the types of catheters

show i n Fi gures 6a- 6i

cat het er

i ncludi ng those wherein the tissue-penetrating
el ement exits through a side-outlet aperture fornmed in the_side wall
deW¥@ 871463 100h. Figure 6i shows yet another enbo

of the

169835

passageway-form ng catheter device 100i conprising an el ongate, flexible,

t ubul ar catheter body having a hol |l ow | ure* 114i

extendi ng | ongi tudinally

t herethrough and a 20 blunt tip nenber 212 rotatably nounted on the distal
end of the tubtkrbrlant reatlretigsdy botdre BRr%ing 13 p heddowr 2umemasiiqurved

lumen 214 ext eggtafdin@r el Bhguekaidd1a yor oxhemdthg®f WHEN bedring! | gnment

with the | unen
termnates in glﬁFﬁﬁ
di st al

In

114i Pf t.he cat het.er
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69g. Such bending of the distal end of the catheter
device 100g in the lateral direction, will cause the
outlet aperture 114g to become directed toward the wall
of the blood vessel within which the catheter device 100g
is positioned, such that subsequent advancement of the
tissue~penetrating element 102 out of the distal end
opening 114g of the catheter device 100g will cause the
tissue-penetrating element 102 to contact and pass
through the wall of the blood vessel BV within which the
catheter device 100g is positioned. The bendable distal
end of the catheter 100g may be caused to transition from
its straight configuration to its curved or bent
configuration by the presence of a shape memory alloy, a
pull wire, opposing electromagnetic coils or any other
suitable mechanism, apparatus or material known in the
art for causing the tip of a catheter to bend.

Figure 6h shows yet another embodiment of a
passageway-forming catheter device 100h comprising a
tubular catheter 100h having a tissue-penetrating element
102 passable therefrom. An inflatable balloon 210 is
formed on one side of the catheter device 100h, opposite
the location at which the extra-vascular passageway 10 is
to be formed in the wall of the blood wvessel BV.
Inflation of the balloon 210 prior to or during
advancement of the tissue-penetrating element 102 will a)
deter or prevent the catheter 100h from recoiling and
pressing against the contralateral wall of the blood
vessel BV as the tissue-penetrating element 102 is
advanced through the wall of the blood vessel BV, and b)
may operate to stabilize and hold the distal portion of
the catheter device 100h in a substantially fixed
position within the lumen of the blood vessel BV, so as



either instance, the tissue-penetrating elenent 102 may 30 be initially
advanced to an internediate position wherein the distal tip of the

ti ssue-penetrating elenment is positioned within the curved | unen 214 of the
distal tip member 212. Wth the tissue-penetrating el ement 102 in such

i nt er medi at e,ﬁag; k?” the tissue-penetrating _35 el enent 1?%.5%*3@8%% o

rotated. Such roftation of the tissue- penetrating el enent
its frictional engagenment within the curved |unen 214 of the distal tip
WO 97/ 13463 —64~ PCT/ US96/ 16483 - 65-

nenber 121, caq:%e bggmﬂs éB?ffg%)te m_gl%f 2:5 ORG! rrené qqrrc%qa;e In this

manner part i al ancerren I on o the ti s eI enent
102 may be uti mrf@@uag %P%&#? tbFsyeTRanairRting %bemm apetas$ itti ps5 nenber

212 to adjust talawhebat ldinedtmrmﬁ@batpme@f tHioughdeRUtv£L1 ager khpe 114
so as to direct,lig L.3s8e sP° o d LoBbaTRBbe Dbl JP¥/R0, 3her 2
5 the catheter device has a distal end outlet opening 114h
and the tissue-penetrating element 102 is a pre-bent
resilient member which will assume a laterally bent or
curved configuration as it exits the distal end opening
114h. It will be appreciated, however, that the side
10 balloon 210 shown in Figure 6h may be incorporated and
used in conjunction with any of the types of catheters
show 1in Figures 6a-6i, including those wherein the
tissue~-penetrating element exits through a side~-outlet
aperture formed in the side wall of the catheter device
15 100h.

Figure 6i shows yet another embodiment of a
passageway-forming catheter device 100i comprising an
elongate, flexible, tubular catheter body having a hollow
lumen 114i extending longitudinally therethrough and a

20 blunt tip member 212 rotatably mounted on the distal end
of the tubular catheter body. The distal tip member 212
has a curved lumen 214 extending therethrough, the
proximal end of which is in alignment with the lumen 114i
of the catheter 100i. and the distal end of which

25 terminates in a side outlet aperture 114i formed on one
side of <the distal ¢tip member 112. The tissue-
penetrating element 102 in this embodiment may comprise
a pliable member or a resilient pre-bent member. 1In
either instance, the tissue-penetrating element 102 may

30 be initially advanced to an intermediate position wherein
the distal tip of the tissue-benetrating element is
positioned within the curved lumen 214 of the distal tip
membexr 212, With the tissue-penetrating element 102 in
such intermediate position, the tissue-penetrating

35 element 102 may be rotated. Such rotation of the tissue-
penetrating element 102 will, due to its frictional
engagement within the curved lumen 214 of the distal tip



formthe extravascul ar passageway 10 of the present invention at the
ilred.-location. A4 0 Samaniicaie ancenent—of—the—-
ti ssue-penetrating 102 out of the side outlet aperture 114i, after the
desired rotational orientation of the distal tip nmenber 212 has been
achieved, will cause the tissue-penetrating elenent to formthe desired
ext ravascul aWOPFMsHeway 10 through 15 the wall of the bl o8GTYEWLES3py.

a ) -
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wi thin which the catheter device 100i is positioned. ii. Types of
Ti ssue-Penetrating El ements Wi ch May Be-és€orporated Into the
Passageway- For mi ng Cat heter 20 The follow ng Figures 7a-7m and the

acconpanyi ng detembezd dd3cripanem skhe f gtistaler d3@ owempberi nRéAdetot o

describe and i lddsgiurabft 5P FoHarRes 19f this e epast iy advaieeiend 02 Which
may be utilized i ance, w t .t ,is to

be  appreci at ec?nd;ﬁgggg’{%xhg rg{‘%otg' %%Q%t B%ﬁ%@g%%%4§:é§%'§§gsl%% may be
ti ssue- penet r atitig iekdnasta mems)doar rotatpbly bedvieg tdes iddwtal ntip gur es
7a- 7mare got dlaRdedst 8oexAdust | VRE YrbtsticHil drilkbdiatabh BeSehd! € types
of tissue- penetsri teI %%t?.le%m;gte%tégg Wi'lluc.hso as to direct the tissue-
penetrating element in the desired lateral direction to
form the extravascular passageway 10 of the present
invention at the desired location. In this manner,
10 further advancement of the tissue-penetrating 102 out of
the side outlet aperture 114i, after the desired
rotational orientation of the distal tip member 212 has
been achieved, will cause the tissue—-penetrating element
to form the desired extravascular passageway 10 through
15 the wall of the blood vessel BV within which the catheter
device 100i is positioned.
ii. es o —Penetrat Elements Which Ma

20 The following Figures 7a-7m and the accompanying
detailed description set forth herebelow are intended to
describe and illustrate some types of tissue-penetrating
elements 102 which may be utilized in accordance with the
present invention. It is to be appreciated and

25 understood that the specific types of tissue—-penetrating
elements 102 described herebelow and shown in Figures 7a~
7m are not intended to exhaustively list and explain all
possible types of tissue-penetrating elements 102 which
may be useable but, rather, are intended to provide

30 examples of the types of tissue-penetrating elements 102.
which may be utilized. As explained hereabove, the term
"tissue-penetrating element® is not limited to solid
members but may also include various devices, apparatus,
or flows of energy. Furthermore, the term "resilient,

35 pre~bent member" shall be interpreted in accordance with
the definition of such term set forth hereabove.



may be useable but, rather, are intended to provide 30 exanples of the
types of tissue-penetrating el enents 102. which may be utilized. As
expl ai ned hereabove, the term"tissue-penetrating elenment” is not limted
to solid nmenbers but may al so i nclude various devices, apparatus, or flows

of energy. [t nore, the term"resilient, 35 pre-bent E?E " oShall be
interpretedwgﬁwggggrdance with the definition of such terﬁ??e #%# h -

her eabove. WD 97/ 13463
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various types of tjssue-penetrati Lements_ 102 whigch may_ be {ncorporated
into the passagemay}igrﬁggﬁrﬁﬂfﬁeggrgigbr%? ?ﬂegﬂfeggﬁFeiﬁggnthHP These
ti ssue- penetr aarigus sypesntf tdssuewpenstizptdda elsmentsul08f whithexi bl e
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5 elements 102 are designed to pass out of a flexible
catheter body and to penetrate through the wall of the
blood vessel within which the catheter 100 is located,
and to adjacent extravascular tissue, as necessary, to
form the desired extravascular passageway 10 of the

10 present invention.

Figures 7a and 7a’ show a first embodiment of a
tissue-penetrating element 102a. This embodiment of the
tissue penetrating element 102a comprises an elongate,
pliable needle formed of a pliable material such as

15 polyimide tubing of the type available commercially from
MicroLumen, Inc., Tampa, Florida, and having a sharpened,
beveled distal tip 300 formed thereon. An optional lumen
302 may extend longitudinally through the penetrating
element 102a. A pre-bent, resilient member 304 is

20 positioned longitudinally within the tissue-penetrating
element 102a, or alternatively a pull wire.

when the element 102a is retracted within the lumen
of the passageway-forming catheter 100, the resilient
spine member 304a will be caused to assume a

25 substantially straight or minimally bent configuration
which conforms to the configuration of the catheter lumen
and allows the tissue-penetrating element 102a to be
fully retracted within the catheter lumen. However, when
the tissue-penetrating element is exposed or advanced out

30 of the passageway-forming catheter 100, a distal portion
of the pre-bent spine member 304 will bend or curve in a
lateral direction, thereby causing the entire, pliable
tissue~penetrating element 102a to assume such laterally
bent and curved configuration, as designated by the

35 phantom lines on Figure 7a. In this manner, the pre-bent
resilient spine member 304 will cause the pliable or
flexible body of the tissue-penetrating element to assume



formthe desired extravascul ar passageway 10 of the 10 present invention.
Eigures 7a and.7a' —show-a first—enbethrept—ef—a—ti-ssue- penetratt+ng—etenent
102a. This enbodi ment of the tissue penetrating el enent 102a conprises an
el ongate, pliable needle formed of a pliable material such as 15 polyimde
tubing of the type available comercially from M croLunen,_lInc. . Tanpa,
Florida, an®WO&1348 a sharpened, bevel ed distal tip 300 forTEMHEELon. An
optional lumen 302 may extend |ongitudinally through the penetrating

el ement 102a. A pre-bent, resilient mesrer 304 is 20 positioned
longitudinally within the tissue-penetrating el enment 102a, or alternatively
a pull wire. Wibe desirednatersdly bsnteeracuevediaanfigupationen B the
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tissue-penetrating element through the blood vessel wall
or adjacent tissue.

Figure 7b shows another embodiment of a tissue~
penetrating element 102b which comprises a pliable
10 elongate proximal shaft 306 having a rigid, sharpened

distal tip member 308 mounted upon, or otherwise joined

to the distal end of the proximal shaft 306. 1In this
embodiment, the proximal shaft 306 of the tissue-
penetrating element 102b is sufficiently pliable and
15 bendable to navigate tortuous anatomical curves or curves
within the luwmen of a catheter, while the rigid distal
tip portion 308 is formed of rigid material, such as
stainless steel, so as to maintain a substantially sharp
distal tip 310 which will penetrate and pass through the
20 blood vessel wall and desired extravascular tissue, to
form the extravascular passageway 10 in accordance with

the present invention.
Figure 7c¢ shows another embodiment of a tissue-
penetrating element 102c which comprises an elongate
25 solid or hollow needle having a sharpened distal tip 312,

and formed of a pre-bent resilient material such as a

superelastic nickel titanium alloy or other metal alloy

which exhibits resilient, elastic or superelastic
properties within the range of temperatures which the
30 tissue-penetrating element 102c. will encounter during
normal use. This embodiment of the tissue-penetrating
element 102c, being formed of pre-bent resilient
material, will assume a substantially straight or
minimally bent configuration when retracted into the
35 lumen 112 of the passageway-forming catheter 100, such
that the entire tissue-penetrating 102c may be retracted
into the lumen 112. However, when the tissue-penetrating



30 of the passageway-form ng catheter 100, a distal portion of the
pre-bent spine nenber 364-will bend or curve in a lateral direction,

t hereby causing the entire, pliable tissue-penetrating elenment 102a to
assune such laterally bent and curved configuration, as designated by the

35 phantogl.i on Figure 7a. In this manner, the pre-%{%g LL4 ent

spi ne nmenb 9§8?‘3\A |1 cause the pliable or flexible body o eﬁmﬂ .

ti ssue-penetrating elenment to assune WO 97/ 13463

PCT/ US96/ 16483 -67- the desired |aterali®@-bent or curved configuration. In

sonme instances, this arrangenent al so.all ow the pliabl e body of the
ti ssue- penet r & $MRPe 197G 1£?chq%8uFo?£t4é1&e o1hn nagfﬁgﬂﬂet:‘r%“pr e- bent
resilient spiibe thereaibbet804t0Q.0 thectissuecpenetaatingeedanantelidnt of the
tissue-penetrgfqNoaSGiefed Pralsantheohlieogdriesss! sdvadd € Belbgrent

ti ssue. Figure 7b shows anot her enbopdi ne a ti -
g curved or bent .{]n the ]C.)ateranf g{recttloshsua(?: an angle A

5 relative to the longitudinal axis LA of the catheter,
thereby facilitating advancement of the distal portion of :
the tissue-penetrating element 102c through the blood
vessel wall and through any adjacent tissue to form the
desired extravascular passageway 10 in accordance with

10 the present invention.

Figure 7d shows yet another embodiment of a tissue
penetrating element 102d which comprises a hollow needle
having a sharpened (e.g., beveled) distal tip 314 and a
guide wire passage lumen 316 of extending longitudinally

15 therethrough. It will be appreciated that this hollow
needle may be formed of either pre-bent, resilient
material or pliable material, in accordance with the
various tissue-penetrating element exit schenes
illustrated in Figqures 6a-6i and described in detail

20 hereabove. The embodiment of the puncturing element 1024
shown in Fiqgure 7d has the advantage of permitting a
guide wire GW to be advanced through the guide wire
passage lumen 316. In this manner, the guide wire GW may
be periodically advanced in the distal direction or may

25 be placed under continuous distally directed pressure
such that, when the sharpened distal tip 314 of the
tissue-penetrating element 102d enters the lumen of
another blood vessel or another hollow cavity, the guide
wire GW will rapidly advance in the distal direction,

30 thereby signaling that the sharpened distal tip 314 of
the tissue-penetrating element 102d has entered such
blood vessel lumen or hollow cavity. Thus, this
embodiment of the penetrating element 102d is
particularly useable in the revascularization methods of

35 the present invention wherein an extravascular passageway
10 is formed between two blood vessels, or in other
extravascular procedures of the present invention wherein



penetrating el ement 102b which conprises a pliable 10 el ongate proximal

r 308 methtetd—upon, or

otherwise joined to the distal end of the proxinmal shaft 306. In this
enbodi nment , the proxi mal shaft 306 of the tissue- penetrating el enent 102b
I's suffici en ﬁl | able and 15 bendable to navigate tortuQus anatom cal
curves or W8 hin the |umen of a catheter, while the HTGIa S tip

portion 308 is formed of rigid material, such as stainless steel, so as to
mai ntain a substantially sharp distal tip638%0 which will penetrate and pass
t hrough the 20 blood vessel wall and desired extravascular tissue, to form
the extravascul the RETayascplary passageNa¥aife ini th Phciorred hetmesant i on.
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terrperatures whi Cparamns of the type shown in Figures 10c’, 10c’‘’ and
10c’’’ and described fully herebelow.
Figure 7e shows yet another embodiment of a tissue~
penetrating element 102e comprising a solid needle having
10 a sharpened (e.g., beveled) distal tip 318. This
embodiment of the puncturing element 102e may be formed
of a continuous solid elongate member, such as a wire, as
illustrated in Figure 7e’. Alternatively, as illustrated
in FPigure 7e’’, this embodiment of the tissue-penetrating
15 element may comprise an outer tubular member 102e‘’
having a hollow lumen 114e’’ extending longitudinally
therethrough, and a removable solid stylet member 320
inserted coaxially within the hollow lumen 114e’’ of the
penetrating element 102e’’ such that <the tubular
20 penetrating element 102e’’ in combination with the solid
stylet member 320 will essentially form a solid needle
structure similar to the solid elongate puncturing
element 102e‘ shown in Figure 7e’.
Figure 7f shows yet another embodiment of a tissue-
25 penetrating element 102f which is made up of the
combination of an elongate solid or tubular member 322
having a sharpened trocar tip 324 formed on the distal
end thereof, and a surrounding, longitudinally-
advanceable outer sheath 326. The distal portion of the
30 outer sheath 326 may be tapered, not shown, such that it
may pass over and shield the sharpened trocar tip 324 of
the elongate member 322. However, when being advanced
through the blood vessel wall or other tissue, the
sharpened trocar tip 324 will emerge out of the distal
35 end opening of the outer sheath 326 so as to penetrate
and advance through the blood vessel wall and/or other
tissue. When the trocar tip has passed into another
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applied manually or by way of a continuous pressure-
exerting safety device of the type shown in Figures 10c’,
10c’’ and 10c’’’, as described fully herebelow.

Figure 7g shows yet another embodiment of a tissue-
penetrating element 102g which comprises an elongate
tubular member 328 having an energy emitting distal tip
330 formed on the distal end thereof. One or more energy
transmission wires or members 332 may extend through the
tubular member 328 and will be connected to the energy-
emitting distal tip 330 so as to deliver the desired form
of energy to the distal tip 330. 1In this manner, the
energy-emitting distal tip may emit any suitable type of
energy which will ablate, sever or facilitate advancement
of the member 32B through a blood vessel and other
extravascular tissue, in accordance with the methodology
of the present invention. Examples of the types of
energy which may be emitted from the energy-emitting
distal tip 330 include heat (e.g., electrical resistance
heat or 1laser heat to form a "hot tip"), monopolar
electrocautery, bipolar electrocautery, ultrasound, etc.

Figure 7h shows yet another embodiment of a tissue-
penetrating element 102h comprising an elongate flexible
catheter 100 having a lumen 112 extending longitudinally
therethrough and a rotatable passageway-forming tip 336
mounted on the distal end therecf. A rotatable drive
member 338 extends longitudinally through the lumen 112
of the catheter 100, and operates to rotate the distal
tip 336 when it is desired to advance the tissue-
penetrating element 102h through the wall of a blood
vessel or other tissue. The rotating distal tip 336 may
be of any suitable configuration which, when rotated,
will form a tunnel or passageway through tissue of the
desired configuration. In this regard, the outer surface

t he
hr ough
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desired extravascul ar passageway 10 in accordance with 10 the present

' -on-—Fi ' -of a tissuwe—penet+ating
el enent 102d which conprises a holl ow needl e having a sharpened (e.g.,
bevel ed) distal tip 314 and a guide wire passage |unen 316 of extending

l ongitudinally 15 therethrough. It will be appreciated th his hol | ow
needl e nay“F@%@3Wﬁed of either pre-bent, resilient nater??%“&?" abl.-e
material, in accordance with the various ti ssue-penetrating el enent

exit schenmes illustrated in Figures &a16i and described in detail 20
her eabove. The enbodi nent of the puncturing el enent 102d shown in Figure 7d

has the advarehdaeratatabie hip S inpy e Provwided peith\amharpesr ough t he
gui de Wi re pagsiaga |pI@ie h6. thredddd menear 33heow Wit S @Ry be
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tip 314 of tHeotatdnnaelpboringt ch§tépgrandilebdonmtisstie, |deriredf anot her
bl ood vessel @of @widdtatBphbovigayigy, the guide wire GNwill rapidly
advance in the di SFti%!urgel r?J"? Cél':c?#é yet another embodiment of a tissue~
penetrating element 102i. In this embodiment, the
tissue-~penetrating element 102i comprises a beam of
pulsed or continuous laser light which is projected out

10 of an aperture or lens-covered port 114i formed in the
catheter 100. A laser-transmitting element 340 such as
a fiber optic extends longitudinally through the lumen
112 of the catheter 100, and terminates proximal to and
in alignment with a reflective surface 341, such as a

15 mirror, from which the laser light emanating from the
distal end of the laser transmitting member 340 will be
reflected out of the side aperture or port 114i. Thus,
in this particular embodiment, the tissue-penetrating
element 120i is not formed of solid matter or deployable

20 tissue penetrating apparatus, but rather, comprises a
pulsed or continuous beam of laser light capable of
vaporizing or ablating the blood vessel wall and other
extravascular tissue to form the desired extravascular
passageway 10 of the present invention.

25 It will be appreciated that this embodiment of the
tissue-penetrating element 102i may be modified in
various ways. For example, in place of the reflective
surface 341, a continuous energy guide (e.g., fiber
optic) may extend through the catheter body and terminate

30 in an outlet port or lens located on the side wall of the
catheter, such that the flow of energy (e.g., laser
light) will pass outward in the lateral direction from
the catheter. Alternatively, an energy-emitting
apparatus may be mounted on or within the side wall of

35 the catheter so as to emit the desired flow of energy in
a lateral outward direction from the catheter. Moreover,
the embodiment specifically shown in Figure 7i and the



30 thereby signaling that the sharpened distal tip 314 of the

ti ssue-penetrating el enent 102d has entered such blood vessel |[|unen or
hol | ow cavity. Thus, this enbodinment of the penetrating elenent
102d is particularly useable in the revascul ari zati on nmethods of 35 the

pr esent igwgg;' wherei n an extravascul ar passageway 10’?ﬂuﬁﬁh£ﬁg bet ween
two bl ood vessel's, or in other extravascul ar procedures of the present

i nventi on wherein WO 97/ 13463
PCT/ US96/ 16483 -69- the extravascul ar pad3ageway 10 is to be forned between

a bl ood vessel and a tar q& T whi.ch conprise of her bl.ood.vessel or other
hol | ow cavi t PGV H&“Bbﬁ@? DAk ik g@gf"@a pgggiﬁrré"tbﬁ’et é‘mdtiﬁege wire GW
may be 5 appltoedassxuasnergy, bpbwaayvofutdlizesanye-sswigmbliagfdawebf appar at us
of the type ghaWyy InEigdifs HEE, vl@¥ascdnd, 108ser Biyhtdesekrl bed fully
herebel ow. Figurepie shous LRh,aNoLECLnSRY iflaient We Fissue- ¥
5 penetrating element 102j which may be incorporated into
the passageway-forming catheters 100 of the present )
invention. In this embodiment, the tissue-penetrating
element 102§ comprises an elongate laser-transmitting
member through which laser energy may be passed such that
10 the laser energy will emanate out of the distal end 343
of the elongate laser-transmitting member 102j. The
elongate laser-transmitting member 102j may be pre-bent
such that if it is passed out of a distal end opening 114
in a catheter 100, it will automatically bend or curve in
15 a lateral direction so as to contact the wall of the
blood vessel BV within which the catheter 100 is located,
to allow laser energy emanating from the distal end 343
of the laser~-transmitting member 102j to form the desired
extravascular passageway 10 in the wall of the blood
20 vessel and other extravascular tissue. Alternatively, it
| will be appreciated that various other exits schemes may
be utilized for the laser-transmitting member 1023j, such
as sidewall apertures formed in the catheter 100, in
accordance with the suitable exits schemes for all
25 tissue-~penetrating elements 102 as illustrated in Figure
6a-6i and described fully hereabove.
Figure 7k shows yet another alternative embodiment
of a tissue-penetrating element 102k usable 1in the
passageway-forming catheters 100 of the present
30 invention. The tissue-penetrating.element 102k shown in
. Figure 7k comprises an elongate hollow needle having a
lumen 316 extending longitudinally therethrough and
having a sharpened distal tip. A vacuum source (e.g.,
suction) 344 is attached to the proximal end of the lumen
35 316 of the tissue penetrating element 102k so as to draw
or pull tissue into the lumen 316 as the distal end of
the tissue-penetrating element is being advanced through



penetrating el ement 102e conprising a solid needle having 10 a sharpened
(e—g— ' i 18 ——Fhts—enbodrrent--of t he puncturing—

el enent 102e may be forned of a continuous solid el ongate nenber, such as a
wire, as illustrated in Figure 7e'. Alternatively, as illustrated in Figure
7e'', this enbodi nent of the tissue-penetrating 15 eleneng rise an
outer tubul VOXEIMEY 102e¢'' having a holl ow | umen 114e'’ Qﬂ@%%%ﬁgﬁ .

| ongi tudi nally therethrough, and a renovable solid stylet nenber 320
inserted coaxially within the hollow | ume®3414e'' of the penetrating

el ement 102e'' such that the tubular 20 _penetrating el enment 102e'' in
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formed on the dibvhitl tEekxteditbeodf theabissae-patigtratdnglel emdringobkdi nal | y-
advanceabl e outel, 2Neath; Shice’ Beofl €he! sH¥ddrdd QistlFf ¢ip thereot,
may be positioned in abutment with the wall of the blood
vessel BV so as to form a seal which will prevent the
suction applied to the lumen 316 £from the leaking
10 outwardly or aspirating blood from the lumen of the blood
vessel BV. In this manner, the optional sealing cuff 317
may facilitate drawing or aspiration of the tissue of the
blood vessel wall BV or other extravascular tissue into
the distal end of the lumen 316 as the tissue-penetrating
15 element 102k is advanced through the tissue of the blood
vessel wall or other extravascular tissue.
Yet another embodiment of a tissue-penetrating
element 1021 useable in the passageway-forming catheters
100 of the present invention, is shown in Figure 71.
20 With reference to Figure 71, there is provided a tissue~-
penetrating element 1021 formed by the combination of a
standard tissue-penetrating element 102 such as a solid
or hollow needle having a sharpened distal tip, and a
surrounding tubular sheath 346 having a resilient, pre-
25 Dbent distal portion 347 and a hollow lumen 349 extending
longitudinally therethrough. The sheath 346 having the
tissue-penetrating element 102 mounted therewithin is
advanced through the lumen 112 of the catheter 100. When
the distal portion 347 of the sheath 346 is advanced out
30 of the distal end opening 114 of the catheter 100, the
pre-bent distal portion 347 of the sheath will
automatically curve or bend in a lateral direction, as
illustrated by the dotted 1lines on Figure 71.
Thereafter, the pliable or pre-bent tissue-penetrating
35 element 102 will be advanced through the lumen 349 of the
sheath 346, and through the wall of the blood vessel BV
or other extravascular tissue to form the desired



30 outer sheath 326 may be tapered, not shown, such that it nay pass over
and shield the sharpened trocar tip 324 of the el ongate nenber 322.

