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(57) Abstract: A catheter system for use in bypassing a blocking (3) in an artery
(1) comprises four components. These components are an arterial catheter, an
intravenous ultrasound catheter, a guide-wire system, and finally a covered stent
(4) used as graft. The bypassing of the blocking (3) in the artery (1) which ex-
tends along a vein (2) comprises the steps of forming a first connection (6) be-
tween said artery (1) and said vein (2) proximal to the blocking (3) in the artery
(1), forming a second connection (7) between said artery (1) and said vein (2)
distal to the blocking (3) in the artery (1), introducing a covered stent (4) through
said artery (1) proximal to the blocking (3) therein, through said first connection
(6) into said vein (2), via said vein (2) to and through said second connection (7),
and into said artery (1) distal to the blocking (3) therein, such that a proximal
end (9) of the covered stent (4) is positioned in the artery (1) proximal to the
blocking (3) therein and a distal end (10) of the covered stent (4) is positioned
in the artery (3) distal to the blocking (3) therein, and fixing the proximal and
distal ends (9, 10) of the covered stent (4) within the artery (1).
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METHOD AND SYSTEM FOR BYPASSING AN ARTERY BLOCK

Background of the invention

The present invention is related to a method of by-
passing a block or an occlusion in an artery. The inven-
tion also is related to a catheter system for use in by-
passing such a block or occlusion in an artery.

Coronary artery disease is the most common cause of
death today. Apart from that, more people suffer from
pain and discomfort from the disease than die. The cause
of these problems is mostly localised blocks, also called
stenosis, in the arteries that support the heart muscle
with energy and oxygen. Pain or death of muscle tissue
occurs when this support ceases or is insufficient.

Today almost all incomplete blocks in these arteries
are treated by means of dilating balloons that are placed
across the blocks and inflated, whereby the blocked site
of the vessel may be widened and the arterial fresh blood
may pass again. The irregularities that occur in the ves-
sel wall after such percutaneous transarterial coronary
angioplasty (PTCA) are today secured and controlled by
means of a so called stent, e.g. a metal cylinder that
also is dilated in the same way when it is in place over
the treated area of the vessel, whereby it is pressed
against the vessel wall and will remain there as a sup-
port.

The vessel has, however, to be open through the nar-
row part to enable treatment of the block with a balloon.
This is the case for about half the population of the
coronary deceased people. The other half will have to un-

dergo coronary artery bypass surgery. During this proce-
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dure the stop in the vessel is shunted (or bypassed) by

means of a conduit usually taken from the person himself
whereby fresh blood is guided from another artery up-
stream through a new passage past the blocked area into
the distal part of such a deceased vessel.

Every year about one million people in the western
world undergo the balloon treatment and another million
people have coronary artery bypass surgery. The surgery
usually ihvolves the use of extra-~corporeal circulation,
the heart and lung machine, full anaesthesia, open chest
and long recovery and rehabilitation times after the pro-
cedure. Having had a PTCA, however, the patient will
leave the hospital the following day since no anaesthesia
was necessary and also no big surgery was done.

According to U.S. Patent No. 5,830,222 of Joshua Ma-
kower, a percutaneous revascularization is obtained by
arterializing a distal part of a vein, whereby blood
flows from a blocked artery and in a retrograde fashion
in this distal part of the vein, or by simply using a
portion of the vein as a bypass graft, whereby the part
of the vein distal to this portion is cut off. Thus, in
both these cases the ordinary function of the distal part
of the vein is blocked which may lead to problems as re-
gards blood drainage from the area of the cut-off distal
part of the vein.

Summary of the invention

A main object of the present invention is to provide
a new possibility for many of the patients that undergo
surgery today to be treated with a similar method as the
PTCA, i.e. awake and with no anaesthesia and no big sur-

gery even if the artery in question is totally blocked.
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A further object of the invention is to provide such

surgery without eliminating the function of parts of
veins distal to the block or occlusion in an artery.

This object is attained on the basis of the anatomi-
cal peculiarity that most of the arteries in the human

body are in a very close proximity with a vein draining

" blood from the same area as the artery supports.

In the case of the heart, the artery and the vein
usually are so close to each other that contact is pres-
ent. Moreover, it is very easy to get access to the ve-
nous system of the heart since the coronary sinus, the
endpoint of the venous drainage from the heart, is easily
accessible in the right atrium, only about 20 cm from the
patient’s neck and is connected to the big jugular vein
in the neck.

Further, an observation that is of great importance
for the present invention is the fact that the veins are
usually much bigger in diameter than the arteries. Ac-
cording to the invention, a covered stent of smaller di-
ameter than the vein is used to bypass the block in the
adjacent artery without blocking the flow in the vein it-
self. Thus the covered stent is positioned in the vein
and its ends are connected to the adjacent artery on ei-
ther side of the block therein.

In this context, the covered stent is essentially
equivalent with a vascular graft or a stented vascular
graft. In this application, a covered stent is to be un-
derstood as a vessel which is flexible, may be dilated
and will maintain its dilated shape.

More precisely, the above objects of the invention
are obtained by a method and a catheter system as claimed

in the subsequent independent claims. Preferred embodi-
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ments of the invention are defined in the dependent

claims.

Thus, a method of bypassing a blocking in an artery
which extends along a vein, comprises the steps of form-
ing a first connection between said artery and said vein
proximal to the blocking in the artery, forming a second
connection between said artery and said vein distal to
the blocking in the artery, introducing a covered stent
through said artery proximal to the blocking therein,
through said first connection into said vein, via said
vein to and through said second connection, and into said
artery distal to the blocking therein, such that a proxi-
mal end of the covered stent is positioned in the artery
proximal to the blocking therein and a distal end of the
covered stent is positioned in the artery distal to the
blocking therein, and fixing the proximal and distal ends
of the covered stent within the artery.

The forming of said first connection preferably com-
prises introducing a first catheter through the artery,
said first catheter having a lateral opening at a distal
end thereof, positioning said lateral opening so as to
face said vein proximal to said blocking, introducing a
first therapeutic wire through said first catheter, said
first therapeutic wire having an active distal end, ad-
vancing the distal end of the first therapeutic wire
through the lateral opening of said first catheter, out
of the artery and into the wvein, thereby forming the
first connection.

The forming of the second connection preferably com-
prises introducing a second catheter through the vein,
saild second catheter having a lateral opening at a distal
end thereof, positioning said lateral opening so as to

face said artery distal to said blocking, introducing a
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second therapeutic wire through said second catheter,

said second therapeutic wire having an active distal end,
advancing the distal end of the second therapeutic wire
through the lateral opening of said second catheter, out
of the vein and into the artery distal to said blocking,
thereby forming the second connection.

Most preferable is to include a step of catching the
distal end of the first theraﬁeutic wire and retracting
it back through the vein, the first therapeutic wire then
extending through the artery proximal to the blocking,
through the first connection and through the vein proxi-
mal to the blocking. Hereby, proximal ends of the first
and second therapeutic wires extending through the vein,
may be joined to each other, preferably outside the body,
and the first therapeutic wire may be retracted through
the artery, such that the second therapeutic wire extends
from the artery distal to the blocking, through the sec-
ond connection, via the vein to and through the first
connection and into the artery proximal to the blocking,
and finally along the artery proximal of the blocking.

Concluding, the covered stent could be introduced on
the second therapeutic wire for bypassing the blocking
and be fixed by dilation of the stent, preferably by
means of a balloon.

It should be noted that the stent should be dilated
to a diameter (or cross-sectional area), which is smaller
than the diameter (or cross-sectional area) of the vein
enclosing part of the covered stent. Hereby, additional
free lumen is maintained in the vein for blood flow in
the vein itself.