However, when bei ng advanced through the bl ood vessel wall or ot her tissue,
the sharpened trocar tip 324 will energe out of the distal end openi ng

of the outew 326 so as to penetrate and advance th bl ood
vessel wall anﬂ?ﬂk ot her tissue. When the trocar tip ha?gg&ggééﬁlnto
anot her WD 97/ 13463
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5 contact with the distal end of the distal portion 347 of
the sheath 346, thereby facilitating efficient )
advancement and penetration of the tissue—penetrating
element 102 through the blood vessel wall or other
tissue.
10 Yet another embodiment of a tissue penetrating
element 102m is shown in Figure 7m. With reference to
Figure 7m, there is provided a catheter 100 having a side
wall opening 114 formed therein and a hollow lumen 112
extending longitudinally therethrough, and terminating at
15 side wall opening 114. A tissue-penetrating element 102,
such as a sharp-tip hollow or solid needle, is
advanceable through the lumen 112 of the catheter 100 and
out of the side opening 114. A vacuum source 350 (e.g.,
suction) is attached to the proximal end of the lumen 112
20 and suction is applied, to draw the wall of the blood
vessel BV downwardly and into contact with the side
aperture 114, as shown in Figure 7m. Such suction-
induced contact of the wall of the blood vessel BV with
the side aperture 114 facilitates efficient advancement
25 and penetration of the tissue-penetrating element 102
through the wall of the blood vessel BY, to create the
desired extravascular passageway 10 in accordance with
the present invention. Also, this suction attachment
helps to hold the tissue which is being penetrated, in a
3¢ taught state, thereby facilitating penetration of such
tissue. .
iii. Passageway-Modifying Apparatus
Figures 8a-8h and the detailed description thereof
set forth herebelow show various types of apparatus which
35 may be utilized to treat, enlarge, debulk, dilate, line,
coat or otherwise modify the extravascular passageway 10
initially formed by the tissue-penetrating element 102.
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1nve are not in o exhaus 1ve?y ist
describe each and every possible type of passage-
modifying apparatus useable in accordance with the
present invention.

Figure 8a shows a first embodiment of a passageway
modifying apparatus 500a comprising an elongate tubular
member having an annular, sharpened distal cutting tip
502 formed on the distal end thereof, and a hollow lumen
S04a extending longitudinally therethrough. This
embodiment of the passageway modifying apparatus 500a may
be advanced over a guide wire GW which has been passed
through the initial passageway or tract created by the
tissue-penetrating element 102, such that the annular
distal cutting tip 502 will debulk or enlarge the initial
tract or passageway formed by the tissue-penetrating
element 102, so as to provide an extravascular passageway
10 of the desired size and configuration. It will be
appreciated that, suction or vacuum may be applied to the
proximal end of the lumen 504a of this embodiment of the
passageway-modifying apparatus 500a to facilitate the
coring of tissue by the distal cutting tip 502 such that
tissue which is severed by the annular distal cutting tip
502 will be drawn in the proximal direction through the
lumen 504a, and may be collected in an appropriate
collection vessel for subsequent pathological
examination.

Figure 8b shows another embodiment of a passageway
modifying apparatus 500b which comprises a tapered
dilator having a generally cylindrical proximal portion
506, and a gradually tapered distal portion 508. A
hollow lumen 504b extends longitudinally through this
embodiment of the passageway modifying apparatus 500b

A rotatable
and



30 nenber 338 extends longitudinally through the umen 112 of the catheter
100, and operates to rotate the distal tip 336 when it is desired to
advance the tissue- penetrating el ement 102h through the wall of a bl ood
vessel or other tissue. The rotating distal tip 336 may 35 be of any

sui tabl e confviogagdeson whi ch, when rotated, will form a tupigelusséiesss
passageway through tissue of the desired configuration. In this regard,- the
outer surface WO 97/ 13463 e
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5 modifying apparatus 500b 1is advanced through such

initially formed passageway or tract, the tapered distal

portion 508 will dilate the passageway or tract to the

enlarged diameter of the proximal portion 506 of the

apparatus 500b. An optional energy-emitting band 510 may

10 be mounted about the proximal portion 506 of the

apparatus 500b, so as to emit heat or other energy to

further modify the surface of the passageway 10 as the
apparatus 500b is advanced therethrough.

Figure 8c shows a third embodiment of a passageway

15 modifying apparatus 500c which comprises an elongate

tubular member having an annular, sharpened distal

cutting tip 512 which is similar to the distal cutting

tip 502 of the embodiment shown hereabove in Figure 8a,

but which is further adapted to emit energy (e.gq, heat,

20 vibration, laser light, etc.). In this embodiment of the

apparatus 500c, an energy tramnsition wire or member 514

extends through the tubular proximal portion of the

apparatus 500c and is connected to the annular distal

cutting tip 512 so as to transmit electrical energy,

25 ultrasonic vibration, or any other suitable form of

energy to the distal tip 512, to facilitate advancement

of the distal tip 512 tc the desired blood vessel wall or

other extravascular tissue. The hollow lumen 504 formed

through the apparatus 500¢ permits that apparatus 500c to

30 be advanced over a guide wire which has been positioned

within the initially formed passageway or tract'created

by the tissue-penetrating member. Electrical current or

other energy will be passed through the energy

transmitting wire or member 514 during advancement of the

35 apparatus 500c, such that heat or other energy is emitted

by the distal tip to facilitate passage and advancement

of the apparatus 500c through the tissue. It will be



pul sed or continuous |laser |ight which is projected out 10 of an aperture
or lens-covered port 114i fornmed in the catheter 100. A_laser-transmitting

el enent 340 such as a fiber optic extends longitudinally through the |unen
112 of the catheter 100, and term nates proximal to and in alignnent with a
reflective surface 341, such as a 15 mrror, fromwhich the |aser |ight
emanat i ngWr3id46Be di stal end of the |aser transmtting PEEMAPE16GI80 wi | | be
reflected out of the side aperture or port 114i. Thus, in this particular
enbodi ment, the tissue-penetrating el eggnt 120i is not forned of solid
matter or deployable 20 tissue penetrating apparatus, but rather, conprises

a pul sed or 4€ﬁgddﬂayéa kaam af vacaad ddugitle qapagbl esnét iapOmiadi be Or
0

abl ating the, il o0d/e3sele Walchiad Hld'Ye EXEI ANARFUORE Lo SliRele form the
desired extravascul ar passageway 10 0O f%e present 1 nvention. It
will be appréagididatenadviancementodiehbe oAPPREALNS S 806 fiTONTNG el enent
102i may be ¢kivd ,etnd) teaidraws angy sorédr t Exeue| ehrouyhptiee 1anehhe
(ol Loct e USRI AR BT e dina oL B 19911 ©) T
: collection vessel =~ and submitted to subsequent
pathological study.
Figure 8d shows a fourth embodiment of a passageway
modifying apparatus 500d comprising an elongate tubular
10 catheter 516 having a hollow lumen 504d extending
longitudinally therethrough and an annular ballocon 518
mounted on the outer surface thereof. A separate balloon
inflation lumen (not shown) will extend through a
proximal portion of the catheter 516 to permit inflation
15 fluid to be injected into or withdrawn from the interior
of the balloon 518. This embodiment of the passageway
modifying apparatus 5004 may be advanced over a guide
wire GW which has been positioned within the initial
passageway or tract created by the tissue-penetrating
20 element, until the deflated balloon 518 is positioned
within such initially created passageway or tract.
Thereafter, the balloon 518 may be inflated to dilate or
stretch the initially formed passageway or tract, to
provide a modified extravascular passageway 10 having the
25 desired diameter and/or configuration.
Figure 8e shows a fifth embodiment of a passageway-
modifying apparatus 500e which comprises an elongate
pliable catheter body made up of a proximal portion 520°
and a distal portion 520’’, positioned in longitudinal
30 alignment with one another. The proximal and distal
portions 520’ and 520’’ are connected to each other by
two (2) elongate, bowable, cutting wires 522. A hollow
lumen 504e extends through the proximal 520’ and distal
5207’* portions of the apparatus 500e, such that the
35 apparatus 500e may be advanced over a guide wire GW which
has been inserted through the passageway or tract
initially created by the tissue or penetrating element
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30 in an outlet port or lens |located on the side wall of the catheter, such
that the flow of energy (€.9g., laser light) will pass outward in the

| ateral direction fromthe catheter. Al ternatively, an

energy-em tting apparatus nmay be nounted on or within the side wall of 35

the catheter woonssakx emt the desired flow of energy in a ?éﬁ@#?h t war d
direction fromthe catheter. Mreover, the enbodi nent specifically shown in

Figure 7i and the WO 97/ 13463
PCT/ US96/ 16483 -72- above- nentloned varlatlons thereof shall not be limted

to |aser energyéog ;rﬂt i (§B¥ §Hb€vﬁ‘f)| Cod lt@l\g %fulag %gi‘ﬁ'f‘génigfod. ment

heat, ultrasoun [ aser et an

re
of tissue- 5 peﬁél"r%ﬂgarﬁf & n@hﬁtibzﬁm\%rh"@h 5Jﬁﬁ HRE | cpshater hadw t he
passageway- f or msagh cedte trtves difadf poteiqn eseahe | CaAgidtiedN body méyi e

embodi ment, t PfPhiféd‘E‘nP%%t pEbk e £ AP 1 0021 LR By 382 rB0sEh9NGR ©
5 gap between the proximal portion 520’ and distal portion
520’ of the catheter body. This will cause the cutting
wires 522 to bow outwardly, as shown by the phantom lines
on Figure 8e. In operation, the apparatus 500e will be
advanced over the guide wire GW and through the initially
10 formed passageway or tract. Thereafter, the proximal
portion 520‘’ of the catheter body will be drawn in the
proximal direction to shorten the distance between the
distal end of the proximal portion 520’ and distal
portion 520/’ of the catheter body, thereby causing the
15 cutting wires 522 to bow outwardly. Optionally,
electrical current may be passed through the cutting
wires such that the cutting action of the wires will be
enhanced. Thereafter, the apparatus 500e will be
withdrawn in the proximal direction through the initially
20 formed passageway or tract created by the tissue-
penetrating element 102, such that the outwardly bowed
cutting wires 522 will enlarge the initially formed
passageway or tract to thereby convert the passageway or
tract into an enlarged slit-like extravascular passageway
25 10, in accordance with the present invention.

Figure 8f shows a sixth embodiment of a passageway-
modifying apparatus 500f which comprises an elongate
shaft member 530 having a pull-back cutting apparatus 532
mounted on the distal end thereof. The pull-back cutting

30 apparatus 532 comprises a rigid member having a blunt
distal surface 534 and an annular proximal cutting edge
536. A hollow lumen 504f extends longitudinally through
the shaft 530 and pull-back cutting member 532 such that
the apparatus 500f may be advanced over a guide wire GW

35 which has been inserted in the initially formed
passageway or tract created by the tissue-penetrating
element 102. After the pull-back cutting member 532 has



menber through which | aser energy may be passed such that 10 the | aser
—energy will enmanate out of the distal end 343 of the el ongate
| aser-transmtting nmenber 102j. The el ongate | aser- transmtti ng menber
102] may be pre-bent such that if it is passed out of a distal end opening
114 in a catheter 100, it will automatically bend or curve in 15 a lateral
di recti orW@8%4363 0 contact the wall of the bl ood vessel PEU/USH6(16483 whi ch t he
catheter 100 is located, to allow | aser energy emanating fromthe distal
end 343 of the laser-transmtting nemogy- 102) to formthe desired
extravascul ar passageway 10 in the wall of the blood 20 vessel and ot her
extravascul beeni feliy ativascadtint \thei fnitialle-fmeek passagéway vari ous
ot her exitsqgcheges, rwwqqlusélfeza%cft% aheth@%foéﬁmsaﬂé Ofl,,frenber 102j

such as S|devvahl a ertures for t he cathet'er 10Q, .In accordance W th
the suitabl 84& E % GhsrRToRERa Icf“tfé‘“tq suntage ig a‘ﬂlngcBFe%‘ﬁfis 102 as
illustratedtissiegse @a-6to aedldegeridieddebulk hereapassagéwgyr e 7k shows

t t t t 102k
ﬁgabﬁgol %e{ RSBQ]’E%%V%%”PM{F?‘%&E%% 456 %%6%991:}131:3{!: Hgdlg.’glgig ‘
he retractlon of the pull-back member 532 to facllltate

cutt.mg of the tissue. Also, optionally, an anvil (not
shown) may be positioned at the opposite end of the

passageway 10 to provide counter-pressure against the
10 cutting edge 536, thereby facilitating the cutting of
tissue by the pull back cutting member 532. Tissue which
is severed from the wall of the passageway by the
proximal cutting surface 536 will be collected within the
interior chamber 538 of the pull-back cutting member 532.
15 Figure 8g shows a seventh embodiment of a
passageway-modifying apparatus 500g which comprises an
elongate shaft 540 having a push-forward cutting member
542 mounted on the distal end thereof. A hollow lumen
504g extends longitudinally through the shaft 540 and
20 cutting member 542 such that the apparatus 500g may be
advanced over a guide wire GW which has been inserted
through the initially~formed passageway or tract created
by the tissue-penetrating element 102. The cutting
member 542 comprises a distal portion 542’ having a
25 generally cylindrical outer surface and a proximal
portion 5427’/ having an outwardly tapered outer surface.
A sharpened annular cutting edge 544 is formed on the
distal end of the distal portion 542’ such that, as the
apparatus 500g is advanced in the distal direction, the
30 cutting edge 544 will cut a gemerally cylindrical mass of
tissue, to thereby enlarge the initially-formed
passageway or tract through which the apparatus 500g is
advanced. Optionally, the sharpened annular cutting edge
544 of the apparatus 500g may be rotated during the
35 advancement of the apparatus 500g. Also, an optionally
anvil (not shown) may be positioned at the opposite end
of the passageway 10 to provide counter-pressure against



30 invention. The tissue-penetrating elenment 102k shown in Figure 7k

conpri ses an el ongate holTow needl e having a | unen 316 extendi ng

| ongi tudi nal Iy therethrough and having a sharpened distal tip. A vacuum
source (e.g., suction) 344 is attached to the proxinmal end of the lunmen 35
316 of the tiweymapnetrating el ement 102k so as to draw or p@phdechbasue
into the lunmen 316 as the distal end of the tissue-penetrating eI enent 4s
bei ng advanced t hrough WO 97/ 13463

PCT/ US96/ 16483 -73- the wall of the bl 00d®¢&ssel BV or ot her tissue through

whi ch the ext r%aesg%ei §IRPBIERY A0yl PEDI FORN DHE LI AP oL D

formed. An optional sea sean in
annul ar bal | oorFJﬁ"ﬁ?ﬁt by Shﬁmalf%félseﬁpeﬂl-or of the tissue-penetrating
el ement 102k a spacedgdirat ashe shewst hanshaigbBhd dmbbaiméne tHeregf, may

be positioned I%]S%%%Fﬁggr evenﬁ}fﬁ ‘é@bhrgi_u;h%d%ow vgosx%a 1sI31\x/ujsoags to

forma seal V\/m C
elongate tubular member 550 having a lumen 504h extending

longitudinally therethrough. A plurality of outflow
apertures 554 are formed in the tubular member 550,
within a region which is a spaced distance from the
distal end of the tubular member 550. Also, a distal
10 guide wire outlet aperture is formed in the distal end of
the member 550 such that the apparatus 500h may be
advanced over a guide wire GW which has been inserted
through an initially formed passageway or tract created
by the tissue~penetrating element 502. Proximal and
15 distal sealing balloons 5527, 552*' are formed about the
outer surface of the tubular member 550, proximal and
distal to the outflow apertures 554. Aas show in Figure
8h’’, the tubular member 550 may be advanced over the
guide wire GW until the outflow apertures 534 are located
20 within the passageway 10 which is to be treated with a
flowable 1liquid substance. Thereafter, the annular
sealing balloons 5527, 552’’ will be inflated so as to
seal off the opposite ends of the passageway 10.
Thereafter, the desired flowable substance will be passed
25 through the lumen 504h of the tubular member 550 such
that it will flow out of the outflow apertures 554 and
will £ill the interior of the passageway 106, which
remains sealed by the sealing balloons 5527, 55277,
After the flowable material has effected the desired
30 treatment of the walls of the passageway 10, negative
pressure may be applied to the lumen 504h to withdraw the
flowable material from the interior of the passageway 10.
Thereafter, the sealing balloons 522’, 522’7 will be
deflated and the apparatus 500h will be withdrawn and
35 removed from the passageway 10. Figure 8h’ shows an
alternative modification the device 500h’ wherein no
liquid outflow apertures 554 are formed on the tubular



suction applied to the lunen 316 fromthe | eaking 10 outwardly or
B+ HAg 064 or-t-he FB-R—O he—bl-0od-vwessel-BV. | nthis manner, the

opti onal

aspiration of the

tissue of the blood vessel wall BV or other extravascular tissue into the
distal end of the |unen 316 as the tissue-penetrating 15 el enent 102k is
advanced t hr¥83H13462 ti ssue of the blood vessel wall or ot REFASK¥I6MIascul ar
Yet anot her enbodi nent of a tissue-penetrating elenment 102|
in the passageway-form ng catheters 100 -@f;-t he present invention, is shown

ti ssue.

in Figure 71. 20 Wth reference to Figure 71,
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resistance heater, laser, or other energy emitting

apparatus such that the outer surface of the tubular
member 550 between the sealing balloon 552/, 55277 will
become heated or will otherwise emit energy to treat the
walls of the passageway 10 when the apparatus 500h’°
becomes positioned within the passageway, in the manner
described hereabove with reference toc Figures 8h and
8h’r.

iv. Apparatus for Longitudinal Compression and/or

Support o travascular Passageways Formed
Between Two Blood Vessels

In those applications where the extravascular
passageways 10 of the present invention are formed
between two (2) blood vessels (as in many of the above~
described revascularization procedures) the presence of
cavernous or loose tissue between walls of the blood
vessels may be problematic, in that blood flowing through
the passageway 10 may tend to infiltrate into such
cavernous or loose tissues, thereby giving rise to blood
leakage and/or hematoma formation.

One means for deterring such infiltration of blood
into tissue or space between the adjacent blood vessel
walls is the placement of a longitudinal passageway
compression apparatus 22 within the passageway 10 so as
to compress such cavernous or loose tissue, thereby
preventing infiltration of blood thereinto. Furthermore,
the deployment of such longitudinal compression apparatus
22 within the passageway 10 may additionally provide
structural support within the passageway so as to
maintain the patency of the passageway and prevent the
passageway from unwanted flexing or closure due to
movement of the adjacent tissues. It will be



30 of the distal end opening 114 of.the catheter 100, the pre-bent distal
portion 347 of the sheath will automatically curve or bend in a | ateral
direction, as illustrated by the dotted lines on Figure 71.
Thereafter, the pliable or pre-bent tissue-penetrating 35 elenent 102 will
be advancedmh'r/mqh the lumen 349 of the sheath 346, and &Y hﬁﬁge wal |
of the bl ood vessel BV or other extravascular tissue to formthe desired
WD 97/ 13463 PCT/ US96/ 16483 - 74-
extravascul ar passageway 10 in accor dangé~ W|th the present invention.

Optional |y, Sappeed urc y on t r.Qxi end of the
| umen 349 of the shg;?'ﬁ ‘i‘loﬁé@egﬁ tﬂﬁa@. u:]ch brf(;%rp ggg’lalBV into 5

contact with Y9PTFESEP @ﬂﬁaﬁt‘{%@zdl“?tlél PESiEFFéhlﬂﬂe gfonstauctedeat h
346, t her etso asf 2oi brbaidegsufBfdienitetiongdtadiRaE ndomprb 289t kat i on of

the tissue-peneiieat Nthe! GARRAtdP2 i hi b1 l81|f0q)d.loo%sS:Ln't;c: ltan or other

5 adjacent tissues but will not cause over-compression of
such tissues as could cause iatrogenic ischemia and
possible necrosis of such tissues, Figures 9a-9f‘’~’
and the following detailed description of such figures
are directed to examples of specific longitudinal

10 compression apparatus 22 which may be positioned within
extravascular passageways 10 of the present invention to
prevent tissue infiltration of blood and/or to provide
structural support within the passageway. It is to be
understood that Fiqures 9a-9f’’’ and the following

15 detailed description are not intended to exhaustively
list and describe all possible types of longitudinal
compression apparatus 22 which may be useable in
accordance with the present invention. Rather, these
figures and the following detailed description are mere

20 examples of the types of longitudinal compression
apparatus 22 which are useable therefore.

The utility of the longitudinal compression
apparatus 22 shown in Figures 9a-9f’’’ and described
herebelow is not necessarily 1limited extravascular

25 passageways 10 of the present invention, but may also be
useable in connection with other methods for forming
side-to-side connections (e.g., anastamoses) between
juxtapositioned tubular anatomical passageways of the
body such as blood vessels, fallopian tubes, etc.

30 Figures 9a-%a’ show a first embodiment of a
longitudinal compression apparatué 22a which comprises a
first annular member 600 and a second annular member 6§02,
which are directly alienable with one another and
connectable to one another so as to longitudinally

35 compress the blood vessel walls and other tissue which
surround the passageway 10 formed between two blood
vessels BV, and BV,. The first ring member 600 has a



tissue. 10 Yet anot her enbodi nent of a tissue penetrating el enent

i i ' ' Fgure 7m there-is-provided
a catheter 100 having a side wall opening 114 forned therein and a hol | ow
| umen 112 extending | ongitudinally therethrough, and term nating at 15

side wal | Qg&g'@&gﬁlm. A tissue-penetrating el enent 102, such as a
sharp-tip horl solid needl e, is advanceabl e through PREUBHE#3I112 of

the catheter 100 and out of the side opening 114. A vacuum source 350
(e.g., suction) is attached to the proxese end of the lumen 112 20 and
suction is applied, to draw the wall of the blood vessel BV downwardly and
into contact pe¥Rliy fifjdegpuepbers 160¢ wikicihextend Freprenemide Such

suction- i ndugRer&N! acthedisekbad el hg Gheriber bsloczoelaseszﬁiuﬁiﬂw g he side
aperture 114 facilifates efficient advapncengnt 25 and. penetration of the
tissue- penetrﬁ?l ng e’f‘%rre Fhrgugh ?’ﬁe Wal B3¢ ?%?%’T%’c?év | BV, to
create the desprEtusad dmafeivepibeadedapenbers 604 otherewithiinh t he
present i nyentidN.leq’mefbeidiensSHEE £ badionathEBite NP 0bo AUt tissue
which is bel ”Qy&? Q:eé rc%tn%gbtbrr:] formed thereon such that, when the leg

members 604 become inserted into the receiving apertures

606, the connector 608 will engage corresponding members

or surfaces formed within the receiving apertures 606 so

10 as to lock and hold the first and second ring members
600, 602 in a manner which causes longitudinal
compression of the portions of the walls of blood vessels
BV, and BV, and other intervening tissue which surrounds
the passageway 10.

15 Figures 9b-9b’’’' show as second embodiment of a
longitudinal compression apparatus 22b which comprises a
resilient (e.g., superelastic) wire ring which has been
bent into the configuration shown in Figure 9b having two
upper arcuate segments 610’, 610’’ and two lower arcuate

20 segments 612° and 612’’, as shown. The apparatus 22b is
initially mounted within the lumen 614 of a tubular
catheter 616. An inner catheter member 618 having a
reduced-diameter distal portion is coaxially positioned
within the lumen 614 of the outer catheter 616, such that

25 the longitudinally extended lower arcuate portions 612°¢,

6127’ of the apparatus 22b are captured and frictionally
engaged between the outer surface of the distal reduced
diameter portion of inner tubular catheter 618, and the
inner luminal surface of the outer catheter 616, as shown

30 in Figure 9b’. The outer catheter 616 is initially
advanced through the passageway 10 wherein the apparatus
22b is to be deployed, and the inner catheter 616 is then
advanced in the distal direction to push the
longitudinally extended upper arcuate portions 6107,

35 610/’ out of the distal end opening of the catheter 616,
such that the upper arcuate portions 610’, 610/ will
resiliently bend outwardly so as to become positioned



30 taught state, thereby facilitating penetration of such tissue. iii.
Passageway- Modi fyi ng Apparatus Figures 8a-8h and the detail ed description
t hereof set forth herebel ow show vari ous types of apparatus which 35 nay

be utilized to treat, enlarge, debulk, dilate, line, coat or otherw se
modi fy the gglaygscul ar passageway 10 initially formed b
ti ssue-penetrating el enent 102. WO 97/ 13463 X'Ctrnﬁ%nms

PCT/ US96/ 16483 -75- It is to be appreciated and understood that the
showi ngs of Figures 8a-8h and the fol | oW detail ed description are

| npended to desgrib ng | t eple tat| | es_ of types of
passageway- m)d?‘g’ g#lnghgpg%ﬁr’%’%%% %%C(r:eh%ﬁm%%%e%&% |¥F| §ié§g3i)n&%scs§&r ég";te wth
t he present inFhareaftenndher inper qathet@Ed61® isHaavYniRagkyarddy tmd

describe each zadeg¥6r ytROSSLOhGitydinadl1ypassagddeanditbwery appasséus

useable in accgggggggsvgﬂﬁ ' téq‘i', 612" form frictional engagement and

5 capture between the inner tubular catheter 618 and outer
tubular catheter 616, and the outer tubular catheter 616
is withdrawn such that the lower arcuate portions 612,
6127’ will pass out of the open distal end of the
catheter 616 and will resiliently bend outwardly so as to

10 abut against and engage the luminal surface of the second
blood vessel BV,, thereby compressing the walls of the
blood vessels BV, and BV, and the cavernous or loose
tissue positioned therebetween, in the manner illustrated
in Figure 8b. The circular wire member of which the

15 apparatus 22b is formed may be any suitable resilient
type of material, and preferably may comprise a nickel-~
titanium alloy or polymer which exhibits superelasticity
or high flexural properties within the range of
temperatures which will be encountered by the apparatus

20 22b during deployment and implantation within the
mammalian body.