In order to position the lateral opening of said
first catheter so as to face said vein proximal to said

blocking, a detector may be introduced into the vein for
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detecting the position of the lateral opening in the

first catheter. This detector is used first to detect the
position of the blocking in the artery and then to detect
the position of the lateral opening in the first cathe-
ter.

The position detector may be an ultrasonic trans-
ducer, which is used to detect the position of an ultra-
sound reflecting marking, provided on the first catheter
in a predetermined relation to the lateral opening at the
distal end thereof. However, any other type of position
indication technique known in the art may be used, such
as MRI, OCT, angiography and radiography.

The position detector is preferably disposed on the
second catheter and may also be used to position the lat-
eral opening of said second catheter so as to face said
artery distal to said blocking. The detector is prefera-
bly disposed near the lateral opening thereof for detect-
ing the position of the artery distal to the blocking.

The position detector may have the capacity of view-
ing in a more limited sector and/oxr 360° around the
catheter. Further, the position detector should be able
to penetrate and depict structure outside the vessel of
its own location, i.e. beyond the wall of that vessel and
into adjacent tissue or vessels.

According to the invention, a method of bypassing a
blocking in an‘artery which extends along a vein, alter-
natively may comprise the steps of providing a covered
stent having a proximal end and a distal end, positioning
the covered stent within said vein having its proximal
end introduced into said artery proximal to the blocking
therein and having its distal end introduced into to said
artery distal to the blocking therein, connecting the

proximal end of the covered stent to the artery proximal
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to the blocking, and connecting the distal end of the

covered stent to the artery distal to the blocking.

The covered stent used should preferably have a di-
ameter, which is smaller than the diameter of the vein
enclosing part of the covered stent.

The catheter system of the invention for use in by-
passing a blocking in an artery and performing the above
method preferably comprises four components. These compo-
nents are an arterial catheter, an intravenous catheter,
a guide-wire system, and finally a covered stent used as
graft.

According to the invention the catheter system com-
prises an arterial catheter for introduction into said
artery, a distal end of the arterial catheter having a
lateral opening to be positioned proximal to the blocking
in said artery, and a wire having a cutting tip at a dis-
tal end thereof, said wire being advancable through the
arterial catheter so as to project the cutting tip out
through the lateral opening at the distal end of the ar-
terial catheter and thereby laterally out through a wall
of the artery.

The arterial catheter may have a flap connected to a
distal edge of the lateral opening, said flap being in-
clined towards the opposite side of the arterial catheter
and having a free end proximal of said distal edge. Pref-
erably, the flap is flexible to a position substantially
covering the lateral opening of the arterial catheter.

The catheter system may use ultrasound or other
technique for the determination of position. An ultra-
sound reflecting material may be fixed in a predetermined
position relative to the lateral opening of the arterial

catheter. Preferably, this ultrasound reflecting material
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at least partly encircles the lateral opening of the ar-

terial catheter.

The catheter system further may comprise an ultra-
sound catheter for introduction into a vein extending
along said artery which ultrasound catheter may comprise
an ultrasonic transducer for determining the position of
the blocking in the artery and for monitoring a position-
ing of the lateral opening of the arterial catheter when
introduced into said artery so as to face the vein.

Preferably, the ultrasonic transducer is directed
laterally substantially in the direction of the laterally
directed distal opening and positioned distal to the lat-
erally directed opening. Alternative catheters employing
other imaging modalities may also be used.

It should be noted that the invention may be used
for any pair of an artery and an adjacent vein in the
body and not exclusively for such pairs in the heart.

Short description of the drawings

Fig. 1 illustrates the anatomy of a human heart.

Fig. 2 illustrates a finished coupling according to
the present invention bypassing a blocking in an artery
of the heart.

Fig. 3 is é top plan view of a distal part of an em-
bodiment of a first catheter designed as an arterial
catheter according to the invention for use in a method
of bypassing a blocking in an artery according to the
present invention. '

Fig. 4 is a longitudinal sectional view of the first
catheter shown in Fig. 3.

Fig. 5 is an elevation view of the first catheter
shown in Fig. 3 and also illustrates a wire introduced

through a distal end opening of the catheter.
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Fig. 6 is an elevation view of the first catheter

shown in Fig. 3 and also illustrates a wire having an ac-
tive head introduced from the proximal end of the cathe-
ter and out of a lateral opening of the catheter.

Figs. 7 and 8 illustrate two positions of a flap de-
vice of the first catheter.

Fig. 9 is a top plan view of a distal part of a
first embodiment of a second catheter having two lumens
and being designed as an intravenous ultrasound catheter
according to the invention for use in a method of bypass-
ing a blocking in an artery according to the present in-
vention.

Fig. 10 is an elevation view of the first embodiment
of the second catheter shown in Fig. 9.

Fig. 11 is an elevation view of the first embodiment
of the second catheter shown in Fig. 9 and also illus-
trates two wires introduced through the lumens thereof.

Fig. 12 is a top plan view of a distal part of a
second embodiment of a second catheter having a single
lumen and being designed as an intravenous ultrasound
catheter according to the invention for use in a method
of bypassing a blocking in an artery according to the
present invention.

Fig. 13 is a longitudinal sectional view of the sec-
ond embodiment of the second catheter shown in Fig. 12.

Figs. 14 and 15 illustrate a lock mechanism for con-
necting therapeutic wires or part thereof according to
the present invention.

Figs. 16-32 illustrate the steps performed for posi-
tioning a coupling as shown in Fig. 2.

Fig. 33 is a top plan view of a distal part of a
third embodiment of a second catheter having two lumens

and being designed as an intravenous catheter according
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to the invention for use in a method of bypassing a

blocking in an artery according to the present invention.

Fig. 34 is a side-sectional view of the third em-
bodiment of the second catheter shown in Fig. 33.

Figs. 35-47 illustrate the steps performed for posi-
tioning a coupling as shown in Fig. 2 and using the in-
travenous catheter shown in Figs. 33-34.

Figs. 48-56 illustrate the steps of a further method
using a catheter according to Figs. 12-13 for positioning
a coupling as shown in Fig. 2.

Figs. 57 and 58 illustrate two embodiments of a cap-
turer used for performing the coupling shown in Fig. 2.

Description of preferred embodiments

As stated above, it is an anatomical peculiarity
that most of the arteries in the human body are in a very
close proximity with a vein draining blood from the same
area as the artery supports. Also, the veins are usually
much bigger in diameter than the arteries, an observation
that is of great importance for the present invention,
since the present invention uses such a wide vein as a
medium to navigate in for the proper placement of a cov-
ered stent and also lends some of its space (diameter)
for passing a new conduit past the block in the adjacent
artery without blocking the flow in the vein itself.

Fig. 1 shows the anatomy of the heart seen from the
front and shows the close relationship between arteries 1
and veins 2. This close relationship is valid also be-
tween the veins and the arteries on the backside of the
heart and further at many peripheral positions in the
body .

Fig.2 illustrates a finished coupling bypassing a
blocking 3 in an artery 1 of the heart. This coupling

comprises a covered stent 4, which extends from a first
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point 5 within the artery upstream of the blocking 3, via

a connection 6 out from the artery 1 into an adjacent
vein 2, within the vein 2 past the blocking 3 in the ad-
jacent artery 1, via a connection 7 out from the vein 2
and back into the adjacent artery 1, and to a second
point 8 within the artery 1 downstream of the blocking 3.
A proximal end 9 of the covered stent 4 ig fixed in the
artery 1 at least at the first point 5, and a distal end
10 of the covered stent 4 is fixed in the artery 1 at
least at the second point 8. The cross-section area of
the covered stent 4 is smaller than the cross-section
area of the vein 2, whereby the vein 2 still is able to
let a stream of blood flow back towards the right atrium
past the blocking 3 in the adjacent artery 1. At the same
time, a stream of blood is able to pass from the heart
through the artery 1 to the covered stent 4 upstream of
the blocking 3 and via the covered stent 4 to the artery
1 downstream of the blocking 3, and then further out into
the ramification of the artery 1.