Figure 9c shows a third embodiment of a longitudinal
compression apparatus 22c comprising a first toroidal
balloon 620 and a second toroidal balloon 622. The first

25 and second toroidal balloons 620, 622 are positioned in
longitudinal alignment with one another and are joined by
a plurality of longitudinal connector members 624. The
apparatus 22c 1is initially positioned within the
passageway such that the deflated first toroidal balloon
30 620 is positioned adjacent the luminal surface of the
. first blood vessel BV, and the deflated second toroidal
balloon 622 is positioned adjacent the luminal surface of
the second blood vessel 622, with the connector members
624 extending longitudinally through the passageway 10.
35 fThereafter, the first and second toroidal balloons 620,
622 are inflated so as to longitudinally compress the
portions of the walls of the blood vessels BV, and BV, and
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present i nvention. 10 Figure 8a shows a first embodi ment of a

. 2 3—ahn—el ongat e-tubularnenber
haV| ng an annul ar, shar pened d| stal cuttl ng tip 502 formed on the distal
end thereof, and a hollow |lumen 504a extending |ongitudinally
therethrough. This 15 enbodi nent of the passageway nodifying

appar at us 588°%853pe advanced over a guide wire GWwhi ch HEVHEBHassed
through the initial passageway or tract created by the tissue-penetrating
el ement 102, such that the annul ar distaisseutting tip 502 will debul k or
enlarge the initial 20 tract or passageway fornmed by the

ti ssue- penet r athe¢isisweeperiioms docated dherebetiveen, sunrauadingdrhe

passageway 10 sséitf'evi@ysw@g akZ &naad q%frwlaélge e V\!:J)foﬂfé}l
appreci at ed th end of

the | unmen 504ag6’rl‘?‘?l1‘fct§“|e€'%ﬁ ?%‘Sﬁt&?fm?%é’e aegﬁtﬁgma@ *(P)XI MY Sppar at us

500a to facilitut eurdadleor poymsric sguksbyngee wiiichalwiclk t fn@lyl @502 such
that tissues mb&f‘tia?ll%ﬁ\é‘éiiélby éﬂi%ﬁﬂﬂé"tﬁfro‘iﬁ%&aﬂ;aﬂﬁéd aaxgbéP 555332 will be
nd ma

drawn in the proxi irectio hro h unen a
coilected in aﬁz%lpga%%dp%ﬁxgne Pn lat ﬁg ere Yy avogglng any problem

with down-line leakage or deflation of the toroidal
balloon member 620, 622.

Figure 9d shows a fourth embodiment of a

10 longitudinal compression apparatus 22d which comprises an

annular first magnet 626 and an annular second magnet 628

connected by a plurality of longitudinal connector
members 630. The apparatus 22d is initially deployed
within the passageway 10 such that the first annular
15 magnet 626 is positioned adjacent the luminal surface of
the first blood vessel BV, and the second annular magnet
628 is positioned adjacent the luminal surface of the
second blood vessel BV,. These annular magnets 626, 628
are then allowed to magnetically move toward one another
20 such that the longitudinal connector members 630 will
become engaged and will longitudinally connect the
magnets, thereby compressing the adjacent portions of the
walls of blood vessels BV,, BV, and any tissue positioned
therebetween, which surrounds the passageway 10.
25 Figure 9e shows a fifth embodiment of a longitudinal
compression apparatus 22e comprising a first ring member
632 and a second ring member 634, which may be compressed
inwardly and connected by inflation of first and second
balloons 640, 642. At least one connector member 636
30 extends from the inner side of the first ring member 632.
At least one corresponding receiving aperture (not shown)
is/are formed in the second ring member 634, and such
receiving aperture(s) is/are sized and configured to
receive the connector member(s) 636, and to engage rachet
35 serrations or other engagable surfaces formed on the
connector member{s) 636. The apparatus 22e is mounted
within the passageway 10 by initially advancing the



30 collection vessel for subsequent pat hol ogi cal exam nati on.

Fi gure 8b shows anot her enbodi nent of a passageway nodifyi ng apparatus 500b
whi ch conprises a tapered dilator having a generally cylindrical proxinal
portion 35 506, and a gradually tapered distal portion 508. A hol | ow

| umen 504b exdEef3sdaongi tudinally through this enbodi nent ageway
nodi fyi ng appar atus 500b WO 97/ 13463 %{IB&‘REE% -

PCT/ US96/ 16483 -76- such that the passageway nodifying apparatus 500b may
be advanced over a guide wire GWwhich ha8®Been inserted through the

he this passagcipeter £, TRIEhI LI DRI BABLaRAEe SRRy such
initially formthydagbecpassagewayt unthd thepupper disigimepbeti 632 588 wi | |
dilate the passaggua¥apbsitish i ahliCaitiin®edi th A §tmehal NG ¥aws Ml
portion 506 of é{' %he first blood vessel BV,, and the second ring member
5 634 is in juxtaposition to and abutment with the luminal
surface of the second blood vessel BV,. Thereafter, the
balloon 640, 642 are simultaneously inflated so as to
urge the ring members 632, 634 inwardly toward one
another. As the ring member 632, 634 are urged inwardly,
10 the legs 636 of the first ring member 632 will advance
further into the receiving apertures of the second ring
member 634 and the rachet serrations on leq 636 will be
frictionally engaged and held within such receiving
apertures (not shown). When the desired amount of
15 compression of the walls of blood vessels BV,, BV,, and
tissue interposed therebetween and surrounding the
passageway 10 has been achieved, the balloons 640, 642
may be deflated, and the catheter 638 bearing the
deflated balloons 640, 642 will be withdrawn, leaving the
20 apparatus 22e in place within the passageway 10.
Figures 9f-9f’’’’ show a sixth embodiment of a
longitudinal compression apparatus 22f which may be
mounted within the extravascular passageway 10 formed
between two blood vessels BV, BV,, in accordance with the
25 present invention. As shown, this apparatus 22f
comprises a plurality of substantially parallel,
elongate, pre-bent, resilient wire members 646 arranged
in a generally cylindrical array. Optionally, a
cylindrical connector member 648 formed of rigid or
30 pliable material may be connected to each of the
individual wire members 646 so as to hold them in the
desired cylindrical array. Each wire member 646 is pre-
bent so that, when unconstrained, the opposite ends of
each wire member 646 will curl outwardly so as to cause
35 the wire member to assume a generally "C" shaped
configuration, as shown by the dotted lines in Figure
9f’/. 1Initially, the apparatus 22f is mounted within the



apparatus 500b. An optional energy-emtting band 510 may 10 be nounted
i } tus 500b,—so-as to enit

heat or other energy to further nodify the surface of the passageway 10 as
t he apparatus 500b is advanced therethrough. Figure 8c shows a third

enbodi ment_af ssageway 15 nodifying apparatus 500c which conprises an
el ongat e twg’t?l-@?‘gﬁenber havi ng an annul ar, sharpened di sP&USHI6#83g tip 512
which is simlar to the distal cutting tip 502 of the enbodi ment shown

her eabove in Figure 8a, but which is f+8Zher adapted to emt energy (e.gq,
heat, 20 vibration, laser light, etc.). In this enbodi ment of the

appar at us 50dumenn6eh g A ttubndar dalivery tathatiesr 6624 eim ebRex hr ough t he

tubul ar proxicaBhl I idathetbrt iendrirar 684!s i200po8iEl drfedC 0BHRRL{ £y O t he

oL Bhe AL LD hieniessResend QLGN CRHELE ED STRLDL 22
tip 512, to Faeﬁri?%&lée%ﬁﬁ/aﬁéem Fpfdigkaldperkioni $5619f t vedweediesi r ed
bl ood vessel oubét diameitiest. eThé apperatae RS SLE molinedoll enih WD 504
formed through,thesappakats 0GR datnblal WAL 329° 4%
individual wire members 646 are constrained and held in
substantially straight configurations. The proximal ends
of the wire members 646 are captured between the outer
10 surface of the distal portion 656 of the inner tubular
catheter 654 and the inner luminal wall of the outer
catheter 650 as shown in Figure 9f’. The apparatus 22f
is implanted within the passageway 10 by initially
passing the delivery catheter 650 into the passageway 10
15 such that the distal end of the delivery catheter is
flush with the lumenal surface of the first blood vessel
BV, as shown in Figqure 9f’. Thereafter, the inner
tubular catheter 654 is advanced in the distal direction
to cause the distal ends of the wire members 646 to
20 emerge out of the distal end of the outer catheter 650,
thereby allowing the distal end of the wire member 646 to
curl outwardly and abut or become compressively inserted
within the lumenal surface of the first blood vessel BV,,
as shown in Figure 9f’‘’. Thereafter, the inner catheter
25 654 is retracted slightly in the proximal direction to
release the proximal lens of the wire members 646 from
frictional engagement and capture between the distal
portion 656 of the inner tube 654 and the inner luminal
surface of the outer tube 650. Thereafter, the entire
30 catheter 650 is retracted in the proximal direction
thereby 1liberating the entire apparatus 22f from the
constraint of the surrounding catheter 650 and allowing
the proximal ends of the wire members 646 to curl and to
abut with or become compressively inserted into the

35 1luminal surface of the second blood vessel BV,, as shown
in Figure 9f/’’. In this manner, the apparatus, 22f
serves to compress the walls of the blood vessels BY,,



30 be advanced over a guide wire which has been positioned within the
initially formed passageway or tract created by the tissue-penetrating
menber. Electrical current or other energy will be passed through the
energy transmtting wire or menber 514 during advancenent of the 35

appar at us 50897836 that heat or other energy is emtted x.{ tal tip
to facilitate passage and advancenent of the apparatus 500c through the '
tissue. It will be WD 97/ 13463

PCT/ US96/ 16483 -77- appreciated that a v#lium source (e.g., suction) may be

attached to thg},pr%‘dngk1 eg_gs%%% t}ﬁ]elrg,gg%dSQﬁgré&gv}g t’{]e&&fgﬁfl | tate

advancenent of “t#e “appar 4t bs trssue fRored
tissue throughsuheoRng 5h§OE%S%QB,€FWQYnéP -t Addisionadily; ssushoun im

col lected in CPibﬂﬁélw" veeseill NG pr&ﬂbﬁtéﬂeﬁmt Y emBYASRENES!
pathol ogi cal  sLydy, ; Fld Syﬁn&né”ﬁ BohBUELSr HRRIL PR 1Y BpPEpSgICAY

5 such cylindrical connector member may comprise a segment

of synthetic or bioprosthetic graft material so as to

form a substantially tubular inner lining within the

passageway 10, as illustrated in Figure 9f77+-,

It will be appreciated that, although the apparatus

10 22f has been described hereabove as a pre~bent resilient

structure, the wire members 646 may alternatively be

formed of malleable metal or other pressure-~deformable

material and a suitable deformation tool such as an

inflatable balloon may be deployed within the introducer

15 catheter 650 so as to volitionally pressure-deform the
ends of the wire members 646 as they pass out of the
catheter tube 650, thereby providing the desired pre-bent
ncr ghaped configuration.

v. A Preferred Passageway-Forming Catheter and

20 tem

Figures 10a-11d show two basic embodiments of a
preferred passageway-forming catheter, and accompanying
apparatus which combine to form a passageway-forming
system, in accordance with the present invention.

25 Figures 12a-13b provide step-by-step showings of the
preferred method for utilizing the passageway-~forming
catheters and system shown in Figures 10a~11d, to create
an extravascular passageway 10 between two adjacent blood
vessels BV,, BV,.

30 With reference to Figure 10a-10c, there is shown a
first embodiment of a preferred passageway-forming
catheter device 100p, which comprises an elongate,
flexible catheter body 700 having a lumen 702 extending
longitudinally therethrough and terminating, at its

35 distal end, in a distal outlet aperture 704. A tissue-
penetrating element 102, which may comprise any suitable
tissue-penetrating element including any of those shown



nDdlfylng apparatus 500d conpr|5|ng an el ongate tubular 10 catheter 516

’ ‘ i |y therethrough and an
annular baIIoon 518 nDunted on the outer surface thereof. A separate
bal l oon inflation |umen (not shown) w Il extend through a proximl portion
of the cagﬁ&%ﬁ£ 16 to permt inflation 15 fluid to be injected into or
wi t hdr awn e interior of the balloon 518. This e THY616483 t he
passageway nodi fyi ng apparatus 500d may be advanced over a guide wire GW
whi ch has been positioned within the +8¢+ial passageway or tract created by
the tissue-penetrating 20 elenment, until the deflated balloon 518 is
p05|t|oned\Mﬂiﬁﬂgummgh?aﬂﬂhaﬂﬂ%/dﬁﬂﬁﬂﬁb&dpé§§§gbﬂu9roﬂstﬂaéposﬁﬂereafter

the bal | oon vﬁ%&xﬁaxnaemﬂéﬁ aj s dio el eheneteBiBEhEMdoIe TR {vmil y formed

passageway tract, to rov difie xtravascul ar Ss may 10
havi ng t he dAPPFEEL 8 tg %nd ¥ dﬂﬁqléhr o] urﬁngBg hows a

fifth enbodiqungutaalpassefgem? umerf Y708 ayRyar bteusnme\mi th conpri ses

an el ongat e ldoghbaatat wyerohoc%éméawabpé duReX BehdRd | 89,520 and a

distal port Ip%rzlss?%g the ptolsslsde(lg%ge%ralu ngléluectjnlen% out of the outlet

aperture 704, including those penetrating-element outlet

schemes shown specifically in Figures 6a-6i, and
described hereabove.

10 The flexible catheter body 700 is preferably formed
of a flexible polymer material such as nylon, pebax,
polyethylene, etc., or pliable metal tubing such as a
thin walled hypotubing. A metal braid or other
reinforcement material may be mounted upon or formed

15 within the wall of the catheter body 700 to provide
structural reinforcement and to permit the catheter body
700 to be rotated or torqued without undue disfigurement
or crimping. Additionally, in embodiments wherein the
tissue-penetrating element 102 comprises a pre-bent,

20 resilient member or needle, a rigid tubular reinforcement
member 701 may be positioned about a distal portion of
the lumen 702 of the catheter body 700, as shown in
Figure 10b, to provide rigid constraint for the pre-bent
distal portion of the penetrating element 102 when the

25 penetrating element 102 is retracted into the lumen 702
of the catheter body 700. The presence of such tubular
reinforcement member 701 will additionally prevent any
sharpened distal tip on the tissue-penetrating element
102 from scarring or penetrating into the relatively soft

30 plastic material of which the catheter body 700 may be
made.

A hand piece 706 is mounted on the proximal end of
the pliable catheter body 700. The handpiece 706
comprises a rigid outer shell having a generally

35 cylindrical, hollow inner cavity 712 formed therewithin.
A proximal portion of the tissue-penetrating element 102
extends into the inner cavity 712 of the handpiece 706.



30 alignment with one anot her. The proximal and distal portions 520" and
520'' are connected to each other by two (2) elongate, bowable, cutting
wires 522. A hollow | unen 504e extends through the proximal 520" and di st al
520'" portions of the apparatus 500e, such that the 35 apparatus 500e may
be advancedwoverisesgui de wire GN which has been inserted t

passageway or tract initially created by the tissue or penetra |ﬁ%£§| enment
WD 97/ 13463 PCT/ US96/ 16483 -78- 102.
Apull wire (not shovvn) or the guide wit¥ itself may engage t he di st al

portion 520"' »q éﬁ@%ﬂt&&’dhau%tﬁﬁhgw@e? %‘al g on of the

cat het er body ma led 1N ’qP rrection, f.'S SHBCr easi ng
the 5 gap bet ﬂééﬁtfﬂ%l‘bgo?]r%mpo}q 'orﬁ%zﬂho"éfhdl‘tllg-’e@lr@ohwon TRO' ' of the
cat het er bodyacthason hittemigaot hay e tdepressedsand Zadvade@d 9dt ¥gedl y, as

shown by the phaphemlidiisdi'e6' Saide e t2aBRELBLANT A AG BRBALAL US SO0°
5 102 to pass out of the outlet aperture 704 for the
purpose of forming an extravascular passageway 10 of the
present invention. Thereafter, the actuator button 710
may be retracted in the proximal direction to retract the
tissue-penetrating element into the lumen 702 of the
10 flexible catheter body 700.

Optionally, an imaging catheter side car 720 may be
attached to the distal portion of the flexible catheter
body 700. This imaging catheter side car 720 comprises
an elongate tube having a lumen 722 extending

15 longitudinally therethrough. A window 724 is formed in
the upper side wall of the side car 720, immediately
adjacent the outlet aperture 704. An imaging catheter
50, such as an intravascular ultrasound catheter of the
types commercially available from Boston

20 Scientific/Cardiovascular Imaging, MA; Endosonics, Inc.,
Pleasonton, CA: and Hewlett-Packard, Rorth Andover, MA.,
is insertable into the lumen 722 of the side car 720 such
that the sensor portion 52 (e.g., portion where the
imaging ultrasound is emitted and received) is positioned

25 next to window 724. The material of which the side car
720 is made is preferably a material which will prevent
transmission of the type of energy (e.g., ultrasound)
which is utilized by the imaging catheter 50, but the
window 724 is either an open aperture is covered with a

30 material which may be permeated by the energy utilized by
the imaging catheter 50. In this manner, the sensor
portion 52 of the imaging catheter 50 will receive an
image only of the area which is in alignment with the
window 724. Additionally, the window 724 is preferably

35 of a rectangular configuration and is confined to the
side wall of the side car 720 which is immediately
adjacent the outlet aperture 704 of the flexible catheter

T



advanced over the guide wire GWand through the initially 10
lon 520 of _the
catheter body w |l be drawn in the proxi mal direction to shorten the
di stance between the distal end of the proximal portion 520" and distal

portion 520
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enhanced.
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imaging catheter 50 through the window 724, thereby
indicating that the outlet aperture 704 is positioned
correctly so that subsequent passage of the tissue-
penetrating element 102 out of the outlet aperture 704
will cause the tissue-penetrating element 102 to advance
through the wall of the blood wessel in which the
catheter apparatus 100p is located, and into the target
tissue (e.q., other blood vwvessel). Moreover, such
positioning of the window 724 will permit the imaging
catheter 50 to be utilized to observe the actual movement
and penetration of the tissue-penetrating member 102,
thereby ensuring that the extravascular passageway is
formed at the desired location.

As an alternative to formation of a window 724 at a
discrete location within the side car 720, the distal end
of the side car 720 may be located adjacent the site at
which the tissue penetrating member 102 passes out of the
catheter body 700 and the sensor portion 52 of the
imaging catheter 50 may simply extend out of and beyond
the distal end of the side car 720 such that it may
clearly image the deployment and movement of the tissue-
penetrating element 102. In this alternative arrangement
the field imaged by the imaging catheter 50 will no
longer be limited or inhibited by the window 724 and the
imaging catheter 50 may be capable of imaging in a full
360° radius about the distal end of the side car 720.
Accordingly, any suitable types of marker apparatus or
marking materials may be formed on the catheter apparatus
100p or tissue-penetrating element 102p to permit the
imaging catheter 550 to be utilized for the desired
function of determining the <correct rotational

(}Psvée cat heter body, thereby causing the 15 cutting wres
rdly. Qptionally, electrical currentPGHEF¥E4Bhssed
through the cutting wires such that the cutting action of the wires wll
Thereafter, the apparatus-9500e will be withdrawn in the
direction through the initially 20 formed passageway or tract
t hodyi s30@. perdatr hing rannamt S0sh ssperifis;t shAeingiwardly

bowed cutting wn&aguéaelw lan@N| gHB@ iMe nigni d# akhy WandBd PARSaggyay or

be



30 apparatus 532 conprises a rigid nenber having a blunt distal
534 and an annul ar proxi mal cutting edge 536. A hollow | umen 504f extends

| ongi tudinally through the shaft 530 and pull -back cutting nenber 532 such
that the apparatus 500f may be advanced over a guide wire GN35 which has

i nsaghQasqb? the initially fornmed passageway orp ated by
the tissue-penetrating elenent 102. After the pull-back cE?@@%E&&ﬁ

been

has

WO 97/ 13463

surface

menber 532

PCT/ US96/ 16483

-79- been fully advanced into the init?4t|y-formed passageway or tract, it
be retracted in the pr

wi |

| cutting

| mal _direction such that the.proxjm
surface 536°RtFptatton ti ecgghggefo Q%Yﬁ?bel' pHeSﬁFErth ° passagevay.

5 Optional dgplopeentitari agtvatice @f58he Missye penetxating ehgnedt retraction
of the pullyBggck member 532 to facilitate cutting of the tissue.

optionally,
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Al so,

an anvil (not shogg)dg%%rggego§éti ned at the opgg;éte end of .

Additionally, reabove, a guide
lumen 726 may extend longitudinally through the tissue-
penetrating element 102 and may terminate distally in a
guide wire outlet aperture 728 formed in the distal end
of the tissue-penetrating element 102. In this manner,
a guide wire GW may extend through the tissue-penetrating
element 102 and may be advanced out of guide wire outlet
aperture 728.

In embodiments wherein the tissue-penetrating
element 102 is provided with a guide wire lumen 726 and
guide wire outlet aperture 728 at its distal end, the
presence of a guide wire GW within such lumen 726 may be
utilized as a means for accurately determining when the
distal end of the tissue-penetrating element 102 has
penetrated into the lumen of a target blood vessel or
other cavity or open area. To accomplish this, continual
or intermittent distally-directed pressure will be
applied to the guide wire GW as the tissue-penetrating
element 102 is advanced through the wall of the blood
vessel in which the catheter apparatus 100p is located
and through any other extravascular tissue through which
the passageway 10 is to pass. So long as the distal end
of the tissue-penetrating element 102 is in abutment with
tissue, the guide wire GW will be prevented from emerging
and advancing out of the distal end guide wire outlet
aperture 728 and, accordingly, the distally directed
pressure applied to the guide wire Gw_will be met with
resistance due to the presence of the tissue abutting
against the guide wire outlet aperture 728. However,
when the distal end of the tissue-penetrating element 102
enters into the lumen of the target blood vessel or other
open space, the guide wire outlet aperture 728 will
immediately become uncovered and the guide wire GW will
be permitted to rapidly advance out of the guide wire
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passageway 10 to provide counter-pressure against the 10 cutting edge 536,

ul | back—ettt++ng—renber

532. Tissue which is severed fromthe wall of the passageway by the

proxi mal cutting surface 536 will be collected within the interior chanber
538 of the %;7-, k cutting menber 532. 15 Figure 8 shows a
sevent h enbodi nen of a passageway-nodi fyi ng appar at us 6{;‘99%‘% .
conprises an elongate shaft 540 having a push-forward cutting nenber 542
mounted on the distal end thereof. A helBBoew | unen 504g extends

| ongi tudi nal ly through the shaft 540 and 20 cutting nmenber 542 such t hat
t he appar at usPSOtRE RRPTEUTE 12t day T85ePREe kA ddendistadvudisecked been

inserted thropedediiie ibaiihgahppl fed Exkfassagevwelt Papid aszdvaﬁfo%afem by Ej_he |
por 11 on 542 Fauii, S4E9E Vi G i I1 ey 00 RSRkrRfSr SRR iBES 0, 1
proxi mal portdistaEdrip afvthe) tissvernepatyating edemsntel02 hasacdn A
shar pened sannghae, Catiddrg adge Nited Hff AHE kLY DI1doA! dlesgad of the
distal portl og 202 oSHENaLhal: Aie! M5aRPRAIALYS aldfickieRl 8208 " 11
tissue~-penetrating element 102 may be volitionally
stopped, so as to avoid any possibility that the tissue-
penetrating element will perforate the contralateral wall
10 of the target blood vessel or other tissue on the other
side of open area within which the passageway 10 is to
extend.
Figure 10c’~10c’’’ provide a schematic illustration
of an apparatus which may be incorporated into the
15 passageway~forming catheter 100p to exert continucus or
intermittent distally directed pressure on the guide wire
GW, as described hereabove, for determining when the
distal end of the tissue-penetrating element 102 has
passed into the lumen of the target blood vessel or other
20 open space. With reference to Figures 10c’-10c’’‘, the
apparatus 800 comprises one or more springs 802 which are
connected, by way of a connector member 804 to a portion
of the guide wire GW which protrudes out of the proximal
end of the catheter body 700. It will be appreciated
25 that the apparatus 800 may be incorporated within the
inner cavity 712 of the handpiece 706, or may be formed
as a separate unit which is mountable upon the proximal
end of the handpiece 706.
As shown in Figure 10c, prior to commencement of the
30 procedure, the guide wire GW may freely extend out of the .
outlet aperture 728 in the distal end of the tissue~
penetrating element 102, thereby allowing the spring
members 802 of the apparatus 800 to assume a relaxed
(e.g., shortened) configuration.
35 Figure 10c’’ shows that, when the tissue-penetrating
element 102 is being advanced through tissue, the distal
end of the guide wire GW will be maintained flush with



30 cutting edge 544 will cut a generally cylindrical nmass of tissue, to
thereby enlarge the—initially-fornmed passageway or tract through which
t he apparatus 500g is advanced. optionally, the sharpened annular cutting
edge 544 of the apparatus 500g may be rotated during the 35 advancenent of

t he appar atyg o Al so, an optionally anvil (not shown) nay be
positioned at the opposite end of the passageway 10 to pr%gpﬂé”“‘“3
count er-pressure agai nst WO 97/ 13463

PCT/ US96/ 16483 -80- the cutting edge 544~ thereby facilitating the cutting
of tissue by the apparatus 5009g. Figure 8h shows an ei ghth enbodi nent of a
passageway- neRR fQNHPt ARPITREEs 728p0ANd theoRpring memberss &2 mfat e t ubul ar
nmenber 550 hend r@pparktuEns&OAlilaxbeadinagst peagrddidienal. |, yeihegaidiough. A

B L, Shalbl o U FRELLISS 53381 ol BLUBRLD hRfod Uil e iper 550
the distal tip of the guide wire GW against the adjacent ’
5 tissue.

Figure 10c’’’ shows that, when the distal tip of the
tissue penetrating element 102 has emerged into the lumen
of a blood vessel or other open area, the guide wire GW
will immediately advance out of the guide wire outlet

10 aperture 728, thereby allowing the spring members 802 of
the apparatus 800 to once again assume their relaxed
{(e.g., shortened) configuration. This abrupt advancement
of the guide wire and relaxation of the spring members
802 will signal to the operator, that the tissue-

15 penetrating element 102 has arrived within the lumen of
the blood vessel or other open space, and that further
advancement of the tissue-penetrating element 102 should
be ceased.

As stated hereabove it shall be appreciated and

20 understood that the pressure—exerting apparatus described
and shown in Figures 10c’~-10c’’’' is optional need not
necessarily be included within the catheter device 100p.
Moreover, it shall be understood and appreciated that
continuous or intermittent urging of the gquide wire 6W in

25 the distal direction may be accomplished manually (i.e.,
by hand) without the need for the use of any apparatus.

Figures 1la-11d show the manner in which the
preferred passageway-forming catheter and system 100p may
be modified to accommodate the specific type of tissue-

30 penetrating element 102f shown in Figure 7f and described
hereabove. This particular tissue penetrating element is
made up of an inner puncturing member 322 and a
longitudinally advanceable outer sheath 326.

Figures 1la~11ld show a modified preferred catheter

35 device 100p’ which, like the above-described embodiment
of the catheter device 100p, comprises a flexible
catheter body 700 having a lumen 702 extending

T
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di stal end of the tubular nenber 550. Also, a distal 10 guide wire outlet
' | ' 550 such-thatthe

apparatus 500h may be advanced over a guide wire GNwhich has been inserted

through an initially formed passageway or tract created by the

tissue- penew a;i ng.el ement 502. Proxi mal and 15 distal sealing balloons

552', 552" J“F%Pmed about the outer surface of the tubJIGHfUSI/I48} 550,

proxi mal and distal to the outfl ow apertures 554. As show in Figure 8h'"',

t he tubul ar nmenber 550 nmay be advanced-gs~er the guide wire GNuntil the

outflow apertures 534 are located 20 w thin the passageway 10 which is to

be treated wilbhgitidinably thepdatdhrougbt ancdandpiheecdpé chavindieamnnul ar

seal | _n? bal Lj‘i‘ﬁ%}?r?%?évi@zﬁz Wlfb%'m@@_j_%'&%&éﬁr?éhﬁﬂ, a%ngo a_%?ak.m]g inégle
opposite ends 0 e passage __Thereafter e desire e
subst ance wi I"Iatbﬁtﬁﬁsgk‘ge Z%r%ogaﬂlf‘ﬂeal wReR Si%n P’HBgPHbg\é\gr nmenber
550 such t hatfcirmedi thexfdwithdm, alltdie whitch ewneagescritesi 354detaii [ | fill

the intergor y@f-ckBgv@assageway 10, which remains seal ed by the sealing

balt oons 55277550 ks AohBhal Snd |4ER) B Phe 2. 0b57, ofhd o desired

handpiece 706 is modified to incorporate first and second

actuator buttons 710a, 710b. The first actuator button

710a is connected to the pre-~bent resilient inner member

10 322 having the sharpened trocar tip 324 on the distal end

thereof. The second actuator button 710b is connected to

the tapered pliable sheath 326 which is longitudinally

advanceable over the inner member 322, in the manner

described in detail hereabove with reference to Figure

15 7f. Thus, in this modified embodiment of the catheter

device 100p’, the inner member 322 and surrounding sheath

326 may be independently advanced and retracted utilizing
actuator button 710a, 710b.

It will be appreciated that, when the inner member

20 326 is devoid any guide wire lumen, it will be optional

to apply continuous or intermittent distally directed

pressure to the outer sheath 326 to accomplish the same

lumen-penetration~-signaling function described hereabove

with reference to Figures 10c’-10c’’’. Accordingly, the

25 constant or intermittent pressure spring apparatus 800

may be attached to the sheath 326 in this embodiment of

the catheter device 100p’ so as to continuously urge the

sheet 326 in the distal direction, in the same manner

described in the guide wire GW in Figures 10c’-10c’‘’, or

30 such may e accomplished (if desired) by manual technique.

The catheter devices 100 and other devices and

apparatus described herein may be combined in various

ways to form unique systems for performing the metheds of

the present invention. The systems described herein

35 should be understood to be combinations of one or more of

the warious itemized functional components described.

The components of these systems may be utilized in

This Sheet Has Been Reﬁaced
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30 treatnment of the walls of the passageway 10,

applied to the lunen 504h to withdraw the flowable material fromthe

interior of the passageway 10. Thereafter, the sealing balloons 522",

negative pressure may be

522!

will be deflated and the apparatus 500h will be wi thdrawn and 35 renoved
fromthe passeaesags30. Figure 8h' shows an alternative m%ﬁ%ﬂl on the
devi ce 500h' wherein no liquid outflow apertures 554 are for .
t ubul ar WD 97/ 13463
PCT/ US96/ 16483 -81- nenber 550, but rath&?®~an energy transmitting nenber
(not shown) such as re_wl|l n hrough fhe body of the tubular
menber 550 andeﬁgaP§§$%n oftfﬁgoﬁéguggﬁaﬁﬁﬂégblgﬁip ﬁe@ﬁ°€hﬁrsﬁﬁllng
agsomplash |t nbuedquethnsts msnr&heélmgmdeancklw becautery

bal | oons 552',
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cien ccomplis 0. jectlves. Such
systems may include a catheter body dimensioned to fit
within a blood vessel and advanceable to a location which
is in proximity to an extravascular target or neighboring
vascular target. The catheter can further be combined in
some way with one or more of the described active or
passive orientation means to assist in the proper
positioning of the catheter in the blood vessel with
respect to the target. Further, the catheter may
incorporate at 1least one of the tissue-penetrating
elements such that a passageway may be formed from the
blood vessel to the target. The system may also
incorporate a guide wire dimensioned to be inserted into
the passageway, and introducible through the catheter
such that it may enter the passageway and provide a rail
to the target. The system may alsc incorporate the
placement of one or more of the devices that are
positionable or imnsertable into the passageway over the
guide wire, such as channel sizing and maintenance means
or other devices for accomplishing a therapeutic or
diagnostic end-point. Also, the systems may include one
or more of the various blood vessel blocking means such
that a blood vessel in operative association with an
extravascular passageway of the present invention may be
blocked or occluded to allow the re-routing of blood.

vi. ion of the Pre d ents of t

eway~-Fo ng Catheter a ste

Figures 12a-12d provide a step-by-step showing of
the preferred method of using the first embodiment of the
tissue-penetrating catheter device and system 100p shown
in Figures 10~10c’’’.

Figures 13a-~13b provide a step-by~step showing of
the preferred method of using the second embodiment of

his Sheet Has Been Re laced
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becone heated or will othermnse em t energy to treat the 10 walls of the
pa e iti oned-within the

passageway, in the manner descrlbed hereabove with reference to Figures 8h
and 8h''. iv. Apparatus for Longitudi nal Conpression and/or 15

Support of Eglg ul ar Passageways Forned Between Two Blood Vessels In

t hose applications where the extravascul ar passageways 10 {HRE6/ 8 e nt

i nvention are formed between two (2) blood vessels (as in nany of the
above- 20 described revascul arizati on p®peedures) the presence of
cavernous or | oose tissue between walls of the blood vessels may be

probl ematic, ithet hexeknmed fpanfageway-dogninge gadesgrwadeviCearagndend to

infiltrate in@gs&uﬁhlceyefnous or | oose tissues, thereby giving rise to
bl ood 22 1 eakase gaglor- LETmGRIn L "RULE0, QR IEANS g deheligng sueh
vessel walls icathrtep| 8@eh@ninefried omfia iendumeas 3agendytbenpidesi on
apparatus 22 Wakhi72ot BRcRacsagerky dfb@ihgiSsensor portion 52 of the
' catheter 50 is positioned adjacent window 724. In this
manner, the combination of the imaging catheter 50 with
the passageway-forming catheter device 100*' forms a
“system” in accordance with the present invention. With
10 the tissue-penetrating element 102 retracted into the
lumen 704 of the flexible catheter body 700 such that the
distal tip of the tissue-penetrating element 102 is
housed within tubular reinforcement member 701, the
system comprising the catheter apparatus 100p and imaging
15 catheter 50 is inserted into the vasculature of a
mammalian patient and advanced until the distal end of
the catheter body 700 and distal end of the side car 720
are positioned within a first blood vessel BV, located
adjacent a second blood vessel BV, with the invention of
20 forming a passageway 10 between the first blood vessel
BV, and second blood vessel BY,.
The catheter device 100p is then rotated until the
imaging field IF viewed by the imaging catheter 50
through the window 724 clearly views the second blood
25 vessel BV, into which the passageway 10 is to extend.
This indicates that the catheter device 100t has been

placed in the correct rotational orientation to allow the
tissue-penetrating element 102 to form the passageway 10
at the desired location, such that it will extend into
30 the second blood vessel BV,. Thereafter, the actuator
button 710 will be advanced until the distal tip of the
tissue-penetrating element 102 begins to penetrate
through the wall of the first blood vessel BV,.
Optionally, intermittent or continuous distally directed
35 pressure may be applied to the guide wire GW by hand
(i.e., manually) or by a pressure-exerting apparatus 800,



30 to conpress such cavernous or |oose tissue, thereby preventing

infiltrati

| ongi t udi nal

addi ti onal
mai ntain t
unwant ed f
't wll

on of bl ood~thereinto. Furthernore, the depl oynent of

such

conpressi on apparatus 22 within the passageway 10 may

|y provide structural support within the passageway so as to 35
Agpcy of the passageway and prevent the passgﬁgma from

exing or closure due to novenent of the amﬁﬂy
be WD 97/ 13463

6/168§35 5 o5 .

PCT/ US96/ 16483 -82- appreciated, how®Ber, that any such |ongitudinal

conpressi on apparatus 22 wl|

preferably be constructed so as to provide

sufficient a®ngBvaareBent oRfr &g ohL s RAPeHTathBIyAtemeBY 32 1tration of

bl ood i nto ¢herimid.acent tissues but wll
such tissues as

such ti ssues.

oW ng det al

of such figtipsof the tissue-penetrating element 102 emerges into
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the lumen of the second blood vessel BV,, the guide wire
GW will promptly advance in the distal direction, thereby
signaling to the operator that the advancement of the
tissue~-penetrating member 702 should be ceased. At that
point, the operator will discontinue further advancement
of the actuator button 710.

Thereafter, the actuator button 710 will be
retracted to its full proximal point so as to retract the
tissue-penetrating element 102 into the lumen 702 of the
catheter body 700, while allowing the guide wire GW to
remain extended through the newly-formed passageway 10
and into the lumen of the second blood vessel BV,.

As show in Figure 12c, the passageway-forming
catheter device 100p and accompanying imaging catheter 50
may then be extracted and removed from the body, leaving
the gquide wire GW positioned through the first blood
vessel BV,, through the passageway 10 and into the second
blood vessel BV,.

As shown in Figure 12d, a passageway mnmodifying
apparatus 500, such as any of the types of passageway
modifying apparatus 500 shown in Figure 8a-8h, may then
be advanced over the guide wire GB to modify (e.g.,
enlarge, debulk, treat, coat, etc.) the passageway 10.

It will be appreciated that, after the step shown in
Figure 12v has been completed, the guide wire GW may be
left in place through the passageway 10 to allow any
desired stents, stented grafts, or passageway
constraining apparatus 22 as shown in Figures 9a-9f to be
deployed within the passageway 10.

Figures 13a-13e illustrate a step-by-step preferred
method for utilizing the modified embodiment of the
passageway-forming catheter device and system 100p shown
in Figures 1ia-1lb.
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are directed

to exanples of specific |ongitudinal 10 conpressi on appar atus

the

22—which—may—be—posttienretd—wthi-r—ext+avaset-ar—passageways—10-of

present invention to prevent tissue infiltration of blood and/or to provide
structural support within the passageway. It is to be understood

Fi gures 9a-9
to exhaustiv

apparatus 22
| ongi t udi nal

descri bed here

713@? the follow ng 15 detail ed description are not

t hat
i nt ended

and describe all possible types of | oR&TUSSE/ 1683
conpressi on apparatus 22 which may be useable in accordance with the
present invention. Rat her, these figugs- and the foll ow ng detai
description are nere 20 exanples of the types of |ongitudinal conpression
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opl an_t ubes, etc.
é) passagéway-forming catheter 100p and

accompanying imaging catheter 50 are then advanced into
the vasculature to a point where the distal ends of the
catheter body 700 and side car 720 are positioned within
a first blood vessel BV, immediately adjacent a second
blood vessel BV,, between which a passageway 10 is to be
formed. The imaging catheter 50 is then energized such
that the sensor portion 52 of the imaging catheter will
receive an image within the image field IF through window
724. The catheter device 100p’ is then rotated until the
second blood vessel BV, into which the passageway 10 is
to extend is clearly imaged by the imaging catheter 50
through window 724. This indicates that the correct
rotational orientation and position of the catheter
device 100p’ has been attained. Additionally, the
catheter device 100p’ may be longitudinally moved until
the desired flow characteristics are observed within the
second blood vessel BV, in the image field IF, thereby
indicating that the catheter device 100p is in its
correct longitudinal position. Additionally, the imaging
catheter 50 may be utilized to determine the distance
between the first blood vessel BV, and second blood
vessel BV,, so as to define the distance which the
tissue~penetrating element 102f should be deployed to
form the desired passageway 10 from the first blood
vessel BV, to the second blood vessel BV,.

As shown in Figure 13a, after the catheter 100p’ has
been longitudinally and rotationally orientated, the
tissue-penetrating element 102f is deployed out of the
catheter body 700, and begins to advance through the wall
of the first blood vessel BV,. The outer sheath 326 of
the tissue penetrating element 102f will be in a slightly

| ed

and

limted extravascul ar assageways

W th

gféf%ﬁmed t ubul ar anat om cal passageways of the body such as



30 Figures 9a-9a' show a first enbodinent of a |ongitudinal
conpressi on appar atus 22a whi ch conprises a first annul ar nmenber 600 and a
second annul ar nmenber 602, which are directly alienable with one anot her
and connectable to one another so as to longitudinally 35 conpress the

bl ood vesselwowirisgssand ot her tissue which surround the pasg %Féo for med
between two bl ood vessels BV[err] and BVerr]. The first rlé%g 2r 600
has a WD 97/ 13463 PCT/ US96/ 16483
-83- plurality of | eg nmenbers 604 whi cht®%t end from one side thereof. The

second ring ne r..6Q2 h a plurali of .receiving, apertures 606 which are
positioned anrcfrgg—oﬁffguf’ggffﬁmge%%‘f At t 8g%ﬁ8ﬁﬁ€r§1£o3?4t IREEERABhIi n. 5

Each | eg menisatts ofovhe gistalagnd et dhensbeath GRS s atbempligiethe connect or
formed thereqesited pbabtrabisn tﬁ]ﬁdm wgBRAees 604 becone inserted into the

recel ving apertur gy 608, (hle GRUNRELNO0E YHid E09398 SOreshand no
5 element 102f as shown in Figure 13a, manual pressure or

pressure exerted by apparatus 800 may be utilized to
apply distally directed pressure to the sheath 326. 1In
this manner, when the trocar tip 324 of the tissue-
penetrating element 102f enters the lumen of the second

10 blood vessel BV,, the sheath 326 will immediately advance
forwardly into the lumen of the second blood vessel BV,,
thereby signaling to the operator that the desired
passageway 10 has been formed and that any further
advancement of the tissue-penetrating element 102f should

15 Dbe ceased.

Figure 13b shows that, after the sheath 326 has
advanced into the lumen of the second blood vessel BV,,
the elongate trocar tipped member 322 may be extracted
and removed, thereby leaving the sheath 326 as a conduit

20 through the passageway 10.

As shown in Figure 13c, a guide wire GW may then be
passed through the lumen of the sheath 326 and into the
second blood vessel BY,.

Thereafter, as shown in Figure 13d, passageway~-

25 forming catheter device 100p’ and accompanying imaging
catheter 50 may be extracted and removed from the body,
thereby leaving the guide wire GW in place, and extending
through the lumen of the first blood vessel BV,, through
the passageway 10 and into the second blood vessel BY,.

30 Thereafter, as shown in Figure 13e, any suitable
type of passageway-modifying apparatus 500 may be
advanced over the pre-positioned guide wire GW to effect
the desired modification of the passageway 10.

It will be appreciated that the invention has been

35 described hereabove with reference to certain specific
embodiments and examples only. No effort has been made
to exhaustively describe all possible embodiments of the



or surfaces formed within the receiving apertures 606 so 10 as to |ock and
N a nmRRer—whii-eh-
causes | ongitudinal conpression of the portlons of the walls of blood
vessels BV[err] and BV[err] and other intervening tissue which surrounds
t he passagewﬁﬁ Cr615 Figures 9b-9b''" show as second enbodi nent of a
| ongi t udi nal y%k?gssion apparatus 22b whi ch conprises a rREHV¥PeMH83ec g. |
superelastic) wire ring which has been bent into the configuration shown in
Fi gure 9b having two upper arcuate segiments 610', 610'' and two | ower
arcuate 20 segnents 612' and 612'', as shown. The apparatus 22b is
initially noumvedtipnhior tte pnowides exapplestobpanh aadheveryoasy  An

i nner cat het gf %ﬁ@ﬁrtﬁé&mm&m&WBeeﬁrﬂbﬁ@@r dindeak, PRAGEEON 'S
coaxially positi g ﬁ§ t he l.unen 614 of the oufer cg theter 616, such
FrgF £ 9T i

that 25 the Sk b EECPERRTe SPRTTRF IS POALEEDE, 6121 of
t he apparatuﬁeZ%hlans,cmmdlﬁxnhtmmnsfandtabneragaangym@qdbbemaaent¢he out er

surface of t My dléﬁcfde-rd%%ﬁﬂed' %,m;o%nﬁ%gl Qe ek i ed utaglcﬁsueat het er

618, and the |nner nlnal rface cpe outer ca as shown
departing from he 1nt.ende spirit and scope of’ the

invention. Accordingly, it is intended that all such
additions, deletions, modifications and alterations be
included within the scope of the following claims.




30 in Figure 9b". The outer catheter 616 is initially advanced through
t he passageway 10 wherein the apparatus 22b is to be depl oyed, and the

i nner catheter 616 is then advanced in the distal direction to push
the | ongitudinally extended upper arcuate portions 610, 35 610'" out of
t he di st al wovdnsgeni ng of the catheter 616, such that th @g@{)s?{cuate
portions 610", 610'" wll resiliently bend outwardly so as

posi ti oned WO 97/ 13463

PCT/ US96/ 16483 - 84- upon the |unenal "8%¢Tace of the first blood vessel
BVierr]. T f# ger catheter 618 is drawn backwardly to rel ease
the longitu egatange [ower arcuate portions 612, 612', 612'' form
frictional engag’e-r’ﬂantA AREIOD oE0T r EeVeseIkar ization ersaishuhetrhasht het er 618
and outer t¢$&5quiﬁgIy&@egt5§6°fand t he outer tubular catheter 616 is

wi t hdrawn such t hat t rcuate p Lons 6 612''  wll pass out
of the open distal ol %&ﬁg gg Hn gxéravascu ar passageway
5 between a first location on a blood vessel and a

second location on a blood vessel, such that blood
having a pO, of at least 50 will flow through said
extravascular passageway.
2. The method of Claim 1 wherein said first
10 location and said second location are on at least one
blood vessel of the heart.

3. The method of Claim 1 wherein said first
location and said second location are on the same blood
vessel.

15 4. The method of Claim 1 wherein said first
location and said second location are on different blood
vessels.

5. The method of Claim 4 wherein said blood
vessels are a artery and a vein.

20 6. The method of Claim 4 wherein said blood

vegsels are a vein and a vein.

7. The method of Claim 4 wherein said blood
vessels are an artery and an artery.

8. The method of Claim 4 wherein a plurality of

25 said extravascular passageways are formed between said
blood vessels.

9. The method of Claim 1 wherein said
extravascular passageway is formed for the purpose of
bypassing an obstructed, injured or diseased segment of

. 30 a blood vessel. _

10. The method of Claim 1 wherein said first
location is on an artery and said second location is on
a vein, such that blood will flow from said artery,
through said extravascular passageway, and into said

35 vein.

11. The method of Claim 10 wherein blood which has

entered the vein through said extravascular passageway is

TG



catheter 616 and m@ll

il lustrated
apparatus 22

preferably nay conprlse a ni ckel -

superelasticity or

tenperatures which wll

resiliently bend outwardly so as to 10 abut agai nst

vessel BMerr]. thereby

conpressing the walls of the blood vessels BVferr] and BV[err] and the
cavernous or Ioose ti ssue positioned therebetween, in the nmanner

ure 9b. The circular wire nenber of which the 15

¥ med may be any suitable resilient typePET/USR/483al , and

hi gh fl exural properipsgs Within the range of

titanium alloy or polynmer which exhibits

be encountered by the apparatus 20 22b during

depl oynent andubspdquenrtdy crausiedhito thewmthmahghnséibdyvein gas ca9ctshows a

third enmbodi ja) §$

first toroida

[ oon_ 6

and second toroi da}? bmqhﬁnﬂf
al i gnnent Wi t baosed atot fidow abbiraugh | theredelsy so pasr bi rgtobpenfigsd udi nal

connector 4e §§§%§26hﬁ? %Qﬂaﬁét?éséﬁgéﬂﬁié .ally positioned within the

passageway suc

10

at t eflated |rst toroid bal | ogn

blocking said vein at a location adjacent
said extravascular passageway to cause blood which
flows into said vein through said extravascular
passageway to subsequently flow through said vein in
a direction which will cause said retroperfusion of
tissue through the venous vasculature.
13. The method of Claim 1 wherein the extravascular

passageway formed in step a is a primary extravascular

passageway formed between a first blood vessel and a

15 second blood vessel such that blood having a pO, of at
least 50 will flow from the first blood vessel, through

said

extravascular passageway, and into the second blood

vessel.

14. The method of Claim 13 wherein said method

20 further comprises the step of:

25

b) forming at least one secondary
extravascular passageway between said second blood
vessel and another blood vessel of the heart such
that blood which has entered the second blood vessel
through the first extravascular passageway will
subsequently flow into another blood vessel through
said secondary extravascular passageway.

15. The method of Claim 14 wherein said blood is

caused to flow into the other blood vessel through the
30 secondary- extravascular passageway by:

35

c) blocking the second blood vessel at a
location adjacent the second extravascular
passageway to cause said blood to flow from said
second blood vessel through said second
extravascular passageway and back into said other
blood vessel.

ePst‘E‘Q:‘zfs% b“é‘ﬁr&@&?r&:‘é'dééxo%%p%éwfa&% C'?Lrgr:‘?lrgg 35
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30 620 is positioned adjacent the lum nal surface of the first bl ood vessel
BV[err] and the defl ated second toroidal balloon 622 is positioned adjacent
the lum nal surface of the second bl ood vessel 622, with the connector
menbers 624 extending |ongitudinally through the passageway 10. 35

Thereafter 1. st and second toroidal balloons 620, 6 iLpklated so
as to Iong??tg?ha |y conpress the portions of the walls oﬁg?ﬁéﬁgfggd-
vessels BV[err] and BV[err] and WO 97/ 13463

PCT/ US96/ 16483 -85- the tissue portioridP4ocated therebetween, surrounding

t he passageway 10, as_shown .in. Fi e .9c. The, toroi dal  bal |l oon nenber
620, 622 nmay be tAfl alRe Bethrd ‘bél%éﬁlﬁ‘o&s‘q}?rﬁh?aﬂf sty PR, 8¥subst ance
which wi |l fsalildy fdrst @end issdondsdlocditipnaf age bhe at drloiodalvesalelloon nenber

620, 622 hayg;bgcque dphl Yedy daeaPYo R0 SHd Gratiie 1R Wile@@ii by down-1ine
| eakage or o%st%hlc?:gdmirg]htfretdoggl fsleePs%u Cs)ggmgggb oefr a6§960d6 %%:'ssel
’
5 1is present. 17. The method of Claim 1 wherein step a
of said method is carried out by:

i) providing a passageway-forming
catheter device <comprising an elongate
flexible catheter body having a tissue-

10 penetrating element passable therefrom so as

to penetrate through the wall of a blood
vessel in which said catheter body is
inserted;

ii) inserting said catheter body into

15 the vasculature and positioning said catheter

body such that the tissue-penetrating element
is located adjacent the location at which said
extravascular passageway is to be formed;

iii) passing said tissue-penetrating

20 element from said catheter body so as to form

said extravascular passageway in accordance
with step a of said method.
18. The method of Claim 17 wherein step i further
comprises:

25 providing an orientation means for locating
said first and second locations and for orienting
the catheter device such that the tissue-penetrating
element of the catheter will pass from said first
location to said second location, thereby forming

30 said extravascular passageway between said first
location on a blood vessel and said second location
on a blood vessel.

19. The method of Claim 17 wherein the tissue~-
penetrating element of the device provided in step i

35 further incorporates a lumen through which a guide wire

may be passed upon creation of said extravascular
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fourth enbodinment of a 10 |ongitudinal

Fi g+e—9d __shows a
conpressi on apparatus 22d whi ch tonpr+ses—ah—alnular first nagnet 626 and
| ongi t udi mat—-

an annul ar second nmagnet 628 connected by a plurality of

connect or nenbers 630.

The apparatus 22d is initially deployed within the

passageway 10Wegtsugsat the first annular 15 nagnet 626 is positioned
BV[ er drmadhgyy

adj acent the | um nal
magnet 628 is positioned adjacent the | um nal

second annul ar
second bl ood vessel

surface of the first bl ood vessel
surface of the

BV[err]. These annul ak0fagnets 626, 628 are then
anot her 20 such that the
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SRRntONG{RANEGLIL of one or more other

ssa i
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20. A met
hod coronary revascularizatiop in a

mammalian i .
: heart having arteries and veing formed t i
said method comprising the steps of: herein,

15
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rovidi
to folz:m _inga Passageway-foming Catheter adapteq
an extravascular
ass
blood vessels; P ageway between two

vesse
. 1s, through the extravascular Passagew
into the other biood vessel. TR and

21, Th i
€ method of Clainm 20 wherein said at least

30 bassageway(s) into the vein of the heart

22, i
The method of Claim 23 wherein arterial blood

35 i
the cardiac venous vasculature
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30 extends fromthe inner side of the first ring nenber 632. At |east one
correspondi ng receiving aperture (not shown) is/are forned in the second

ring menber 634, and such receiving aperture(s)

is/are sized and configured

to receive the connector nenber(s) 636, and to engage rachet 35 serrations

or other engabadrasearfaces fornmed on the connector nenber(s,l)c.lt}&‘sg ?'Iég,ie
apparatus 22e is nounted within the passageway 10 by initially a 95 ng

t he WO 97/ 13463
-86- catheter 638, with the balloons 64019272, deflated, through the

PCT/ US96/ 16483

passageway until thg,up ri I ~0 .S, IR j.uxtaposition to and
abutment with the Ig?n'ena esur%]%ééggﬁiet%lea%ﬁ rz}t '&é&?&nv?_?égl aﬁfﬁ?’??, and
the second rin§lpefbédis scaaged s tion £1pM apbspughnthe avrimbsenms weth the

| umi nal surf acgeetopE8Lfesie orsrdi 40 e Menife |t
640, 642 are s
634 inwardly t
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HPughr leheTear@akEevenblig bal | con

WERLLTREOMS Kyl WHhEh" %  entlfih ' PR VaTa LS 632

opposite direction, at a location adjacent an
extravascular passageway.