Figs. 3-15 illustrate preferred embodiments of an
instrumental system that may be used to perform the
method according to the present invention, whereby the
finished connection illustrated in Fig. 2 may be ob-
tained. The most essential parts of this system are an
arterial catheter and an intravenous catheter, illus-
trated in Figs. 3-13.

The preferred embodiment of the instrumental system
of the present invention further comprises a wire system
including conventional guide-wires and therapeutic wires
having lock mechanisms illustrated in Figs.14 and 15.

Figs. 3-7 illustrate a first embodiment of an arte-
rial catheter 11, which at a distal end 12 has a lateral

opening 13. A flap or tongue 14 is connected to the
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catheter 11 at a distal edge 15 of the lateral opening

13. This flap 14 is inclined towards the opposite side of
the arterial catheter 11 and has a free end 16 proximal
to the distal edge 15.

Consequently, a wire being guided through the arte-
rial catheter towards the distal end 12 will be deflected
by the flap 14 to project out through the lateral opening
13.

The arterial catheter 11 also has an opening 17 axi-
ally at its distal end, and the flap 14 preferably is
flexible to a position substantially covering the lateral
opening 13. Thereby, a wire 18 may be introduced into the
arterial catheter 11, or vice versa, via the opening 17
and past the flap 14, which then will deflect towards the
lateral opening 13, as shown in Fig. 5.

When using the arterial catheter 11 it is inserted
into an artery, e.g. the artery 1 in Fig. 2, such that
the lateral opening 13 is positioned opposite to the ad-
jacent vein 2 directly upstream of the block 3. Then a
wire 19 having a cutting tip 20 is inserted through the
arterial catheter 11 such that the cutting tip 20 will be
deflected laterally by the flap 14 out of the lateral
opening 13, through the wall of the artery 1 and the wall
of the adjacent vein 2 into this vein 2. The cutting or
active end or tip 20 is capable of cutting through the
wall of a blood vessel and may use radiofrequency energy,
laser energy, a sharp end, or other cutting techniques
known in the art.

In order to be able to perform this operation, it
must be possible to determine the rotational position of’
the lateral opening 13 at the distal end 12 of the arte-
rial catheter 11 within an artery into which the arterial

catheter 11 is inserted. Preferably, this is attained by
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attaching a rotational position indicator 21 to the dis-

tal end of the arterial catheter and introducing a detec-
tor 22 (cf. Figs.9-13) through the adjacent vein to a po-
sition close to the rotational posgition indicator 21,
this detector 22 being sensitive to the rotational posi-
tion of the rotational position indicator 21.

Further, a balloon 23 is provided at the distal part
12 of the artery catheter 11. The balloon 23 is inflated
when the rotational position of the distal opening 13 of
the artery catheter 11 is opposite to the adjacent wvein,
as determined by the rotational position detector 22.
Thereby, the position of the artery catheter 11 is fixed
relative to the adjacent vein.

As a preferred example, the rotatiomal position in-
dicator 21 may be an ultrasound reflecting material pro-
vided non-concentric on the arterial catheter 11 near the
distal opening 13, e.g. so as to at least cover part of
the edge around the distal opening 13. In this case, the
detector 22 should comprise an ultrasound head, which is
able to detect the rotational position of the arterial
catheter 11.

Other types of indicators and detectors, such as a
magnetic indicator and a magnetic detector, are of course
possible. Each type of indicator and detector may be used
separately or in combination with another type of indica-
tor or detector.

It is also possible that the material of the arte-
rial catheter 11 is such as to enable a detecting of the
rotational position of the distal end 12 thereof as a
consequence of the presence of the opening 13 and/or the
flap 14 which themselves are non-concentric in relation
to a central axis of the arterial catheter 11. Thus, this

would eliminate any extra material being applied to the
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distal end 12 of the arterial catheter 11 to make it in-

dicative of its rotational position.

Figs.7 and 8 illustrate an exemplary design of the
flap 14. More precisely, the flap 14 is fixed to a ring
24 which may be inserted into the opening 17 of the
catheter 11 and fixed therein adjacent to the opening 13,
as illustrated in Figs.4-6. Fig. 7 shows the flap 14 in
its inclined position, and Fig. 8 shows the flap 14 in
its upward towards the opening 13 flexed position. Other
embodiments of the flap 14, e.g. a flap integrated in the
catheter, are obvious to the man skilled in the art.

A first embodiment of the intravenous ultrasound
therapeutic catheter 25 ig illustrated in Figs.9-11. This
catheter 25 is a typical angiography catheter of the dou-
ble lumen type wherein a first lumen 26 has an axially
directed distal opening 27 and a second lumen 28 hasg a
substantially laterally directed distal opening 29. The
catheter 25 further has an ultrasound head constituting
said detector 22 and being directed substantially in the
same lateral direction as the distal opening 29 of the
second lumen 28. Finally, the catheter 25 has a balloon
30 whereby its rotational and axial position with a wvein
may be fixed. As illustrated in Figs. 9-11, the detector
22 is disposed distally of the opening 29. However, the
detector 22 may be disposed proximally of the opening 29,
in which case the balloon 30 preferably is disposed dis-
tally of the opening 29.

According to the present invention the intravenous
ultrasound therapeutic catheter 25 first is used for mak-
ing a connection upstream of the blocking from the arte-
rial catheter 11 positioned in an artery into the vein in
which the catheter 25 is introduced. Thus, the ultrasound

head or detector 22 of the catheter 25 is used for deter-
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mining the rotational position of the distal end 12 of

the arterial catheter 11. When it is determined that the
opening 13 is directly opposgite to the vein, this rota-
tional position of the distal end 12 of the arterial
catheter 11 is fixed by inflating the balloon 23. Then,
the wire 19 having the cutting tip 20 is inserted through
the arterial catheter 11 such that the cutting tip 20
will be deflected laterally by the flap 14 out of the
lateral opening 13, through the wall of the artery and
through the wall of the adjacent vein into this wvein.

According to the present invention the intravenous
ultrasound therapeutic catheter 25 thereafter is used for
making a connection downstream of the blocking from the
vein in which the catheter 25 is positioned to the same
artery from which a connection first was made. Now, the
ultrasound head 22 is used to set the rotational position
of the catheter 25 such that the opening 29 of the second
lumen 28 of the catheter 25 is directly opposite to and
thus points toward the artery. The balloon 30 of the
catheter 25 is now inflated in order to fix this rota-
tional position of the catheter 25 in the vein. Then, a
wire 31 having a cutting tip 32 is inserted through the
second lumen 28 of the catheter 25 such that the cutting
tip 32 will be deflected laterally out of the distal
opening 29 of the second lumen 28, through the wall of
the véin and through the wall of the adjacent artery into
this artery. The wire 31 is of the same type as the wire
19.

A second embodiment of the intravenous catheter is
illustrated in Figs.12 and 13. This intravenous ultra-
sound therapeutic catheter 25’ has the same ultrasound
detector 22 as the catheter 25 but is a single lumen

catheter, which has a lateral opening 33 and a flap 34.
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The lateral opening 33 and the flap 34 corresponds to the

lateral opening 13 and the flap 14 of the first, arterial
catheter 11.

When using the intravenous catheter 25’, a guide-
wire is first introduced into the vein and the catheter
25’ is then pushed on this guide-wire to the area of the
blocking in the artery. During this movement of the
catheter 25’, the flap 34 is flexed into a position sub-
stantially corresponding to the lateral opening 33.

In order to make the connection from the vein into
the artery downstream of the blocking, the guide-wire is
retracted from the catheter 25’ and an active therapeutic
wire, i.e. a therapeutic wire having.an active tip or
end, is introduced from the proximal end of the catheter
25’ . When the cutting head of the active wire reaches the
flap 34 it is deflected through the lateral opening 33,
whereby a connection from the vein and into the artery
will be made.