24. The method of Claim 21 wherein the method
further comprises:

utilizing said catheter to form at least one
secondary extravascular passageway from said vein of
the heart to an artery of the heart such that
arterial blood which has entered said vein of the
heart will subsequently flow through said at least
one secondary extravascular passageway and into an
artery of the heart, so as to profuse cardiac
tissues through the cardiac arterial vasculature.
25. The method of Claim 20 wherein said method is

carried out for the purpose of bypassing an obstructed,
injured or disease—affected segment of an artery of the
heart.

26. The method of Claim 25 wherein said
revascularization is performed in the heart of a mammal
having a Circumflex Artery, a Great Cardiac Vein, an
Anterior Interventricular Vein and a Left Anterior
Descending Artery for the purpose of bypassing an
obstructed, injured or disease-~affected segment of the
Circumflex Artery, wherein said method further comprises:

i. forming a primary extravascular passageway
between the Left Anterior Descending Artery and the
Anterior Interventricular Vein;

ii. forming a secondary extravascular
passageway between the Great Cardiac Vein and the
Circumflex Artery at a location downstream of the
opstructed, injured or disease-affected segment
thereof; and,

iii. causing blood to flow from the Left
Anterior Descending Artery through the primary

‘This Sheet Has Been Replaced
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————— -

another. As the ring menber 632, 634 are urged inwardly, 10 the legs 636
i nto the—+receiving.

apertures of the second ring nenber 634 and the rachet serrations on | eg
636 will be frictionally engaged and held within such receiving apertures
(not shown Wien the desired amount of 15 conpression of the walls of
bl ood ves P@fo%rr] BV[err], and tissue interposed t hBEHHS6M6488 and
surroundi ng t he passageway 10 has been achi eved, the ball oons 640, 642 may
be deflated, and the catheter 638 beagppg the defl ated bal | oons 640, 642
will be withdrawn, |eaving the 20 apparatus 22e in place wthin the
passageway 10. Fegtrams2ulal’ ' passageway si tthromghodithent Anteridongi t udi nal

conpr essi on_ appaalUs, ARl 1WAhED FBYa glwwﬂee%e@athbafabg c ol favascul ar

passageway 10 for etween vessels BVerr err in

accordance with 2pd thyoughs £hR: secapdary srtravage §HOR)HSS"=“¥‘FW%Y appar at us
Z22f conprises aintd urtdlel t gircdmf kabsaatery| | ydowestaldam |, of| cttgat e,

pre-bentg resil @%Mé&dﬂ?ﬁ&éﬁﬁraﬂg@@&f ct@8Lddene CYL1 NI | cal
array. Optio : ¢ylindrical connector 48 n'ed of rigid
or ereo .

27. The method of Claim 26 wherein step iii is
accomplished by blocking the lumen of the Anterior
Interventricular Vein at a location adjacent the primary

10 extrawvascular passageway.

28, The method of Claim 27 wherein step iii is
further accomplished by blocking the lumen of the Great
Cardiac Vein at a 1location adjacent the secondary
extravascular passageway.

15 29, The method of Claim 25 wherein said
revascularization is performed in the heart of a mammal
having a Circumflex Artery, a Great Cardiac Vein, an
Anterior Interventricular Vein, and a Left Anterior
Descending Artery for the purpose of bypassing an

20 obstructed, injured or disease-affected segment of the
Left Anterior Descending Artery, wherein said method
further comprises:

i. forming a primary extravascular passageway
between the Circumflex Artery and the Great Cardiac

25 Vein;

ii. forming a secondary extravascular
passageway between the Anterior Interventricular

Vein and the Left Anterior Descending Artery at a

location downstream of the obstructed, injured or

30 diseased~affected segment thereof; and,

iii. causing blood to flow from the Circumflex

Artery, through the primary extravascular

passageway, through the Great Cardiac Vein into the

Anterior Interventricular Vein, and through the

35 secondary extravascular passageway into the Left

Anterior Descending Artery downstream of the

Sheet Has Been R laced

i lIIIH i




30 pliable nmaterial may be connected to each of the individual wre
menbers 646 so as to hold themin the desired cylindrical array. Each wire
menber 646 is pre- bent so that, when unconstrained, the opposite ends of
each wire rrerrber 646 will curl outwardly so as to cause 35 the wire

menber toy a generally "C' shaped configuratio as shown by the
dotted I|nes I N E%gure of'*. Initially, the apparatus ZZfP?yugﬂﬁﬂﬁ‘{séd within
t he WD 97/ 13463 PCT/ US96/ 16483

-87- lumen 652 of a tubular delivery T¥#meter 650. An inner tubular
ol i very cat hot erPHSSSUCRRD: | TR nBF or BASPSEO LI o etal SEBIHToN. 656 of
reduced 5 outer dikeneodr.. The apparatus 22f is m)unt ed within the | unen 652
of the delivery Cﬁhetxfa@ GRARYCIoA N@Ladn 26 NhEEDYR! SBLEE (1gTHEY S 646 are
constrai ned gggogﬁl h'e'& %ubgaggltdgl l‘é/heStlr ai ght fc%g urati ons e proxi nmal
ends g umen o e reat Cardiac
5 Vein at a location adjacent the primary extravascular
passageway.
31. The method of Claim 30 wherein step iii is
further accomplished be blocking the lumen of the
Anterior Interventricular Vein at a location adjacent the
10 secondary extravascular passageway.
32. A method for performing a medical procedure at
an intracorporeal target location within a mammalian
body, said method comprising the steps of:
a) positioning, within a blood vessel a
15 catheter device which comprises:
i) a flexible catheter body having a
proximal end and a distal end;

ii) a tissue~penetrating element
passable out of a first location omn said
20 catheter body to form an extravascular

passageway which extends from the blood vessel

in which the catheter is positioned to an

intracorporeal target location outside of said
blood vessel;

25 b) orienting the first 1location of the
catheter body relative to the intracorporeal target
location such that the tissue-penetrating element
may pass out of the first location of the catheter
body to form an extravascular passageway between

30 said blood vessel and said intracorporeal target
location;

c) passing the tissue—-penetrating element out
of the catheter body to form said extravascular
passageway between said blood vessel and said

35 intracorporeal target location; and,

d) passing at least one procedure-performing
apparatus through said extravascular passageway and
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b mme——

of t he mﬁre_

wal | of the

nmenbers 646 are captured between the outer 10 surface

of the

er tubw-as—satheter—-654 and the-inner lumnal

outer catheter 650 as shown in Figure 9f'. The appar at

us 22f is

i nplanted within the passageway 10 by initially passing the delivery
catheter 650 into the passageway 10 15 such that the distal end of the
del ivery ca¥¥3463s | ush with the |umenal surface of thcPGHVSSNEBRDOU.

vessel BV[er

r] as shown in Figure 9f'. Thereafter, the inner tub

ul ar

catheter 654 is advanced in the distal-i@igection to cause the distal ends

of the wire

cat heter 650
curl outward
surface of t

menbers 646 to 20 energe out of the distal end of the

outer

, theneh¥iaibg@wsaddt [proceduab~pexfafniriyye apparamrbeto646 to

he firfst od vessel BV|err], as shown in Figure '

1Y angeRPbin 0! BEEQITE ﬁe&m’ﬁsi VBEYCOdBRI L 0o NELRL4D

e | unenal

Thereafter, the | AREF2CAFPRYGH 35rIeb41Peatiq%acted slightly in the
proxi mal directi oB3sto Théemeehsdicopr OXaim| 3Rewhenéihheaitir aedRolers 646

fromfricgio
the inner tu
Ther eafter,

10

15

20

25

30

35

JocBUUBIETE g de el L RS, Lbibndd b8,
shergini paid procedure-performing apparatus comprises a
tubular cannula through which said flowable substance may
be passed into said extravascular location.

34. The method of Claim 32 wherein said medical
procedure is the implantation of an implantable drug
delivery apparatus, and wherein said procedure-performing
apparatus is an implantation device for passing said drug
delivery apparatus through said extravascular passageway
and for implanting said delivery apparatus at said
extravascular location.

35. The method of Claim 32 wherein said medical
procedure is the implantation of radicactive matter for
radiotherapy, and wherein said procedure-performing
apparatus is an implantation apparatus operative to pass
said radioactive matter through said extravascular
passageway and to implant said radiocactive matter at said
extravascular location.

36. The method of Claim 32 wherein said medical
procedure is the implantation of a stimulator apparatus
and wherein said procedure-performing apparatus comprises
an implantation apparatus for passing said stimulator
apparatus through said extravascular passageway and for
implanting said stimulator  apparatus at said
extravascular location.

37. The method of Claim 32 wherein said medical
procedure is the implantation of a sensor apparatus and
wherein said procedure-performing apparatus comprises an
implantation apparatus for passing said sensor apparatus
through said extravascular passageway and for implanting
said sensor apparatus at said extravascular location.

38. The method of Claim 32 wherein said medical
procedure is the implantation of a electrode apparatus

656 of
650.

i



30 catheter 650 is retracted in the proxinal

direction thereby |iberating

the entire apparatus 22f fromthe constraint of the surroundi ng catheter
650 and allowi ng the proximal ends of the wire nenbers 646 to curl
abut with or becone conpressively inserted into the 35 |um nal surface of
t he second @igafsessel BVierr], as shown in Figure 9f'"' CT(}!HQ Pagjs

manner, the apparatus, 22f serves to conpress the walls of f)’ d
vessels BVferr], WO 97/ 13463

PCT/ US96/ 16483 -88- BV[err],

and any t11d80e interposed t her ebet ween,

and to

in the

area surroundi th a Addi tional | shown in, Figure 9f"""’
it will be aﬁﬁaq@? eig‘ Fﬁg& %5#858 % épﬁafﬂ‘é“%ﬁf’fnﬁﬁ?'?%%
connect or neRberirgi@ntatdoep cgm?ra&@ucﬁpn:yPaLMng:abamdnraée’chrodenber may
conprise a seggaeateé ENFe R Ié*alqr e&'tQB(rQ%HP&f cpagés%tdeds&t ahli2kos0 as to

forma substan

illustrated
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locatlon.

39. The method of Claim 32 wherein said medical
procedure is the implantation of a transmitter apparatus
and wherein said procedure-performing apparatus comprises
an implantation apparatus for passing said transmitter
apparatus through said extravascular passageway and for
implanting said transmitter apparatus at said
extravascular location.

40. The method of Claim 32 wherein said medical
procedure is the implantation of a receiver apparatus and
wherein said procedure-~performing apparatus comprises an
implantation apparatus for passing said receiver
apparatus through said extravascular passageway and for
implanting said receiver apparatus at said extravascular
location.

41. The method of Claim 32 wherein said medical
procedure is the implantation of a transponder apparatus
and wherein said procedure~performing apparatus comprises
an implantation apparatus for passing said transponder
apparatus through said extravascular passageway and for
implanting said transponder apparatus at said
extravascular location.

42. The method of Claim 32 wherein said medical
procedure is the implantation of a support member
apparatus and wherein said procedure-performing apparatus
comprises an implantation apparatus for passing said
support member apparatus through said extravascular
passageway and for implanting said support member
apparatus at said extravascular location.

43. The method of Claim 32 wherein said support
member is a stent which is initially deployed in a
compact configuration as it is passed through the
extravascular passageway, and which 1is subsequently
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It will be appreciated that, although the apparatus 10 22f has been

described h
may al t er nat
mat eri al and

= e, thewire e

nhers 646

ively be formed of nalleable netal or other pressure-d
a suitable deformation tool such as an inflatable bal

be deployed within the introducer 15 catheter 650 so as to voliti
pressur e- deWO3T18468 ends of the wire nenbers 646 as they FEFEISI6/1648% t he

cat heter tub
configuratio
System Fi gur

e 650, thereby providing the desired pre-bent "C' shap
n. v. A Preferred Passaggwgy- Form ng Cat heter and 20
es 1l0a-11d show two basic enbodi nents of a preferred

ef or mabl e
| oon may
onal |y

ed

passageway- f gepiiBgegat 86t ean asfepscDreansoniiapatiahus tohi ¢hpastbi ne to

forma passa
25 Figures

%%%g%iﬁ N FD gD 1@3§9rﬁﬂ@9§nm.¢xc_{4%e sQ!r%?@ﬂ{'ei

pr ovi st ep- by-step show ngs o e preferred

nventi on.
nmet hod

for utilizindochtedadtatith RAtFATRARGULEE hEPEREICd syst em shown in Figures
10a-11d, to creat@san exérayehsdl 6f paasagspawhiebnt vata meaiadi acent

bl ood vesgel
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%rgngﬁgL’ig“/ﬁgrﬂmplantation of a marker apparatus and

wherein said procedure~performing apparatus comprises an
implantation apparatus for passing said marker apparatus
through said extravascular passageway and for implanting
said marker apparatus at said extravascular location.

45. The method of Claim 44 wherein said marker is
formed of radiographically visible material.

46. The method of Claim 32 wherein said medical
procedure is tissue ablation, and wherein said procedure-
performing apparatus is a tissue ablating apparatus.

47. The method of Claim 32 wherein said medical
procedure is tissue destruction, and wherein said
procedure-performing apparatus is a tissue destruction
apparatus.

48. The method of Claim 32 wherein said medical
procedure is tissue cutting, and wherein said procedure-
performing apparatus is a tissue cutting apparatus.

49. The method of Claim 48 wherein the medical
procedure is transection of a nerve, and wherein said
procedure-performing apparatus is a nerve-transecting
apparatus.

50. The method of Claim 32 wherein the medical
procedure is the sampling of a biological f£fluid, and
wherein said procedure-performing apparatus is a cannula
through which a sample of biological fluid may be
aspirated from said extravascular location.

51. The method of Claim 32 wherein the medical
procedure is a sampling of solid matter, and wherein said
procedure-performing apparatus is an apparatus for
removing a sample of solid matter from said extravascular
location.

52. The method of Claim 51 wherein said medical

procedure is a tissue biopsy, and wherein said procedure-

"M



30 Wth reference to Figure 10a-10c, there is shown a first

enbodi nent of a preferred passageway-form ng cat heter device 100p, which
fl exi bl e catheter body 700 having a | unmen 702
ext endi ng Iongitudinally t heret hrough and term nating, at its 35 distal
tlet aperture 704. A tissue- penetratifg Ienent 102,

conpri ses an el ongate,

end, in a dﬁﬁi

mhlch may conprlse any suitable tissue-penetrating el enent

t hose shown

WO 97/ 13463

Y any of

PCT/ US96/ 16483 -89- in Figures 7a-7k aﬁézdescribed her eabove, is disposed
within the lunen 702 of the catheter 700. It will, be appreciated that
‘H#WOFQPH

the outlet aBEFtQrBings2BRAFANF t§ur Rt
t o 5 accompeéatierabyieve theegmenbbdt thadust fromesasd feort rawascnjaihe
ti ssue-penet RakbRPsgl ement out of the outlet aperture 704,
penetrating-
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elenegg.ou%let schenpes SQBWH speC|f|caII I n, Fi gures 6a- 6i

he method of
further comprises:

aim wherein said method

withdrawing said catheter from the vasculature
following performance of said medical procedure.

54. The method of Claim 32 further comprising:

positioning a tubular cannula within said
extravascular passageway and causing said tubular
cannula to remain indwelling within said
extravascular passageway following extraction and
removal of said catheter.

55. The method of Claim 54 wherein said indwelling
tubular cannula extends from said extravascular location
to an intracorporeal location, so as to drain fluid from
said extravascular location to said second location.

56. The method of Claim 54 wherein said indwelling
tubular cannula is accessible from any extracorporeal
location to permit desired matter to be delivered through
said cannula to said extravascular location.

57. The method of Claim 56 wherein said cannula
extends through said extravascular passageway, and
through the vasculature, and is coupled to a subcutaneous
injection port which is accessible from an extracorporeal
location, to allow flowable matter to be percutaneously
injected into said injection port and delivered to said
extravascular location through said indwelling cannula.

58. The method of Claim 53 wherein said method
further comprises: _

closing the opening in the blood vessel from
which said extravascular passageway was formed,
following completion of said medical procedure.

59. The method of Claim 58 wherein the closing of
said opening in the blood vessel is carried out by the
deployment of a blood wvessel wall closing apparatus
selected from the group of apparatus consisting of:
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descrlbed her eabove. 10 The erX|bIe catheter body 700 is preferably
3 : = on, pebax—poelyethylene,
etc or pllable netal t ubi ng such as a th|n malled hypot ubi ng. A
metal braid or other reinforcement material may be nounted upon or
formed 15 within the wall of the catheter body 700 to provide structural
rei nforcemMP9HBY¥62 0 pernit the catheter body 700 to be rBEHUEW16#83t or qued
wi t hout undue disfigurenment or crinping. Additionally, in enbodi nents
wherein the tissue-penetrating el emert19d2 conprises a pre-bent, 20
resilient nmenber or needle, a rigid tubular reinforcenent nenber 701 may be
posi ti oned about a di shaenegogy+temitdfinghdeviicen 702 of the catheter body 700
, as shown in Figure 10RaufOnpraidiidi;rigid constraint for the pre-bent
distal portion of the penetratin el énent 102 when the 25 penetrating
el ement 102 is retracPedUFHHPY FYAGFEn 702 of the catheter body 700. The
presence of such tububastaglirigrdzanest; nenber 701 will additionally prevent
any sharpened distal tjpeRihddldiass aQenetratlng el ement 102 from

scarring or penetrating 1nto the reI sof t
a stented endovascular graft;

a balloon;

a coil;

strands of coagulation producing materials;

10 microfibrillar collagen;

collagen sponge;

cellulose gel; and,

combinations thereof.

60. A catheter device insertable inte a blood

15 vessel and useable to form an extravascular passageway

which extends through the wall of the blood vessel in
which the <catheter device is inserted, to an
intracorporeal target 1location, said catheter device
comprising:

20 a flexible catheter body having a proximal end
and distal end;

a tissue-penetrating element passable out of a
first location on the catheter body to form said
extravascular passageway; and,

25 orientation means for determining at least the
rotational orientation of the catheter body to
facilitate proper positioning of the first location
on the catheter body such that subsequent passage of
the tissue~penetrating element from the catheter

30 : body will form said extravascular passageway between
said blood vessel and said intracorporeal target
location.

61. The device of Claim 60 wherein said first
location is an outlet aperture formed in the distal end

35 of said catheter body and said tissue penetrating element

is passable out of said outlet aperture, and wherein said
tissue~penetrating element is adapted to bend in a first

This Sheet Has Been Reﬂl ed
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30 plastic material of which the catheter body 700 may be nade. A hand

pi ece 706 is nounted on the proximal end of the pliable catheter body 700.
The handpi ece 706 conprises a rigid outer shell having a generally 35
cylindrical, hollow inner cavity 712 formed therewithin. A proximl portion

of the tissuwopeasissati ng el ement 102 extends into the inng,r Z}%%{%ty 712 of
t he handpi ece 706. -90- An actuator button 710 is connelf& 16883
ti ssue- penetrating elenent 102, as shown in Figure 10c. The actuator
button 710 may be depressed and advancedl#n the distal direction to cause

the tissue- penetrati%? el enent 102 to_pass, out _of the outlet aperture 704

S .
for the purpoSt¥BFEiRR ATItRRTRT Q¥&sehisaid qutlet aRPrtyrsr formed esent

i nvention. Thénedfheerdisted agndiabér smidt crathkdenn\bdady,r ets achegeby t he
proxi mal diregbheprife ' €hbaGalihed | 6R4CHREBA! WRLERY 8L RN cH NERet he |umen
702 of the catheter has been inserted.

5 62. The device of Claim 60 wherein said first
location is an outlet aperture formed in the side wall of
the catheter body, and wherein said tissue-penetrating
element, when passed out of said outlet aperture located
in the side wall of said catheter body will penetrate

10 through the wall of the blood vessel into which the
catheter has been inserted.

63. The device of Claim 60 wherein said tissue-
penetrating element comprises an elongate, pliable needle
having a sharp distal tip and a pre-bent resilient spine

15 member positioned therewithin, said spine member being
operative to cause said pliable needle to bend in said
first direction.

64. The device of Claim 60 wherein said tissue-
penetrating element 1is an elongate member which

20 comprises:

i) a pliable proximal shaft having a distal
end, and

ii) a sharpened tip member formed of rigid
material and mounted on the distal end of said

25 pliable proximal shaft.

65. The device of Claim 60 wherein said tissue-
penetrating element comprises a resilient, pre-bent
member having a sharpened distal tip.

66. The device of Claim 65 wherein said needle is

30 formed of a material which is superelastic when inserted
within the mammalian body.

67. The device of Claim 66 wherein said super
elastic material is a nickel-titanium alloy.

68. The device of Claim 66 wherein said pre~bent

35 resilient member is a hollow needle having a hollow lumen
extending longitudinally therethrough.

This Sheet Has Been Reﬂlaced
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10 flexible catheter body 700. Optionally, an inaging catheter side car
tal—portion-of_the flexible_catheter body

700. This imaging catheter side car 720 conprises an elongate tube

having a lunmen 722 extending 15 |longitudinally therethrough. A w ndow
724 is forned in the upper side wall of the side car 720, immediately

adj acent tW@%G(#4%8t aperture 704. An imaging catheter 50PCIOISH6/Ga83N

i ntravascul ar ultrasound catheter of the types comercially avai'l abl e

from Boston 20 Scientific/Cardi ovgpgul ar | magi ng, MA; Endosonics, Inc.,
Pl easonton, CA: and Hew ett-Packard, North Andover, MA., is insertable into
the lunen 722 oféd.he Thieddevhce 720 €laimt hat whére Hensdid gard-bemt52 (e. g.

portion wh &t grub L rasoing; ik Qiktted and received) is positi oned
25 next tgkt‘gvﬁlnl Ii7 %he rraterr% of which the side car 720 is made is

preferably a mat"é’rl afrhﬁhdéﬁlﬁﬁl PR &% aheReds Girick timsusype of energy
(e.g., ultrpaostdtinkg elementit cdmpmeikdsy dnhelonggtagnaiidictiniving but the

wi ndow 24 4 S £2bble! rbboesgme@ersural&r diBtPVeLRf thbledP, 3o mter!a
whi ch may be perneate ener
comblnatzon w1th a tubular sheath disposed around said

needlie member and longltudlnally moveable relative to
said needle member.

71. The device of Claim 60 wherein said tissue-

10 penetrating element comprises an elongate member having
an energy-emitting distal tip formed thereon, said
energy-emitting distal tip being operative to emit energy
which will <facilitate penetration of said tissue-
penetrating element through tissue.

15 72. The device of Claim 60 wherein the energy-
emitting distal tip on said tissue—-penetrating element is
selected from the group of energy-emitting apparatus
consisting of:

a resistance-heated tip;
20 a monopolar electrocautery tip;
a bipolar electrocautery tip;
an ultrasound-emitting tip member; and,
possible combinations thereof.

73. The device of Claim 60 wherein said tissue-

25 penetrating element comprises an elongate member having
a distal end with a rotating tissue-severing apparatus
formed thereon.

74. The device of Claim 60 wherein said tissue-
penetrating element is a flow of energy passable out of

30 said outlet opening formed in said catheter .body.

75. The device of Claim 60 wherein said flow of
energy 1is selected from the group of energy types
consisting of;

laser light; e s

35 heat; This Sheet Has Been Reﬁlaced
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possible combinations thereof.




by the imaging catheter 50. In this manner, the sensor portion 52 of the

i magi ng catheter 50 wilT receive an inmage only of the area which is in
alignnment with the wi ndow 724. Additionally, the window 724 is preferably
35 of a rectangular configuration and is confined to the side wall of the
side car 720wdnomizdss | nmedi atel y adj acent the outlet apert t he
fl exi bl e cat heter WO 97/ 13463 i%ﬁu&%ﬁg&i .
PCT/ US96/ 16483 -91- body 700. In this manner, such specific sizing,
configuration and positioning of the wiTHRT 724 may pernit the user to

acconplish precise tath onal orientati of. t he cat.heter. apparatus 100p by
sinply 5 rotating t7|r’16Ce1 .argk)%r g’?ﬁrgcfogtpf Ldrﬁ%:lf“ He ‘ﬁ’zﬁrgeét“ ﬁasléﬁep‘ﬁfu&“, ot her
bl ood vessel ) Repeirating elepept HSOMRRLSSf it Glengate areioe thastigiy t he

wi ndow 724, t heneReni ek erlingdl 6H6t tidithaluly ehe PPitoligh,704: SR ti oned
correctly so tbhr.-'?fngs ‘é%i%gg@gﬁlg 6*'lsos%ggogfrctehc(;"f tﬂeséfa Sve pressure so as
5 to draw tissue into said lumen through the distal end of
said tissue-penetrating element.

77. The device of Claim 60 wherein said tissue-
penetrating element comprises:

a pre~bent resilient, tubular sheath having an

10 open distal end; and,

an elongate member having a sharpened distal
tip, said elongate member being disposed within said
tubular sheath and advanceable therethrough, such
that the sharpened distal tip will emerge out of the

15 open distal end of the sheath;

said elongate member being constructed of
material which is sufficiently pliable to conform to
the pre-bent configuration of the tubular sheath.

78. The device of Claim 60 further comprising:

20 a side car apparatus connected to at least a
distal portion of the flexible catheter body, said
side car apparatus being configured to received
therewithin an imaging catheter such that the
imaging catheter may be utilized to observe passage

25 of the tissue-penetrating element out of the first
location on the catheter body.

79. The device of Claim 78 wherein said side car is
formed of a material which is at 1least partially
impermeable to the energy utilized by the imaging device,

30 and wherein said side car further comprises: _

a window formed in said side car immediately
adjacent said first location on the catheter body to
permit said imaging device to observe the passage of
said tissue-penetrating element out of said first

35 location on the catheter body and through the wall
of the blood vessel in which the catheter is
positioned. —
This Sheet Has Been Replaced
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10 penetrating elenment 102 out of the outlet aperture 704 will cause the

' ' e wal |—ef—-the—bleod
vessel in which the catheter apparatus 100p is |l ocated, and into the target
tissue (e.g., other blood vessel). Mor eover, such 15 positioning of
the window 724 will permt the inmaging catheter 50 to be utilized to
observe t heWQ&7R363 npvenent and penetration of the tissuePPESPY/16#83g
menber 102, thereby ensuring that the extravascul ar passageway is fornmed at
the desired | ocation. 20 As an aktgemnnative to fornation of a w ndow
724 at a discrete |location within the side car 720, the distal end of the
side car 720 may b&0l ockheedlevdicacefit Clabm s79 evlmiraini shittheibdew ubs

penetrating npREE;dikdd R3S 383 gRMén O fwiltie that aﬁ&thﬂaﬁ'éﬂdsmf sensor
portion 52 of ‘the 25 imagi.ng catheter 50 pay sinpl exten%i out of and
beyond the di §?§Fu%'ﬁ%e‘b‘?t‘%ﬂ‘é‘%§i 8&395” 7%“5!.%??% WPQ fE§2EIXAPY | mage
t he depl oynensaaddexuravaswulair phgsageeay; penetrating el ement 102. In this
0. onger® be 1 1mited g Rgn by ERSEReY) bbby Tadeker & W o
portion of sid orientation means, the orientation of
the first location on said catheter body being
thereby controllable by rotating the catheter device
until an imaging apparatus positioned within the
10 side car is able to view the target area into which
the passageway is to be formed, thereby ensuring
that the catheter device is in proper rotational
crientation prior to advancement of the tissue-
penetrating element out of the outlet aperture.

15 81. The device of Claim 60 wherein the catheter
body is formed of a flexible plastic material, and
wherein a rigid tubular reinforcement member is disposed
about a portion of the lumen of said catheter body,
adjacent the outlet aperture, to prevent the tissue-

20 penetrating element from resting in contact with the
pliable plastic material of the catheter body when the
tissue-penetrating element is retracted into the catheter
body. '

82. The device of Claim 60 further comprising:

25 a handpiece mounted on the proximal end of said
catheter body, said handpiece having an actuator
button which is connected to said tissue-penetrating
element, said actuator button being advanceable in
a first direction to advance said tissue-penetrating

30 element out of said outlet aperture, and retractable

in a second direction to retract said tissue-
penetrating element into the lumen of said catheter
body.

83. A system comprising the passageway-forming

35 catheter device of Claim 60 further in combination with:

an imaging apparatus which is usable in
conjunction with said orientation means to fﬁrther

This Sheet Has Been Reﬁlaced
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| magi ng catheter 50 may be capable of imaging in a full 360[err] radius
about the distal end of the side car 720. Accordingly, any suitable types
of marker apparatus or nmarking materials may be fornmed on the catheter
apparatus 35 |oop or tissue-penetrating elenment 102p to permt the inaging

cat heter 55 tilized for the desired function of L ni.ng the
correct rrd e WO 97/ 13463 rCifoSlaela "0

PCT/ US96/ 16483 -92- orientation of the catheter device 100p prior to
depl oynent or actuation of the tissue peh¥rating el enent 102.

Addi tionally, as descr,ihed hereabove, a guide wire 5 |umen 726 may extend
| ongi t udi nal Iy t hr FfGF1katei Shfe- PReR.Y r Aast§ierdrgntofiophanfingr
termnate distally lovaxigni de the ecatlidtair dpadyture 728 fornmed in the distal

end of the tissue- Qﬂﬂ_et TRk R st chiBm 9% e BN 1q 311%‘61%% wire GW
may extend through the tissué- enetratlnhg ) ) i
apparatus is selected from the group of imaging apparatus
5 consisting of:
ultrasonic imaging apparatus;
Doppler imaging apparatus;
radiographic imaging apparatus;
magnetic resonance imaging apparatus;
10 electromagnetic imaging apparatus; and,
possible combinations thereof.
85. The system of Claim 84 wherein said apparatus
is an imaging catheter.
86. The system of Claim 85 wherein the passageway-
1s forming catheter device further comprises a side car
apparatus connected to at least a distal portion of the
flexible catheter body, said side car apparatus being
configured to receive the imaging catheter therewithin,
such that the imaging catheter may be utilized to cbserve
20 the passage of the tissue-penetrating element from the
first location on the catheter body; and,
said imaging catheter being positioned at least
partially within said side car apparatus.
85. The system of Claim B4 wherein said side car
25 apparatus is formed of a material which is at least
partially and permeable to the energy utilized by the
imaging catheter, and wherein said side car apparatus
further comprises:
a window formed in said side car apparatus
30 . immediately adjacent said first location on the
catheter body to permit said imaging catheter to
observe the passage of the tissue-penetrating
element out of the first location on the catheter
body and through the wall of the blood vessel in
35 which the catheter body is positioned; and,
said imaging catheter being located within said
side car adjacent said window so as to limit the

eet Flas Been Replaced
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10 elenent 102 and nmay be advanced out of guide wire outlet aperture 728.

+Hi—enbedirents—where-A—the—t+ ssue-peretratirg—ererent 102 i s—previ-ded—with

a guide wire lunmen 726 and guide wire outlet aperture 728 at its distal

end, the 15 presence of a guide wire GNw thin such [umen 726 may be
utilized as a neans for accurately determ ning when the distal end of the
ti ssue- pencWPHHIME3 el ement 102 has penetrated into the | uRERUSPO/I6483,, get

bl ood vessel or other cavity or open area. To acconplish this, continual 20
or intermttent distally-directed prassdre wll be appli ed to the
guide wire GWNas the tissue-penetrating elenent 102 i s advanced through the
wal | of the bl ood fkekt| obsexyad hby héagét Haagingp patieter100p that ocat ed

and through any Otmckﬁx'té %‘b%&euhmetiﬁmﬂ Waaaolivhbeh 25 the passageway
10 is to pass. on as th :%té 1;, tg tisSS.Lée- enetrating el ement
102 is in abut m&*nt8 R §¥ﬁ kjﬁl’"&e WPE évaéﬁ Bg BPEVERed from
emér gi ng and idmngngabhetmf davice sisl tonjugabde \such cnltdtetsap:brture 728
and, accorgi nghynet&e. déﬁ@éIﬁaﬁl5@%6d1§90nﬂﬁﬁsw€awlm%u oeid1e guide
wre GVwll Qmaglng catheter is able to view the target area through
said window, thereby ensuring that the first location on
the catheter body is in the correct rotational position
prior to passage of the tissue-penetrating element out of
10 the first location on said catheter body.
87. The system comprising the catheter device of
Claim 58 wherein the tissue-penetrating element comprises
an elongate member having guide wire lumen extending
longitudinally therethrough such that a guide wire may be
15 advanced through said lumen upon formation of said
extravascular passageway by said tissue-penetrating
element, said system comprising:
said catheter device of Claim 58 further in
combination with an elongate flexible guide wire
20 which is passable through said guide wire lumen of
said tissue-penetrating element.
88. A longitudinal compression apparatus useable to
longitudinally compress tissue surrounding openings
formed in first and second tubular anatomical conduits
25 having lumens, wherein said first and second tubular
anatomical conduits are in side-to-side juxtaposition to
one another such that said openings are in alignment with
one another, said longitudinal compression apparatus
comprising:
30 . a first portion positionable. in abutment with
the lumenal surface of the first tubular anatomical
conduit surrounding the opening therein;
a second portion positionable in abutment with
the lumenal surface of the second tubular anatomical
35 conduit surrounding the opening formed therein;
means for connecting said first and second
portions to each other, so as to longitudinally

TN
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resi stance due to the presence of the tissue abutting against the guide
wre outlet aperture—728—"However, when the distal end of the

ti ssue-penetrating elenment 102 enters into the lunmen of the target bl ood
vessel or other 35 open space, the guide wire outlet aperture 728 w |

i medi at el y JhgepiRes3/NCovered and the guide wire GNw || bepppiSidicad to
rapi dly advance out of the guide wre WO 97/ 13463

PCT/ US96/ 16483 -93- outlet aperture 728 in response to the distally

di rected pressure being applied thereto. ~RRh rapi d advancenment of the

guide wire GNw l | ogm%g'leFE é)ﬂ:n E’P&Tsl?é %h@@fi‘t sh@%{aﬂhé ttﬁxel palcr;‘é?te

ti ssue-penetrating € ere t he
target bl ood vessel "(ﬂenéf‘ﬁéroﬁﬁ'é’r? §bﬁ€'é and %?c?%tanﬁGPmca&MMnt of

the tissue-penetratidig el eapypt l@ktrayabeuvatiti aislsug St oppaskpowedas to
avoi d any possibili t%e%tetbggnt | ssue- penetrating el enent wl I perforate
the contral ateral

5 89. The longitudinal compression apparatus of Claim

88 wherein said first and second portions comprise
annular members positionable in abutment with said
lumenal surfaces.
90. The longitudinal compression apparatus of Claim
10 88 wherein first and second portions comprise opposite
ends of elongate wire members formed in a cylindrical
array and extending through said first and second
openings, said opposite ends of said wire members being
outwardly bent so as to abut against and engage the
15 lumenal surfaces of sajid first and second anatomical
conduits.
91. The longitudinal compression apparatus of Claim
90 wherein said wire members are pre-bent resilient wire
members which, when positioned within said first and
20 second openings and relieved of external constraint, will
assume said bent configuration.
92. The longitudinal compression apparatus of Claim
90 wherein said wire members are plastically deformable,
and wherein said device further comprises a pressure-
25 exerting tool which is operative to bend the opposite
ends of said wire members after said wire members have
been positioned within said first and second openings.

i



10 _of the target bl ood vessel or other tissue on the other side of open
area w t hi n whi ch T he passageway—310—s—to—extend.  Fi gure 10c'-10c"’
provide a schematic illustration of an apparatus which may be incorporated
into the 15 passageway-form ng catheter 100p to exert continuous or
intermtteniyy@bfisgld y directed pressure on the guide wire GN as descri bed
her eabove, for determ ning when the distal end of the tissperpsuakissti ng
el enent 102 has passed into the lunen of the target bl ood vessel or other
20 open space. Wth reference to thﬁées 10c' -10c''"', the apparatus 800
conprises one or nore springs 802 whi 3re connected, by way of a
connector nenber 804 to a portion of the guide wire GNwhich protrudes out
of the proximal end of the catheter body 700. It will be appreciated 25
that the apparatus 800 may be incorporated within the inner cavity 712 of

t he handpi ece 706, or may_be faoryed as aéeper A\ Whi cHipzzppyat abl e
upon the proxi mal end of §h Zgglece 706. Ay S \ T gure 10c, prior
to cormenceman_rq'gf t%so;pr eduy t he gui ¢% ‘ Yoy f L&ely yﬁc’end
out of the i =5~

/



outtet—aperture 728 in the distal end of the tissue- penetrating el enent
102, thereby all ow ng the spring members—802-af—the apparatus 800 to assune
a relaxed (e.g., shortened) configuration. 35 Figure 10c™™ shows—
that, when the tissue-penetrating elenment 102 is bei ng advanced t hrough
tissue, the dQe#i4esnd of the guide wire GNw Il be maintained flush with
-94- the outlet aperture 728, and the spring menbers 802 of r¢17BsogRB@S at uUS
800 will becone stressed (e.g., elongated) due to the distally-directed
pressure being applied by the distal W&{J of the guide wire GWagainst the
adj acent 5 tissue. Figure 10c''"' sho Z{it, when the distal tip of the

ti ssue penetrating el enment 102 has energed into the |umen of a bl ood vessel
or other open area, the guide wire GWw || imedi ately advance out of the
guide wire outlet 10 aperture 728, thereby allow ng the spring nmenbers 802
of ’
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t he apparatus 800 to once again assune their relaxed (e.g., shortened)
confTguration—Fhs—abrupt—advancenent. of the guide wire and rel axati on of
the spring nmenbers 802 will signal to the operator, that the tissue- 15
penetrating el ement 102 has arrived within the lunmen of the bl ood vessel or
other open spige Wﬂ@g:that further advancenent of the tissue-penetrating

el ement 102 shoul & B8 ceased. As stated hereabove it shal l becPOSYsA6{sst €d
and 20 understood that the pressure-exerting apparatus described and shown
in Figures 10c'-10c''' is optional and need not necessarily be included
within the catheter device 100p. Mreov8/23t shall be understood and
appreci ated that continuous or intermttent urging of the guide wire GNin
25 the distal direction and may be acconplished manually (i.e., by hand)

wi t hout the need for the use of any apparatus. Figures 1lla-11d show the
manner in which the preferged passageway-form ng catheter adﬂdsysten1100p
may 30 be nodified tq d@beﬂﬁqdat - %0 _penetrating
el enent 102f shown infkig




her eabove. This particular tissue penetrating elenent is made up of an
: . : I I : inally adv

sheath 326. 35 Figures 1la-11d show a nodified preferred catheter
devi ce 100p, which, like the above-described enbodi nrent of the catheter

devi ce 100p, conprises a flexible -95- catheter body 700 having a | unen
702 ext endi 0 $% udi nal |y therethrough, a handpi ece 706PREYFY%( i nner
cavity 712 forned therewithin, and an i mgi ng catheter side car 720 having
a lumen 722 and wi ndow 724 5 forned therewithin, all of which are descri bed
in detail hereabove. In this enbodi re#4f23f the catheter device 100p', the
handpi ece 706 i s nodi ied t o I ncorporate first and second actuator buttons
710a, 710b. The fi actuator button 10 710a is connected to the pre-bent
resilient inner 322 having the sharpened trocar tip 324 on the

di stal end P >




t hereof . The second actuator button 710b is connected to the tapered

' ' ' | | | e over_the |nner
menber 322, in the manner 15 described in detail hereabove with reference
to Figure 7f. Thus, in this nodified enbodi mrent of the catheter device
100p', the ipner menber 322 and surroundi ng sheath 326 nmay be i ndependently
advanced and WY 3ed utili zi ng actuator button 710a, 710bDRPCTZUS96/16483 |t
will be appreciated that, when the inner nenber 326 is devoid any guide
wire lumen, it will be optional to applé continuous or intermttent
distally directed pressure to the outerb£B8ath 326 to acconplish the sane
| umen- penetration-signaling function descri bed hereabove 25 w th reference
to Figures 10c'-10c'''. Accordingly, the constant or intermttent pressure
spring apparatus 800 nay be attached to the sheath 326 in this enbodi nent
of the catheter device 100p' so as to continuously urge the shegt,.326_in
t he” di stal directioEst Bd&he sane manner 39 described in the u_l,WVBl’-@’G\N
in Figures 10c' -1 . 0 by naqyal
techni que. The cat Qe ==




apparatus descri bed herein may be conbined in various ways to form unique

systens for performng the methods—e+~35—the present invention. The
systens descri bed herein should be understood to be conbi nati ons 6f oneor
nore of the various item zed functional conponents descri bed. -96- The

conponent s oWwd $w@gssystens may be utilized in nechanical or tenporal

rel ati onship to one another to acconplish the novel nethod '

herein, and may be used in any one of the nunerous conbinations possible 5
that sufficiently acconplish the stated objectives. Such systens may

i ncl ude a catheter body dinensioned td®A23 within a bl ood vessel and
advanceable to a location which is in proximty to an extravascul ar target
or nei ghboring vascul ar target. The catheter can further be conbined in 10
some way with one or nore of the described active or passive orientation
means to assist in the proper positioning of the catheter in the bl ood
vessel with

~ 2ot
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respect to the target. Further, the catheter may incorporate at | east

' - trating 15 elenents such that a passageway may be
formed fromthe blood vessel to the target. The systemnmay also
incorporate a guide wire dinensioned to be inserted into the passageway,
and introduci bl e through the catheter such that it nmay enter the passageway
and provi d&¥A%VIH83 20 to the target.  The system nay al BEI/USASAS483r at e t he
pl acenment of one or nore of the devices that are positionable or insertable
into the passageway over the guide wire, such as channel sizing and
mai nt enance neans or ot her devices f@/28conplishing a therapeutic or 25
di agnostic end-point. Also, the systens may include one or nore of the
vari ous bl ood vessel bl ocking neans such that a bl ood vessel in operative
association with an extravascul ar passageway of the present invention may
be bl ocked or occluded to allow the re-routing of blood. 30 Vi .
(peration of the Preferred Enboggngnts of the Passageway- Form ng Cat heter

and System Fi gur es12a-/42d_provi)de a step-by- p showi ng of the preferred
— ;&(9‘,:? . a he




ti_ssue-penetrating cat heter device and system 100p shown 35 in Figures
10-10c'''. FI gures I3a- I3t provide—a—step-—by-—siep. show ng of _the preferred
met hod of using the second enbodi nent of WO 97/ 13463

PCT/ US96/ 16483 -97- the preferred passageway-form ng catheter device and
system 100p' wod¥if3qgscf erence to Figure 12a-12d, an inmaging catheter 50 is
inserted into the lumen 722 of the side 5 car 720 such t hatPCHESYsHEES NY
sensor portion 52 of the catheter 50 is positioned adjacent w ndow 724.-1n
this manner, the conbination of the inaging catheter 50 with the
passageway-form ng cat heter device 10B8/23r s a "system' in accordance with
the present invention. Wth 10 the tissue-penetrating el enent 102
retracted into the lumen 704 of the flexible catheter body 700 such that

the distal tip O@{@&UE- penetrating element 102 is
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housed wi thin tubul ar reinforcement nmenber 701, the system conprising the

catheter apparatus 100p and inmaging 15 catheter 50 is inserted into the
vascul ature of a nmanmalian patient and advanced until the distal end of the
cat heter body 700 and distal end of the side car 720 are positioned wthin
a first blood vessel BV[err] |ocated adjacent a second bl ood vessel BV[err]
with the iWOEHLM6h of 20 fornming a passageway 10 bet weeRBCTA89616483t bl ood
vessel BV[err] and second bl ood vessel BV[err]. The catheter device 100p is
then rotated until the imaging field IF viewed by the inmagi ng catheter 50
through the wi ndow 724 clearly vi ew9/PB second blood 25 vessel BV[err]
into which the passageway 10 is to extend. This indicates that the catheter
devi ce 100t has been placed in the correct rotational orientation to allow
the tissue-penetrating 5\# ment 102 togf,ormthe passageway 10 at the desired
| ocation, such that it Wikl extend intqQ 30 the 'second bl ood vessel

BV[err]. Thereafter, [The actua ; ‘ maeed until the
distal tip of the tisste=—penet att to penetrate
through the wall of the st I




Optionally, intermttent or continuous distally directed 35 pressure may
j j ' ' |ly) or_hy a

pressure-exerting apparatus 800, WO 97/ 13463

PCT/ US96/ 16483 -98- as advancenent of the tissue-penetrating el ement 102
continues. Wth reference to Figure 12b, as soon as the distal tip of the
ti ssue- peneM™A¥H¥3el enent 102 energes into 5 the | unen ACHYN/E8HNnd

bl ood vessel BV[err], the guide wire GNw Il pronptly advance in the distal
direction, thereby signaling to the operator that the advancenent of the

ti ssue-penetrating nmenber 702 shoul di@f23ased. At that point, the operator
wi || discontinue further advancenment 10 of the actuator button 710.
Thereafter, the actuator button 710 will be retracted to its full proximnal

point so as tozeetragt the tissue-pghetrating ghegent~102 int he | unmen

702 of the __9\{;%" , e __"5’%;" ff\:’
: =l __//_,_,,;j
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cat heter body 700, while allowing the guide wwire GNto 15 remain extended
through the newl y-forned passageway .10 and inta the | umen-of-the-second

bl ood vessel BV[err]. As show in Figure 12c, the passageway-form ng

cat heter device | oop and acconpanyi ng inaging catheter 50 nay then be
extracted and renoved fromthe body, leaving 20 the guide wire GW

posi ti onewa#wisegh the first blood vessel BVerr], throutfiV¥§€1¢#3sageway
10 and into the second bl ood vessel BV[err]. As shown in Figure 12d, a
passageway nodi fyi ng apparatus 500, such as any of the types of passageway
25 nodifying apparatus 500 shown fArq/@3ure 8a-8h, nmay then be advanced
over the guide wire (B to nodify (e.g., enlarge, debulk, treat, coat, etc.)
t he passageway 10. It will be appreciated that, after the step shown in
Figure 12v has been conpleted, the guide w e GM/nay be 30 left in place

t hrough t he pa&sagsway-A0 to all ovwaﬁ?y desifPed ! ents, stent ed

grafts, or »ﬁaggagemay const L& ni ng app a}d% as shomn I n Figures
9a-9f to be depl oyed v ) |3a-13e illustrate a
st ep- by-step preferr ;
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35 nethod for utilizing the nodified enbodi ment of the passageway-form ng
nd systemloop shown in Figures 11a-11b.__ WD 97/13463
PCT/ US96/ 16483 -99- Initially, the desired inaging cat heter 50 is inserted
into the lunmen 722 of the side car 720 such that the inmaging catheter 50
and passagepd% form ng cat heter device 100p' will, in conbination, a
passagewayW ‘ﬁ@ 5 "systen. The passageway- form' ng PCTASIGI ey | oop
and acconpanyi ng i magi ng catheter 50 are then advanced into the vascul ature
to a point where the distal ends of the catheter body 700 and side car 720
are positioned within 10 a first bl@2¢@3vessel BV[err] immedi ately adjacent
a second bl ood vessel BV[err], between which a passageway 10 is to be
formed. The imging catheter 50 is then energized such that the sensor
portion 52 of the imaging catheter wll
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rece| ve an |mage W|th| n the |mage f|eId | F through window 15 724. The

. 5 s . s—second bIood_v_essel_-BML_err]
|nto WhICh t he passagevvay 10 is to extend i's cIearIy i maged by the inmaging
cat heter 50 through w ndow 724. This indicates that the correct
rotational orientation and position of the catheter 20 device |oop' has
been attai nedWO9uAM6t tional |y, the catheter device |oop' nEGI{HEIS/16483

| ongi tudinally noved until the desired flow characteristics are obser ved
wi thin the second bl ood vessel BV[err] in the image field IF, thereby

indi cating that the catheter device 10@/28in its 25 correct |ongitudinal
position. Additionally, the imging catheter 50 may be utilized to

determ ne the di stance between the first blood vessel BV[err] and second

bl ood vessel BV[err], so as to define the distance which the

ti ssue-penetrating ele l%shoul d be qgm?yed 83030~ foymthe desired
passageway 10 fromth od ssel/BV14o0 the set(m?l bhood vessel
BV[err]. As shown in Fi ¢ ure 13a af ter e cat heter I"ra\s been

| ongi tudi nal 'y and r ot atl? Et\l ng el enent
102f is deployed out OELF
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35 catheter body 700, and begins to advance through the wall of the first
hlood vessel BV[err] The outer sheath-326 0of the tissue penetrating-

el enent 102f will be in a slightly WO 97/ 13463

PCT/ US96/ 16483 -100- retracted position such that the trocar tip 324
extends out of the distal end of the sheath 326 to acconplish the desired
penetrati on WHPHBIM ti ssue. During the advancement of the PCT/US96/16483

ti ssue-penetrating 5 el enent 102f as shown in Figure 13a, nanual pressure
or pressure exerted by apparatus 800 may be utilized to apply distally
directed pressure to the sheath 326. 14/23i s manner, when the trocar tip
324 of the tissue- penetrating el enent 102f enters the lunen of the second
10 bl ood vessel BV[err], the sheath 326 will inmediately advance forwardly
into the lunen of the second bl ood vessel BV% t hereby signaling to the

operator that the desired passageway 10 h een formed and that any
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advancenment of the tissue-penetrating elenent 102f should 15 be ceased.

Fi gure 13b shows that, after the sheath 326 has advanced i nto-the | unen of
t he second bl ood vessel BV[err], the elongate trocar tipped nenber 322 may
be extracted and renoved, thereby |eaving the sheath 326 as a conduit 20

t hrough the passageway 10. As shown in Figure 13c, a guide wire GNnmay then
be passed t hr¥Q@m1¥6% | umen of the sheath 326 and into the EETFSAHMIBod.
vessel BV[err]. Thereafter, as shown in Figure 13d, passageway- 25 form ng
cat heter device 100p’ and acconpanyi ng i magi ng catheter 50 nmay be extracted
and renoved fromthe body, thereby |ealby@3the guide wire GNin place, and
extendi ng through the [unmen of the first blood vessel BV[err], through the
passageway 10 and into the second bl ood vessel BV[err]. 30

Thereafter, as shown in Figure 13e, any suitable type of

passageway- nodi fyi ng apparatus 500 may advanced over the pre-positioned
guide wire GWto eff t he deskfgagﬂb I#Tcation of the passageway 10. It
wi |l be appreciated Eﬁ t the invention has been 31
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35 descri bed hereabove with reference to certain specific enbodi nents and
ively descrihe all

possi bl e enbodi nents of the WO 97/ 13463

PCT/ US96/ 16483 -101- invention, or to provide exanples of each and every
way in which the invention may be practiced. |Indeed, those skilled in the
art will re®™QP3t hat various additions, deletions, nodiRGCREIA#83 and
alterations nay be nade to the above-descri bed enbodi nents and exanpl es

wi t hout departing fromthe intended spirit and scope of the invention.
Accordingly, it is intended that all1€/@8 additions, deletions,

nodi fi cations and alterations be included within the scope of the foll ow ng
cl ai ns. 102
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CLAIM5 1. A catheter device that is insertable into a blood vessel and
essel Ln . which the
catheter device is positioned and to a target |ocation, said catheter

devi ce conprising: an elongate catheter body that is positionable in the

bl ood vessel; a tissue penetrating elenent that is passable fromthe

cat heter bo¥P. 274§ an orientation el enent for deterni ni nFCAUSPEAISES ¢t he
rotational orientation of the catheter body to facilitate aimng of the

ti ssue penetrating el enent such that when the tissue-penetrating elenment is
passed fromthe catheter body it wili7§23trate through the wall of said

bl ood vessel to said target |location. 2. The device of Caim1 wherein
said first location is an outlet aperture forned in the catheter body and
said tissue penetrating elenment is passable out of said outlet aperture,
and wherein sai gL Zﬁenetrati ng el ement is adapted to bend in a first
direction as it pﬁgggg ut of said outlet aperture to th?{_égyﬁpenetrate t he
wal | of the bl ood vessel in which the catheter has beep~i rted. 3. The
device of Claim1l wherein said first |ocation is an_qti| et ag.gr%ure f or med

in the side wall of the catheter body, i\fﬁ({o enetrating
el enent, when pa 0 0 aid outle _ 1 JT-:E;”J ate_twdugh t he
V\al | Of the R ).0) () pC - Yo ne Lrmvarnm - ,,L_.,.A,_,,,, ,‘,_L:_!_Ih__-’_:; el ==A~ The

b di spdi/end of the
S after exiti ng

539

device of d 1 wherein said first |ocatiol
catheter, and wherein the tissue penetratings# eney
the first location so as to pass

“Tio Gy

d
G 5

LY O‘g’ﬁ




t hrough said bl ood vessel wall. 103 5. The device of Claim1l wherein

| | = | | er which-conprises: i)
a flexible proximal shaft having a distal end, and ii) a sharpened tip
menber formed of rigid material and nounted on the distal end of said
flexible proxinmal shaft. 6. The device of Claim1l1 wherein the tissue
penetrati ngWQ VBB conprises a resilient, pre-bent nenberPGRNIOHE4E
ti ssue-penetrating distal tip. 7. The device of Caim6 wherein the tissue
penetrating nmenber is forned of a material that is superelastic when
positioned within the patient's body1823 The device of daim7 wherein the
material is a nickel-titaniumalloy. 9. The device of Caim6 wherein the
resilient, pre-bent nenber has a hollow | unen extending |ongitudinally
t her et hrough. 10. The device of Claim6 wherein the resilient, pre-bent
“menber is a solid nenber. 11. The device of Claim1l wherein said
ti ssue-penetrating el ement congrises an_£Fongat&arenber that has a trocar
tip formed on the distal end tHer , in ination with a tubul ar sheath
that is disposed around said ¢ zf?;:@%nber ag{,'i s noveabl e | ongitudinally
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1 e

Frg. 98"

~ AT Gz bic’




sai d el ongate nmenber. 12. The device of Claim1l wherein sai_d

to emt energy that facilitates pen d tissue-penetrating

el ement through tissue. 104 13. a|n11§ &@ﬁ the
energy-emwoiongssstal tip is selected fronlthe group co Gi %ﬁ a

resi stance-heated tip; a nonopol ar el ectrocautery tip; a bipolar

el ectrocautery tip; a laser emtting tip; an ultrasound-emtting tip; and,
possi bl e conbi nations thereof 14. Th8/@3ice of claczgﬁrmhereln the tissue
penetrating el ement conprises an el ongate nenber a distal end and a
rotating tissue-severing apparatus associ ated fﬁﬁ¥?§gaT§}al end. 15. The
device of Caim1l1l wherein said tissue- penetrat g el enent conprlses a flow

of energy. \_3*.\_k,s\f‘r_\;,_\;wsnnn

ti ssue-penetrating el enent COHDLJSfﬁsﬁgaﬁ&gQgﬁﬁ RRber -
energy-emtting distal tip, said enm % Istal tip be| ng operative




16. The device of Caim1l5 wherein said flow of energy-is selected fromthe
-group—of—energy types—consistingof. |aser light; heat; ultrasound; and,
possi bl e conbi nations thereof. 17. Thd&h t 1 %%l 1 wherein the tissue
penetrating el ement conprises an el ongﬂ has a | unmen extendi ng
| ongi tudi nally therethrough, said |une able to a source of
negative pr¥9IM¥M6Io as to draw tissue into said | unen of RCFAISHE/4R8
penetrating el ement. 105 18. The device of Cdaim1l wherein said )

ti ssue-penetrating el enment conprises:. a pre-bent resilient, tubular sheath
havi ng an open distal end; and, an e £3e menber havi ng a shar pened
distal tip, said elongate nenber being disposed within said tubular sheath
and advanceabl e t heret hrough, such that the sharpened distal tip wll
energe out of the open distal end of the sheath; said el ongate nmenber being

constructed of terd whi ch,§4 6 sufficiently flexibleatd copform he
pre- bent conf rguf #t I‘?%L ofe tyréhz—ét'w ar sheath. Q_’_ 1?32/{
0 - L — 20




19. The device of Cdaim1l further conprising: a side housing to house

i i i i t_such.that 'rhe__i_ﬁ_agj_ng el enent nay he
utilized to observe the wall of the blood vessel in which the catheter body
is positioned relative to the target |ocation. 20. The device of Claim19
wherein the imaging device utilizes a formof energy to produce an inmage
and wher ei NnWOR3/1346de housing is formed of a material that BEI/RI6/M8Lt
partially inpernmeable to the energy utilized by the inaging device, and
wherein the side housing further conprises: a window formed in said side
housi ng, said energy being passabl e i2t@38h the window to pernit an imaging
el ement positioned within the housing to observe through the w ndow a
portion of the wall of the blood vessel in which the catheter body is
positioned relative to the target location. 21. The device of Caim 20
wherein the wwndow is aligned with the direction in which the

tissue-penetrating elenment will pass fromthe catheter body. 106 22. The
device of Caiml1l wherein the tissue penetrating el enent conprises an
el ogat e nenber di sposed wthin | umen forned in }he cat heter body, said

cat heter body being fo _gE?ﬁJf i exi bl e plasgkﬁ;naterial, and wherein a
rigid tubular reinforcenent nenber is dispogé
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about a portion of said lunmen to prevent the tissue-penetrating el enent
from penetrating—into-t-he-plastic—-rpt-ertal—of—the—cat het er bodywhen-the

ti ssue-penetrating elenment is retracted into the catheter body. 23. The
device of Caiml wherein said tissue penetrating el ement conprises an

el ongate nmenber and wherein the catheter device further con‘%rri ses: a

handpi ece m¥RPHP46h t he proxi mal end of said catheter bodPCTAAP6HINdDi ece
"having an actuator that is noveable to a first position to advance said

ti ssue penetrating nenber out of said catheter body and retractable to a
second position to retract said tissu22p@@etrating menber into the catheter
body. 24. A catheter device according aim1 further conprising: an

i magi ng apparatus which is usable in conjunction with the orientation
elenment to facilitate aimng of the tissue penetrating el enent such that
the tissue penetrating elenent will penetrate to the target |ocation. 25.
The- devi ce of Claim 24 wherein said imagi ng appar at uszi'/s' sel ected fromthe
group consisting of: ultrasonic inmagi ng appar at us,—-Dappl.er i magi ng

appar at us; radi ogr aptjzgz?gk&appar at us; rragnet\:r-'c. resonance i magi ng

apparatus; el ectromagnet++C | magi ngs : et - rgv nations
t her eof . g 2
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107 26. The device of Claim25 wherein said imagi ng apparatus i s an inmagi ng
catheter 27 __The deVi cowefmChaim-26—fti-her—eomprisi ng a si i

| ocated on at least a distal portion of the flexible catheter body, said

I magi ng cat heter being received within said side housing during operation
of the catheter device such that the inmaging catheter may be utilized to
observe theW@$¥13863 t he bl ood vessel in which the cat het er FEHURNEs83 oned
relative to said target |ocation. 28. Catheter device that is positionable
in a blood vessel and useable to penetrate through the wall of the bl ood
vessel in which that catheter device 28/@&itioned and to a target

| ocation, said catheter device conprising: a flexible catheter body having
a proximal end and a distal end; a tissue-penetratinggtgHent; an
orientation elenment for determning at |east the rotatiepal orientation of
the catheter body; an inmaging apparatus that is ugeable-in cenjunction wth
the-orientation elenent to facilitate aimng of the tissue penetrating

el ement such that the_tissue penet s Ergsshereht=—rnttweaeh=tdte target
| ocation; and, a heﬁ’i@@: Wb&ed op at least a distal porti/on ofRghe
catheter body to house the imagjng . 224
)tfl’ : SRR . /,’L —
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. : — 48024326 IT65
appar at us; V\herel n apparatus utilizes a formof energy to
produce an |mm‘iummwm he side housing is formed of a material that
is at |east ble to the energy utilized bythe| Agl.0g-
apparat us such t hat the portlon of the housing-t -'% SN { 8G he

: . ) br s REP Wﬂ 4PN & pagede.
i magLn ;-'- Hﬁﬁfﬂaser\&ﬁthe wal | of teﬂbD%BPV%%s%T hg |§§bauaa
et RgseidRtigncepaged posie pawead. relfatiye2to tih & CHigey | 0B 1,0 10N 1o pagkd8..29
The[‘aé?ﬂﬂlééS)of Qaged. 28 WBEEEHT sdi d cat het dr DUBvae8sis * Forquea & gceldct hat

sai | d@nahetgéo dﬂged:e TRy @ed\'}aiul"t i onal Iy rdt 41 edswarti | PRES 1RG! KRG cat hel er

_________________ t said wi ndow, therq{mq@nsurl n
e Wgr ' afhia@RabFPRECEIRN. -4

ctiron of said target

| ocation. 30. The device of Claim24 wherein the tissue-penetrating el ement

conpri sés oh catheterdevicatbatie insertablenigtapaibloed wessel and wseabletopetiétrage

card quitmaieh e Al pEpe R veiE a0, 0% el direis dPbrtR Wi doBoen

advanceﬁréem&ﬁhgn %ﬁﬁ%ﬁﬁh&&ﬁ%&ﬂ&nﬁs ystem further conprising: an

el ongate Tlexible guide wre t assabl e through said guide wire Iurren
of said an elongate catheter body that is positionable in the blood vessel;

a tissue penetrating element that is passable from the catheter body; and,
an orientation element for determining at least the rotational orientation of the catheter
body to facilitate aiming of the tissue penetrating element such that when the
. tissue-penetrating element is passed from the catheter body it will penetrate through the wall

of said blood vessel to said target location.

2.  The device of Claim 1 wherein said first location is an outlet aperture formed in the
catheter body and said tissue penetrating element is passable out of said outlet aperture, and
wherein said tissue-penetrating element is adapted to bend in a first direction as it passes out
of said outlet aperture to thereby penetrate the wall of the blood vessel in which the catheter
has been inserted.

3.  The device of Claim 1 wherein said first location is an outlet aperture formed in the
side wall of the catheter body, and wherein said tissue-penetrating element, when passed out
of said outlet aperture will penetrate through the wall of the blood vessel in which the

catheter is positioned.

4.  The device of Claim 1 wherein said first location is the distal end of the catheter, and
wherein the tissue penetrating element curves after exiting the first location so as to pass

through said blood vessel wall.




ti ssue-penetrating elenent. 31. A longitudinal conpression apparatus
useable to longitudinally conpress tissue that surrounds_openings forned in
first and second tubul ar anatom cal conduits having | unens, wherein said

first and second tubul ar anatom cal condui ts;amllmmlﬂm&mmﬂuacent one
anot her such that said openings are in alignme sai d

| ongi t udi nal conpressi on apparatus conprising: & ffrst portlon posi tionabl e
in abutnment with the | urrenal surface1 the first tubular anatom cal

bt et witth COPEE P A P OB R B3 sl SOl B SRR HenleP L1

sur r ounshiélgcdniyisepeni ng forned therein; neans for connecting said first and
second portions to each other, so as to longitudinally conpress the tissue

which ¢ rro@rﬂ%lblmomag&mmmaﬁg&akﬁndtﬂdfl rst and second anatoni cal

The | or ¢ ucho AP Peeb O P el Rt G B fiiliend pf r oy o

second spRIr fEEI8 proXiAll mannul ar merrbers t hat are posi tionabl e in abutnent
with said Iurrenal surfaces. 33. The |ongitudinal conpression apparatus of
Claim 31 wherein first and second portions

6.  The device of Claim 1 wherein the tissue penetrating element comprises a resilient,

pre-bent member having a tissue-penetrating distal tip.

7. The device of Claim 6 wherein the tissue penetrating member is formed of a material

that is superelastic when positioned within the patient’s body.
8.  The device of Claim 7 wherein the material is a nickel-titanium alloy.

9.  The device of Claim 6 wherein the resilient, pre-bent member has a hollow lumen
extending longitudinally therethrough.

10.  The device of Claim 6 wherein the resilient, pre-bent member is a solid member.

11. The device of Claim 1 wherein said tissue-penetrating element comprises an elongate
member that has a trocar tip formed on the distal end thereof, in combination with a tubular
sheath that is disposed around said elongate member and is moveable longitudinally relative to
said elongate member.

12. The device of Claim 1 wherein said tissue-penetrating element comprises an elongate
member having an energy-emitting distal tip, said energy-emitting distal tip being operative to
emit energy that facilitates penetration of said tissue-penetrating element through tissue.

irmwmsmﬁﬁﬁ SHEET |
13 JUL D9 1




. conprise opposite ends of elongate wire nmenbers formed in a cylindrical
array and extending through said first and second openi ngs, said opposite
ends of said wire menbers being outwardly bent so as to abut -agai nst and

engage the lunenal surfaces of said first and seco om cal conduits.
34. The I ongitudinal conpression apparatus of O ai ﬂﬂ , ME wre
i thin

nmenbers are pre-bent resilient wire nenbers that,
said first and second openi ngs and rel1®ved of external constrefl nt, wll
assunme said bent configuration. 35. The |ongitudinal conpression apparatus
of Caim33 wherein said wire nenbers are plastically deformable, and

wher ei ni%ai Theddeviceof OldiinNey whasihthe afrgy-ahicthpidigalaipss séloded 86 the sfdup S

operative to bend the opposite ends of sald wre nmenbers after sard wire
nermber sCoistingetn positioned within said first and second openings. 36. A
cat heter deyi] le into a bl ood vessel and useable to penetrate

t hrough t he® (/?ig‘?ﬁah ﬁeg}ceé)gaod vessel in which the catheter device is

posi tioned pmendpbld deti@Biutb9@pt i on, said catheter device conprising: a
fl exi bl e catheter body having a prOX|naI end and a distal end; an el ongate

tissue penetblaolangemmersp@gsabl e out of a first location on the catheter
body, said t ssue., & $trat| ng nenber having a guidewire | umen which extends
therethrougq‘laf%eﬁg Pa guidewire to be advanced through said tissue

penet rat i NG RIFRR und-emitting tip; and,

possible combinations thereof.

14.  The device of claim 1 wherein the tissue penetrating element comprises an elongate
member having a distal end and a rotating tissue-severing apparatus associated with its distal

end.

15. The device of Claim 1 wherein said tissue-penetrating element comprises a flow of

energy.

16. The device of Claim 15 wherein said flow of energy is selected from the group of energy
types consisting of;

laser light;

heat;

ultrasound; and,

possible combinations thereof.

17. The device of Claim 1 wherein the tissue penetrating element comprises aﬁﬂ\elongate A
member that has a lumen extending longitudinally therethrough, said lumen being connectable to
~ a source of negative pressure so as to draw tissue into said lumen of the tissue penetrating

element.
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110 37. A systemconprising the catheter device of Caim36 in conbination
with: a guidewire that is passable through the guidewire |unmen of the

ti ssue penetrating nenber. 38. The device of Claim36 wherein said first

|l ocation is an outlet aperture fornmed in the catheter body and said tissue
penetrating elenment is passable out of said outlet aperture, and wherein
said tissue-penetrating elenent is adapted to bend i-n-a-first. direction as
it passes out of said outlet aperture to thereby div e laterally from
sai d catheter body. 39. The device of C aim 36 wher ﬁ Immu”umm)catlon
Is an outlet aperture fornmed in the side wall of th and
wherein said tissue-penetrating el enent, when passed out dai & oltl et
aperture located in the side wall of said catheter body w II penetrate

t hrough the wall of the blood vessel iMi5o which the catheter has been

I nserted. 40. The device of Claim36 wherein said tissue penetrating nenber

conprises: i) a flexible nmenber havi ng a sharp di stal tip; and, ii) a
pre- benjg b ' le menber to
cause stal d l?ée‘;(l e(ﬁgrla eli@t |n a?‘qr st d| rect |cén%§lé% The devi ce of

C ai m 36 wheperbensrsitleit] ftibular slmaﬁtlmingrm openridistal eadyandses: i) a flexible
pr oxi mal shaft having a distal end, and ii) a ,sharpened distal portion

formed of rétylongeta member haviag sobamened disteliip, gaid p@pg%tn degtbes heing disposed| e
pr oxi rralmtﬁj’;'lasafd tugiﬁar shdSh SX ﬁ?&n%ab%ét@l@guéw 'saﬁc?l'tﬂaﬁﬁé gxa;ﬂeﬁgt'lj Gistif 98 Wit i ng

el ement conprises g
emerge out of the open dlstal end of the sheath;

said elongate member being constructed of material which is sufficiently flexible to
conform to the pre-bent configuration of the tubular sheath.

19. The device of Claim 1 further comprising:
a side housing to house therewithin an imaging element such that the imaging element may
be utilized to observe the wall of the blood vessel in which the catheter body is positioned

relative to the target location.

20. The device of Claim 19 wherein the imaging device utilizes a form of energy to produce
an image and wherein the side housing is formed of a material that is at least partially
impermeable to the energy utilized by the imaging device, and wherein the side housing further
comprises:

a window formed in said side housing, said energy being passable through the window to
permit an imaging element positioned within the housing to observe through the window a
portion of the wall of the blood vessel in which the catheter body is positioned relative to the

target location.

21. The device of Claim 20 wherein the window is aligned with the direction in which the
tissue-penetrating element will pass from the catheter body.




pre-bent nmenber having a sharpened distal tip. 111 43. The device of
Claim42 wherein said needle is formed of a material _that is superelastic
when positioned within the mammal i an body. 44. The device of "Caim42 .

wherein said super elastic material is a nickel-titani I . The
device of Claim42 wherein said pre-bent resilient mmﬂilyﬁmn%#w
needl e having a hol |l ow | unmen ext endi ngelwléongi tudinally there a8, The
device of Claim42 wherein said pre-b resilient nmenber is a solid

needl e. 47. The device of Claim 36 wherein said tissue penetrating el enent
conprises an el ongate nmenber having a trocar tip fornmed on the distal end
t her eof 22.i rTteaievice af Cleim VW wheréinthidtidsas paierating dempasetspasiaunticatel needl e
menber and_ | ongitudinally noveable relative to said needl e nenber. 48. The

devi ce Bembergisnossl withingi lwmen formed insthe cptbater bedy, said exthetenbodydieing formeds ai d
| t i -emitti istal tip f d.t : i d
oner oy~ 85 TG AR Hrkeffl RELAREE Raieid Pl oo Ppberd dipaet; °°
faci | it gt RpBRIonfisaid htherbR plevent HiéQisRAPFineAhtinRlGhI B pdheRhii} thicSSue.
49. The device of Claim 36 wherein the energy-emtting distal tip on said
t i ssue- thenplastigtmateriad o€ thercatheter bed e whenithertissuer enetgatingelepfient isaregyetedrinta i ng

appar at 4 CONSY B840 ©f

23. The device of Claim 1 wherein said tissue penetrating element comprises an elongate

member and wherein the catheter device further comprises:

a handpiece mounted on the proximal end of said catheter body, said handpiece having an
actuator that is moveable to a first position to advag_ce said tissue penetrating member out of
: £ O8I 1nn o :
said catheter body and retractable to a second diréttiQn to retract said tissue-penetrating .

member into the catheter body.

24. A catheter device according Claim 1 further comprising:

an imaging apparatus which is usable in conjunction with the orientation element to
facilitate aiming of the tissue penetrating element such that the tissue penetrating element will
penetrate to the target location.

25. The device of Claim 24 wherein said imaging apparatus is selected from the group

consisting of:
ultrasonic imaging apparatus;
Doppler imaging apparatus; | REP LﬁCE?-}iE!_\lT f
radiographic imaging apparatus; a3 JuL B
magnetic resonance imaging apparatus; ——

electromagnetic imaging apparatus; and,

possible combinations thereof.

This Sheet Has Been Reﬁlaced
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a resistance-heated tip; a nonopol ar el ectrocautery tip; a bipolar

el ectrocautery tip; a laser emtting tip; an ultrasound-emtting tip; and,
possi bl e conbi nati ons t hereof 112 50. The device of O aim 36 wherein the
ti ssue penetrating nenber conprises a rotating tissue severing appar at us.

Compr 1 o5 said ¢l ongat o rerber 1 conpupat o wh a il oo ANHEEAEFER R0
i nentler " ns

emttable fromsaid el ongate nenber assi st said el ongat é *

penetrating through tissue. 52. The device of Caimb51 wherein said flow of
energy is selected fromthe group of energy types consisting of: |aser
| i ght ; 26eaThe déviceasfaClaity 2 hwtereinosaid iiaging apparatat iscansmapieg eatheter.

27. The device of Claim 26 further comprising a side housing located on at least a distal
portion of the flexible catheter body, said imaging catheter being received within said side
housing during operation of the catheter device such that the imaging catheter may be utilized to
observe the wall of the blood vessel in which the catheter is positioned relative to said target

focation.

28. Catheter device that is positionable in a blood vessel and useable to penetrate through the
wall of the blood vessel in which that catheter device is positioned and to a target location, said
catheter device comprising:

a flexible catheter body having a proximal end and a distal end;

a tissue-penetrating element;

an orientation element for determining at least the rotational orientation of the catheter
body;

an imaging apparatus that is useable in conjunction with the orientation element to
facilitate aiming of the tissue penetrating element such that the tissue penetrating element will
reach the target location; and,

a housing located on at least a distal portion of the catheter body to house the imaging
apparatus;

wherein the imaging apparatus utilizes a form of energy tg produce an image and wherein
the side housing is formed of a material that is at least partially;)\mpem?!@ble to the energy ~ L
utilized by the imaging apparatus such that the portion of the housing that is p le to the

N~

energy utilized by the imaging apparatus forms a window to permit the é(unagmg apparatus to X
observe the wall of the blood vessel in which the catheter device is positioned relative to the

target location.
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53. The device of Claim36 wherein said tissue-penetration elenent has a
| umen extendi ng |longitudinally therethrough, said | umen being connectable
to a source of negative pressure so as to draw tissue into said |unmen of

the tissue penetrating element. 54. The device of C aim 36 wherein'the

ti ssue penetrating el enment conprises: a pre-bent re5|I|ent th
havi ng a | unmen extendi ng therethrough and term nati ng MM\ “nmr
end; and, said tissue penetrating nenber being di spose umen of
sai d tubul ar sheath and advanceabl e thf%ehrough such t at the distal tip
of said tissue penetrating nmenber will rge out of the open distal end of
the sheath; said tissue penetrating nmenber being constructed of materi al
which is sufficiently flexible to conformto the pre-bent configuration of
t he t ub29.ar Thhdevide.of Claifhl2B whereifilseidcdathictee deﬁcﬁsabm[u%lef such kieat sgid emhéter Ng:  a

si de hoysi,ng Iocated on at | east di st al rti f the flexible catheter
body, sSfvdcemaEbewlitionallyrotat wﬂ?hegmagagtca bgmtol%r hedargshleatians such

Chat < e 08 L HiShy S iR e GRS 0, Sty Bl 0! 0

penet r aposigorTesrbatise passagddfthe tifsuedpefietfating elehratini thediesetivh of sdid tagetcat het er

body, said tissue penetrating nenber having a guidew re |unen which extends
location.

30. The device of Claim 24 wherein the tissue-penetrating element comprises an elongate
member having guide wire lumen extending longitudinally therethrough such that a guide wire
may be advanced through said guide wire lumen after the tissue penetrating element has been
advanced to said target location said system ﬂ_ﬂfrther comprising:

an elongate flexible guide wire that is péssable through said guide wire lumen of said

tissue-penetrating element.

31. A longitudinal compression apparatus useable to longitudinally compress tissue that
surrounds openings formed in first and second tubular anatomical conduits having lumens,
wherein said first and second tubular anatomical conduits are positioned adjacent one another
such that said openings are in alignment with one another, said longitudinal compression

apparatus comprising:

a first portion positionable in abutment with the lumenal surface of the first tubular
anatomical conduit surrounding the opening therein;

a second portion positionable in abutment with the lumenal surface of the second tubular
anatomical conduit surrounding the opening formed therein;fmeans for connecting said first
and second portions to each other, so as to longitudinally compress the tissue which
surrounds the aligned openings of the first and second anatomical conduits and any

extravascular tissue interposed therebetween.

"‘“‘sﬁ’iiﬂ‘f‘i‘iifﬁﬁi"umn

A3 JuL 1999




_ therethrough to permt a guidewre to be advanced through said tissue
penetrating nmenber. 56. The device of C aim55 wherein said side housing
is formed of a material through which the inmagi ng apparatus can not receive
an i mage and wherein the side housing further conprises: a wi ndow forned in
said housing to permt said inmagi ng apparatus to sel ect+vely i-mage-an area
that is in alignment with the window. 57. The device of Claim E{ﬁ“ei n

) sl mage

said window is |ocated and configured to pernit the lmmm’
housed wi thin said side housing to receive, through

of the region into which the tissue penetrating menber wi | | pass when the
ti ssue penetrating nenber is advanced fig®m sai d cat heter body. 58. The
device of Caim36 further conprising: at_|east one reinforcenent nenber

| ocz;]lt ed ¥o phe.ergitudinal cpEpirssipr Mppratusnef frarpadl wheerin paid Srst and prgondht ﬁ t he
cat het o oRRRS bighsd tulek SRAGRRIRRILE b AbrabE R Mookl MR B iy 10

nount ed sgiadebe proxi mal end of said catheter body, said handpi ece having an

actuator that is connected to said tissue-penetrating elenent, said
actuator button being noveable to a first position to cause said

ti ssue-penetyatin er to advance. ou f. the cat.heter hod nd .
retract §§I e ’f}f? lgnég’ggﬁgcmﬁsf%‘rﬁppﬁmp’éto&ﬁ?mtﬂew ‘?@2?&%&&&?‘%&3@9&1% nber
i nto t hechigireoppodi@@ids of elongate wire members formed in a cylindrical array and extending
through said first and second openings, said opposite ends of said wire members being
outwardly bent so as to abut against and engage the lumenal surfaces of said first and second

anatomical conduits.

34. The longitudinal compression apparatus of Claim 33 wherein said wire members are
pre-bent resilient wire members that, when positionzd within said first and second openings

and relieved of external constraint, will assume said pent configuration.

35. The longitudinal compression apparatus of Claim 33 wherein said wire members are
plastically deformable, and wherein said device further comprises a presmrséxerting tool
which is operative to bend the opposite ends of said wire members after said wire members

have been positioned within said first and second openings. |

36. A catheter device insertable into a blood vessel and useable to penetrate through the wall

of a blood vessel in which the catheter device is positioned and to a target location, said

catheter device comprising:
a flexible catheter body having a proximal end anzd a distal end;
i At - oS
an elongate tissue penetrating|passable out of a ﬁrsft location on the'qn the catheter body,
\ A

said tissue penetrating member having a guidewire lumen which extends therethrough to permit

a guidewire to be advanced through said tissue penetrating member.
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114 60. The device of Claim36 further conprising: orientation el enent
useable for determning at least the rotational orientation of the catheter
body to facilitate aimng of the tissue penetrating nenber such that
subsequent passage of the tissue-penetrating nenber from ﬂﬂmﬂm E'Iﬂﬂm
w || cause the tissue penetrating nmenber to penetrate to m
location. 61. A system which conprises a catheter device of Cfaimaeb *
wherein said orientation nmeans is a marker forned on the catheter body,
further in conbination with: an imagi ngigapparatus which is usable to

concurrently image said marker to facilitate aimng of the tissue
penetrating nenber prior to passage of the tissue penetrating member from

the cathete bod . 62...Th tem of, cl erei.n sal d | rragl ng
appar at E’g ié comgrising e&?’é‘ﬁ‘ﬁ"%?ﬁ‘#ﬁéﬁ%ﬁ&' I’lSI sting of:
ultrasonic 4 Wﬁﬁ?ﬁéﬁéﬁﬁmﬁ% E&%‘&Qmﬁapéftﬁéﬁsue AginhgPhi ¢

i magi ng appara magneti c reson nce magl ng apparatus; el ectrorfagnetic
I magi ngmemper. at us; and, possi bl e conbinations thereof.

t

38. The device of Claim 36 wherein said first location is an outlet aperture formed in the
catheter body and said tissue penetrating element is passable out of said outlet aperture, and
wherein said tissue-penetrating element is adapted to bend in a first direction as it passes out of

said outlet aperture to thereby diverge laterally from said catheter body.

39. The device of Claim 36 wherein said first location is an outlet aperture formed in the side
wall of the catheter body, and wherein said tissue-penetrating element, when passed out of said
outlet aperture located in the side wall of said catheter body will penetrate through the wall of

the blood vessel into which the catheter has been inserted.

40. The device of Claim 36 wherein said tissue penetrating member comprises:
i) a flexible member having a sharp distal tip; and,
i) a pre-bent resilient spine member associated with said flexible member to cause said\]

flexible member to bend in a first direction.

41. The device of Claim 36 wherein said tissue-penetrating member comprises:

i) a flexible proximal shaft having a distal end, and
ii) a sharpened distal portion formed of rigid material and mounted on the distal end of said
flexible proximal shaft.

42. The device of Calim 36 wherein said tissue-penetrating element comprises a resilient,

pre-bent member having a sharpened distal tip.
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63. The systemof Claim61l wherein said i maging apparatus_is |ocated on an
I mgi ng catheter which is separate fromsaid catheter. 64. The system of
Cl ai m 63 wherein the passageway form ng cat heter device ' I ri,Ses:
a side housing associated with a distal portion of the H m”me'mﬁgaﬂggf
body, said side housing being configured to receive the 1negi ng ea
therewithin, such that the inmaging catq ter may be utilized to observe a
portion of the wall of the bl ood vessditlin which the catheter body is

posi ti d | Rt : . | . Ly 64
Wher ef 1 Sai ey R CRI A% RFAA it REhe 8 Romi of MG VAT o R

par t i alwiyen positionediiwithintthe imamneafian bydwti | i zed by the inaging catheter, and
wherein said side housing further conprises: a windowto permt said

I magi ng catheter to observe, through said wi ndow, a portion of the wall of

tar get Tocah anicbBr e yipef bif e B ooRE: | WERASUERA JNE 1 o/

catheter device is torqueable such that said catheter device may be
voIitionalbﬁ‘rotated until the imaging catheter is able to view the target

area t Mudthedsvige of Gliw42twheran yaid pradbanh tesilient memberfis & bellawaeadlon on the
cathet ¢ RO il b 8RS Fngh il WiBbiteoug.

46. The device of Claim 42 wherein said pre-bent resilient member is a solid needle.

47. The device of Claim 36 wherein said tissijgnetrating element comprises an
elongate member having a trocar tip formed on the distal end thereof, in combination with a
tubular sheath disposed around said needle member and longitudinally moveable relative to said
needle member.

48. The device of Claim 36 wherein said tissugpenetrating element comprises said
elongate member having an energy-emitting distal tip formed thereon, said energy-emitting
distal tip being operative to emit energy which will facilitate penetration of said

tissue-penetrating element through tissue.

49. The device of Claim 36 wherein the energy-emitting distal tip on said tissue-penetrating
element is selected from the group of energy-emitting apparatus consisting of:
a resistance-heated tip;

a monopolar electrocautery tip;

a bipolar electrocautery tip; REPLACEMENT QHEET
a laser emitting tip; 1
an ultrasound-emitting tip; and, A3 JUL 199[—}:
possible combinations thereof. B

This Sheet Has Been Tilaced

i



position prior to passage of the tissue-penetrating el enment out of the
first location on said catheter body. 67. The system of C aim60
wherein said orientation elenent is selected fromthe group censi.sting. of
at | east one marker which is radiographically visible; af, |l east one marker
which is visible by ultrasound; at |east one magnet; andU,MLmﬂm'mmn

wi ndow whi ch is selectively perneabl e @é a type of ener gy J ”m

i magi ng. 68. A new catheter device actdrding to Claim1 further ™ s *
conprising: a fluid lumen which extends through said catheter body; at

| east one fluid outlet aperture through which fluid may flow from said
fluid | erlhiertevice o€ Oldimdé whegeinlthd tissudperietrating membertcompirisespomitatingrtidsye and,
a ballon formed on the catheter body to tenmporarily block flow through the
bl ood vEYERIE IMPAUHHTh the catheter is positioned, at a site proxinmal to
said at |east one fluid outlet aperture. 69. A catheter device according
to daim36 further conprising: a fluid | umen which extends through said
cat het ef1.bdEhe; device of Claim 36 wherein said tissue penetrating element comprises said

elongate member in combination with a flow of energy emittable from said elongate member to
assist said elongate member in penetrating through tissue.
5
52. The device of Claim B3&wherein said flow of energy is selected from the group of energy

types consisting of:
laser light; - QRE! r |
b - SEPLAGEMENT SHEET
eat; .
ultrasound; and, V{\3 JUL 999
possible combinations thereof. | -

53. The device of Claim 36 wherein said tissue-penetration element has a lumen extending
longitudinally therethrough, said lumen being connectable to a source of negative pressure 5o as

to draw tissue into said lumen of the tissue penetrating element. gomprises an elongate memb\<

~—

54. The device of Claim 36 wherein the tissue penetrating element comprises:

a pre-bent resilient, tubular sheath having a lumen extending therethrough and terminating
in an open distal end; and,

said tissue penetrating member being disposed within the lumen of said tubular sheath and
advanceable therethrough, such that the distal tip of said tissue penetrating member will emerge
out of the open distal end of the sheath;

said tissue penetrating member being constructed of material which is sufficiently [plié)'JHK
flexible to conform to the pre-bent configuration of the tubular sheath.

i



at |east one fluid outlet aperture through which fluid may flow from said

" fluid lumen into the bl ood vessel in which the catheter i5 postti-oned; and
a balloon formed on the catheter body to tenporarily bloc ow t hrough the

bl ood vessel in which the catheter is positioned, at a si?g Iﬂmlm!w,

said at |east one fluid outlet aperturil370. A cat heter 1 WN"I

to Claiml1l further co ,risig{g: a bal I,Qor] which is inflatable to stdbilsize
the cat Ret el hedeigeotislain, 36 further, cOBRHMAS at i ng el ement i s passed t herefrom

117 71. . | r.oi: : ' Sl r:5i.ng a

bal | oon whi ?ﬁﬁ??ﬁﬁﬁ&% Ig?%{i gﬁtag&gﬁaagql%}?lzé&?@eg%%{% ﬁg’f‘{é@ cg@g{eg g&gg s@ﬁé‘@i ssue
penet r athognEbeinge confighrddas hodsd aﬁmgmgr@pirams suchAthsith Ghflingdfppafusbmepr di ng
to Claim1 further conprising: a deflection nmenber for deflecting said

tis?]ue jpe g&drf@tqbﬁgve thealt o ebiOOQa@sS@:csindzllrl;clbﬂlem@ef@abwiépozi@'??ed; 73. A
o °For W BEngF Akl Hon el Rt el Gl B REREIGRRASH o B Lo o

t he cat kgfhefer BOEY said tissue penetrating member having a guidewire lumen which extends

therethrough to permit a guidewire to be advanced through said tissue penetrating member.

56.  The device of Claim 55 wherein said side housing is formed of a material through which
the imaging apparatus can not receive an image and wherein the side housing further comprises:
a window formed in said housing to permit said imaging apparatus to selectively image an

area that is in alignment with the window.

57. The device of Claim 56 wherein said window is located and configured to permit the
imaging apparatus housed within said side housing to receive, through said window, an image
of the region into which the tissue penetrating member will pass when the tissue penetrating
member is advanced from said catheter body.
~
58. The device of Claim 36 further compgsing:
at least one reinforcement member located to prevent the tissue-penetrating ™~
member from penetrating into the catheter body when the tissue-penetrating
element is retracted into the catheter body.

59. The device of Claim 36 further comprising:

a handpiece mounted on the proximal end of said catheter body, said handpiece
having an actuator that is connected to said tissue-penetrating element, said
actuator button being moveable to a first position to cause said tissue-penetrating
member to advance out of the catheter body and retractable to a second position to
retract the tissue penetrating mem%ber into the catheter body.
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74. The device of Caim28 wherein said windowis aligned with the
direction in which said tissue-penetrating el ement will M""The

device of Caim28 wherein said imaging apparatus is selec “\“\
group consisting of: ultrasonic inmagi ng apparatus; Doppler m [‘ !““ m
appar atus; radiographic inmagi ng apparatus; nmagnet i C reson d magi ng °

appar atus; el ectromagnetic i magi n%é%\pl)ﬁar atus; and, possible conbinations
thereof. 76. The device of CI aim erein said imaging apparatus is an

| magi ng 6;at-j§?t ice of rtﬁbr ?TE) RE: device that is insertable into the
| uren o? ‘a bl ood vesse usea I n~conjunction with an inmagi ng

appar at us bimemﬂimtdlmem txkerabh@br dhrermining aleadt ke robdtionsl oriaksibnand to a
target | ocat1 i on b sai d deV| ce conprising: a flexible catheter body having a

di stal ¥Ech et to Bciiiiaty amingafithe tispe penetratiog wewber sueh that ;

subsequent passage of the tissue-penetrating member from the catheter body will

cause the tissue penetrating member to penetrate to said target location.

61. A system which comprises a catheter device of Claim 60 wherein said
onentatlon D)
Qmea.ns is a marker formed on the catheter body, further in combination with: N
an imaging apparatus which is usable to concurrently image said marker to
facilitate aiming of the tissue penetrating mekmber prior to passage of the tiésue

penetrating member from the catheter body.

62. The system of claim 61 wherein said imaging apparatus is selected from the
group of imaging apparatus consisting of’

P cor——————.,
SR e

Rﬁm (1% m\x fr Qf:}—.ﬁﬁ
ultrasonic imaging apparatus, ey
Doppler imaging apparatus; 33 JUL 59
radiographic imaging apparatus; a—
magunetic resonance imaging apparatus; ‘W

electromagnetic imaging apparatus; and,

possible combinations thereof.

63. The system of Claim 61 wherein said imaging apparatus is located on an

catheter which is separate from said catheter.

(
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_an elongate, tissue penetrating nenber having a distal end, said tissue
penetrating nenber being initially disposed in a retracted position-ane--
subsequent |y advanceabl e to an extended position wherein it extends
substantially laterally fromsaid catheter body; at |east m‘“]m“ “t\!‘\
mar ker positioned on the catheter bbdy and useable in conjm‘l“\ d
i magi ng apparatus to provide an indication of the direction i whi ch the
ti ssue penetrating nenber will extend as it advances fromthe catheter
body. 78. The device of Claim77 wherein said tissue-penetrating nenber is
adapted to bend in a first direction as it passes fromsaid catheter body
to ther 88y pheersten ef Clain @3 wherdin thegassagowea: cathetesrdeytcet he cat heter has
been in rﬁ ed. 79. The device of Caim77 erein said catheter includes an
out | et ﬁ%e’?l}e formed in the side wall thereof, and wherein said
tissuetp,gﬁ\?ﬁg@gi ng nenber, when passed out of said outlet aperture wll
penetrate through the wall of the blood vessel in which the catheter is -
posi ti oned. a8ide hohsingiassodiated witdl andistalioriidreofiha flexible cathetenboghgnet r at i ng

menber conprj ses .an el on e needl e, haying a sharp djstal_ ti nd a
pr e- be ntsalaggi_eﬁ‘f’léﬂ{‘g being, 'ﬁité?ﬁgrtoﬁf)%q‘fei ?.E%ﬂ%@ﬁ%ﬁbﬁ%?%& ne nember
bei ng 0 dhd agin® MRS oy 'td uBILNAR s HSEE pBrtich JFEwhiNofthbi TSt di rection.
blood vessel in which the catheter body is positioned relative to the target location.
8
65. The system of Claim 64 wherein said side housing formed of a material which
4

is at least .
D

¢ partially ?{d permeable to the energy utilized by the imaging catheter, and wherein

said side ho:sing further comprises:
a window to permit said imaging catheter to observe, through said window, a
portion of the wall of the blood vessel in which the catheter body is positioned
relative to the target location.
~

66. The system of Claim 65 wherein said passagewayforming catheter device is ~

forueable
¢ such that said catheter device may be volitionally rotated until the imaging catheter

is able to view the target area through said window, thereby ensuring that the first
location on the catheter body is in the correct rotational position prior to passage of

the tissue-penetrating element out of the first location on said catheter body.
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119 81. The device of Claim77 wherein said tissue-penetrating nmenber is an

" el ongate nenber which conprises: i) a flexible proxinal-shaft having a

distal end, and ii) a sharpened tip nenber formed of rli!ii d material and
i

nmounted on the distal end of said flexible proxinal s% mﬂ“"@glﬂf"ﬂce
t,

of Claim77 wherein said tissue-pehiérating nmenber co
pre-bent nember having a sharp distal tip. 83. The device of 'O di msg82+
wherein said tissue penetrating nmenber is formed of a material which is

super el g5t | ¢ eldioet Cl o Mo \Gid GHEBloR A is SbcreltRoflevi ce of

Claim 83 wherein “saird super elastic nmateria ni ckel titanrum all oy.
85. Thethd@rowecakistthgofn 82 wherein said pre-bent resilient nmenber is a

hol | ow needl e havi ng a hol ] ow | unmen extéfndigg | ongi tudi nal Iy therethrough.
86. The devdtdeasheneanarkes whichastadiograppicallysibleent resilient menber is a

solid neeo”a‘ec:leagzoneTrgfrllch%h@ﬁi?&iﬁ@e%'@ltza%omrei n said tissue-penetrating
el'ongate nenber

menber conpri Ses an having & trocar tip fornmed on the
di stal end ithedstode migmeEadnati on with a tubul ar sheath di sposed around

sai d el ongate nenber and |ongitudinally noveable relative to said elongate
menber . at least one window which is selectively permeable by a type of energy

useable for imaging.

68. A new catheter device according to Claim 1 further comprising :
a fluid lumen which extends through said catheter body;
at least one fluid outlet aperture through which fluid may flow from said
fluid lumen into the blood vessel in which the catheter is positioned; and,
a ballon formed on the catheter body to temporarily block flow through the
blood vessel in which the catheter is positioned, at a site proximal to said at least

one fluid outlet aperture.

69. A catheter device according to Claim 36 further comprising :
a fluid lumen which extends through said catheter body;
at least one fluid outlet aperture through which fluid may flow from said
fluid lumen into the blood vessel in which the catheter is positioned; and
a balloon formed on the catheter body to temporarily block flow through the
blood vessel in which the catheter is positioned, at a site proximal to said at least

one fluid outlet aperture,

70. A catheter device according to Claim 1 further comprising :
a balloon which is inflatable to stabilize the catheter device as the tissue

penetrating element is passed therefrom.




120 88. The device of Claim 77 wherein said tissue-penetrating menber

"conprises an el ongate nenber having an energy-emitti ' ' I d
energy-emtting distal tip being operative to emt emﬂl,mﬂm'“mlmﬂﬂﬂ
facilitate penetration of said tissue- penetrating nertbef through trssue.
89. The device of C aim 88 wherein ltilie energy-emtting distal tipis
selected fromthe group consisting of: a resistance-heated tip; a nonopol ar

el ectrocautery tip; a bipolar electrocautery tip; a laser emtting tip; an

ul traso 'em&&&ﬂ&e}d&i&e%mﬁ%éb@gﬁ%mh&%' RSin hereof 90. The device

of Caim77 wherein sald tissue-penetrating ne r conprises an el ongate
menber habaliogn avhidhsis aiflagibl toistabilize tiod cathieng devigs uetheeidatel ng appar at us formed
t hereon. 91. The device of Claim 77 wherein said tissue-penetrating nenber
conpr i sekengtrating plgment igpassed theesffaly a | unen extending | ongitudinal iy

t her et hrough, said | unen

72. A catheter device according to Claim 1 further comprising :
a deflection member for deflecting said tissue penetrating element as it

passes out of the catheter body.

73. A catheter device according to Claim 36 further comprising :
a deflection member for deflecting said tissue penetrating element as it

passes out of the catheter body.

74. The device of Claim 28 wherein said window is aligned with the direction in

which said tissue-penetrating element will pass.

75. The device of Claim 28 wherein said imaging apparatus is selected from the
group consisting of:

ultrasonic imaging apparatus,

Doppler imaging apparatus;

radiographic imaging apparatus;

magnetic resonance imaging apparatus;

electromagnetic imaging apparatus; and,

possible combinations thereof.

76. The device of Claim 28 wherein said imaging apparatus is an imaging

catheter.

¢ e e e
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be| ng connectable to a source of negative pressure so as to draw tissue

*into said lumen through the distal end of the tissue penetrating nemnber.

121 92. The device of Claim77 wherein said tissue-

conprises: a pre-bent resilient tubular sheath havi ﬂlm”lﬂﬂ"ﬂumum end,
and, an el ongate nenber having a shgypened distal tip, sad ongat*e rrenber
bei ng di sposed within said tubul ar sheath and advanceabl e t heret hrough,

such that the sharpened distal tip vvi Il emerge out of the open distal end
of the ea h sai d el ongat e er, con ct.ed o terial which is
suffi ci 22 gf"élc? ?Fg&f’ nlg iﬁi’f' 008 ,Yess§ ion of the
t ubul ar §&g iR I Eﬁguta%r HRhd & a side
housi ngut 0 Ouggﬂ?ﬁc&l}@%ﬁﬁ%ﬂﬁfﬁﬂ&ﬁ%ﬁhms ?gmant succﬁ@t hat thll?le I magi ng

el ement thmnldod vedsel axlad o targebRention, tdid dewitd carfiprisig: bl ood vessel in which
the catheter body is positioned relative to the target |ocation. 94. The
devi ce of O ai m Hexiblercatheter body hsdngea distabperdion tgt isepusitionatderpr i ses an

el ongat e .nenber. di sposed within a lunen formed in the catheter body, said
cat het er‘”“l@ﬁbﬁ?%‘é?%‘@sé?rred of a flexible plastic material, and wherein a

ri gi d tubular r el oRaent, Rk ndh5R 436tls 3R oA RRdsAR, of Sai d

| umen to prevent
‘penetrating member being initially disposed in a retracted position and subsequently

advanceable to an extended position wherein it extends substantially laterally from
said catheter body;

~ at least one orientation marker positioned on the catheter body and
useable in conjunction with said imaging apparatus to provide an indication of the
direction in which the tissue penetrating member will extend as it advances from the

catheter body.

78. The device of Claim 77 wherein said tissue-penetrating member is adapted to
bend in a first direction as it passes from said catheter body to thereby penetrate the

wall of the blood vessel in which the catheter has been inserted.

79. The device of Claim 77 wherein said catheter includes an outlet aperture
formed in the side wall thereof, and wherein said tissue-penetrating member, when
passed out of said outlet aperture will penetrate through the wall of the blood vessel

in which the catheter is positioned.

80. The device of Claim 77 wherein said tissue penetrating member comprises an
elongate needle having a sharp distal tip and a pre-bent resilient spine member
positioned therewithin, said spine member being operative to cause said elongate

needle to bend in a first direction.




ti ssue-penetrating nmenber from penetrating into the plastic.material of the
" cat heter body when the tissue-penetrating nenber is retracted into the

cat heter body. 95. The device of Caim77 wherein saig umwmamﬁm i ng
menber conprises an el ongate nenber and wherein the c . Mrther
conprises: a handpi ece nounted on tjhe proxinal end of said catHeté&r body,

sai d handpi ece having an actuator which is noveable in a first direction to
advance said tissue-penetrating nenber out of said catheter body, and

ot ek okt dBriSE BF it R Srern iy e PR yraRs et oot ce L
accor di r}getﬁ&rqlﬁémoyp,{sbg:t her conprising an i mging apparatus. 97. The
device of Caim96 wherein said imagi ng apparatus is selected fromthe
group consi $t i ng ad¥exibld prozismhsiafl hasmgraglistpleadadnds; Doppl er i magi ng

> Ladi hic i . tus: | i : :
APDa AUl O O Cd B oo RRR R igd TS St SSIMETSS 9 O

distal end of said flexible proximal shaft.

82. The device of Claim 77 wherein said tissue-penetrating member comprises a

resilient, pre-bent member having a sharp distal tip.

83. The device of Claim 82 wherein said tissue penetrating member is formed of a

material which is superelastic when inserted within the mammalian body.

84. The device of Claim 83 wherein said super elastic material is a nickel titanium
alloy.

85. The device of Claim 82 wherein said pre-bent resilient member is a hollow

needle having a hollow lumen extending longitudinally therethrough.

86. The device of Claim 82 wherein said pre-bent resilient member is a solid

needle.

87. The device of Claim 77 wherein said tissue-penetrating member comprises an
elongate member having a trocar tip formed on the distal end thereof, in
combination with a tubular sheath disposed around said elongate member and

longitudinally moveable relative to said elongate member.
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el ectromagneti c i magi ng apparatus; and, possible conbinations thereof. 98.

* The device of Claim97 wherein said imging apparatus is an i mging
catheter. 99. The device of Claim 77 wherein the tissue-penetrating rrenber
conprises an el ongate nmenber having a guide wire |unen extendi ng

| ongi tudinall'y therethrough such that a guide wire m”m ough
said guide wire lumen after the tissue penetrating Hﬁﬂﬂ manced
to said target |ocation. 100. The Hl/i ce of Caim99 furtthet cénpFistng: an
el ongate flexible guide wire which is passable through said guide wre

| umen of said tissue-penetrating nenber. 123 101. A catheter device
according to Claim77 further conprising: a fluid |unen which extends

t hrough said catheter bod at | east one fluid outlet aperture through
whi ch™ f B8i dThaevigent (ﬁlmnﬁwmrm sAid) tipsugpenetrating tmember emprsesa8 i n whi ch

h h d d bod
t enpor aPPrEAs oY iRk i st ek R o o Bret iR A S e e i 5
posi ti oBgidlg dHerative i tbCerft hlefBy whithSWilld failitdte dfchetration of said tissue-

penetrating member through tissue.

89. The device of Claim 88 wherein the energy-emitting distal tip is selected from
the group consisting of:
a resistance-heated tip;
a monopolar electrocautery tip;
a bipolar electrocautery tip;
C = alaser emitting tip;
an ultrasound-emitting tip; and,

¢ ~— possible combinations thereof.

90. The device of Claim 77 wherein said tissue penetrating member comprises an
elongate member having a distal end with a rotating tissue-severing apparatus

formed thereon.

91. The device of Claim 77 wherein said tissue-penetrating member comprises an
elongate member having a lumen extending longitudinally therethrough, said lumen
being connectable to a source of negative pressure so as to draw tissue into said

lumen through the distal end of the tissue penetrating member.




one fluid outlet aperture. 102. A catheter device according.to Caim?77
“further conprising: a balloon which is inflatable to stabilize thé catheter

device as the tissue penetrating nmenber is passed t lm,
catheter device according to Claim77 further corrprl I’ b
menber for deflecting said tissue penetrating nmenber as it ‘“pa%ses ou

the catheter body. 104. A catheter ]gféw ce according to Claim77 wherein
said orient at [ on mar ker is configur and positioned such that said

arger | oEat e g e B e R g et ei e
ti ssue penetameibegt resitityes tubalar shehth Havinglanropen distabardd; mod,t her et hr ough.
an elongate member having a sharpened distal tip, said elongate member being
disposed within said tubular sheath and advanceable therethrough, such that the
sharpened distal tip will emerge out of the open distal end of the sheath;
said elongate member being constructed of material which is sufficiently

flexible to conform to the pre-bent configuration of the tubular sheath.

93. The device of Claim 77 further comprising:
a side housing to house therewithin an imaging element such that the imaging

element may be utilized to observe the wall of the blood vessel in which the catheter

body is positioned relative to the target location. e
2
o
94. The device of Claim 77 wherein the tissue penetrating member comprises an
elongate member disposed within a lumen formed in the catheter bOd(} said e

catheter body being formed of a flexible plastic material, and wherein a rigid tubular
reinforcement member is disposed about a portion of said lumen to prevent the
tissue-penetrating member from penetrating into the plastic material of the catheter

body when the tissue-penetrating member is retracted into the catheter body.

95. The device of Claim 77 wherein said tissue penetrating member comprises an
elongate member and wherein the catheter device further comprises:

a handpiece mounted on the proximal end of said catheter body, said
handpiece having an actuator which is moveable in a first direction to advance said
tissue-penetrating member out of said catheter body, and retractable in a second
direction to retract said tissue-penetrating member into the lumen of said catheter
body.
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96. A catheter device according to Claim 77 further comprising an imaging

apparatus.

97. The device of Claim 96 wherein said imaging apparatus is selected from the
group consisting of:

ultrasonic imaging apparatus;

Doppler imaging apparatus;

radiographic imaging apparatus;

magnetic resonance imaging apparatus,

electromagnetic imaging apparatus; and,

possible combinations thereof.

98. The device of Claim 97 wherein said imaging apparatus is an imaging

catheter.

99. The device of Claim 77 wherein the tissue-penetrating member comprises an
[ W

elongate member having{guide wire lumen extending longitudinally therethrough

such that a guide wire may be advanced through said guide wire lumen after the

tissue penetrating member has been advanced to said target location.
100. The device of Claim 99 further comprising:

an elongate flexible guide wire which is passable through said guide wire

lumen of said tissue-penetrating member.
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101. A catheter device according to Claim 77 further comprising:
a fluid lumen which extends through said catheter body;
at least one fluid outlet aperture through which fluid may flow from said fluid
lumen into the blood vessel in which the catheter is positioned; and,
a balloon formed on the catheter body to temporarily block flow through the

blood vessel in which the catheter is positioned, at a site proximal to said at least

one fluid outlet aperture.

102. A catheter device according to Claim 77 further comprising:
a balloon which is inflatable to stabilize the catheter device as the tissue

penetrating member is passed therefrom.

103. A catheter device according to Claim 77 further comprising:
a deflection member for deflecting said tissue penetrating member as it passes

out of the catheter body.

104. A catheter device according to Claim 77 wherein said orientation marker is
configured and positioned such that said indication includes an image of said marker

as well as an image of said target location.

105. A catheter device according to Claim 77 wherein the tissue penetrating
member has a hollow lumen extending therethrough,

e ————