Since the ultrasound transducer 22 of both catheters
25 and 25’ is monitoring a sector around the openings 29
and 33, respectively, the movement of the therapeutic
wire 31 out of these openings is easily controlled.

Further elements of the instrumentation éystem ac-
cording to the present invention are shown in Figs.14 and
15, which illustrate a lock mechanism 35 for connecting
the ends of two wires, such as the wires 19 and 31 or an
active head to the end of a wire, such as the head 20 to
the wire 19. The lock mechanism 35 comprises a flexible
male member 36 and a female member 37, which are easily
connected and disconnected. Of course, many modificationsg
of this lock mechanism are obvious to the man skilled in
the art. It should be noted that the lock mechanism 35

does not increase the thickness of the wires 19 and 31
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and that the flexibility thereof ig hardly affected at

all.

Having described embodiments of the arterial cathe-
ter and the intravenous catheter as well as their basic
functions, a complete description of a method of bypass-
ing a blocking will now be made referring to an example
illustrated in Figs.16-32.

An artery 101 and a parallel vein 102 of a heart are
illustrated in Fig. 16. Also, an occlusion or blocking
103 is shown in the artery 101.

Via a catheter sheet 104 introduced at a puncture
site 105 of the jugular vein, as illustrated in Fig. 17,
an ordinary guide-wire 106 is inserted into the vein 102
past the position of the occlusion in the artery 101, cf.
Fig. 18. An intravenous ultrasound therapeutic catheter,
such as the catheter 25, is then inserted over this
guide-wire 106, cf. Fig. 19. The active ultrasound head
22 of the catheter 25 is now used to localise the block
103 in the artery 101.

The information collected by means of the ultrasound
head 22 is also used to determine whether the anatomical
conditions are good enough for making a coupling accord-
ing to the present invention.

Presuming that acceptable conditions are con-
firmed, a second common guide-wire 107 is now introduced
at a puncture site 108 from the femoral artery in the
groin (or any other peripheral artery) using a catheter
sheet 109 and advanced all the way to the block 103 in
the coronary artery 101, cf. Figs.20 and 21.

The balloon 30 of the catheter 25 is inflated so as
to lock the catheter 25 in a position opposite to the ar-

tery 101 and proximal to the block 103. An arterial



10

15

20

25

30

WO 01/70133 PCT/EP01/03104

18
catheter, such as the catheter 11, is then inserted over

this guide-wire 107, cf. Fig. 22.

Using the active ultrasound head 22 of the catheter
25 in the vein 102, the reflecting material around the
opening 13 at the distal end of the arterial catheter 11
is detected, whereby it is possible to rotate the arte-
rial catheter 11 until its opening 13 is facing directly
towards the vein 102. In .this position, the balloon 23 of
the catheter 11 is inflated so as to fix the rotational
and axial position of the distal part 12 of the arterial
catheter 11 in the coronary artery 10l1. As a next step,
the guide-wire 107 is retracted whereby the flap 14 re-
turns to its inclined position, cf. Fig. 23.

Then, the wire 19 having the cutting tip 20 is in-
serted through the arterial catheter 11 such that the
cutting tip 20 will be deflected laterally by the flap 14
out of the lateral opening 13, and will make a connection
through the wall of the artery 101 and through the wall
of the adjacent vein 102 into this vein 102, cf. Fig. 24.
This movement of the wire 19 and its tip 20 may be moni-
tored by means of the ultrasound head 22 of the catheter
25 in the vein 102. Eventually, the wire 19 extends
proximal to the block 103 in the artery 101, via the con-
nection made into the vein 102 and to a position in the
vein 102 that is distal to the block 103 in the coronary
artery 101.

The balloons 23 and 30 may now be deflated and the
catheters 11 and 25 withdrawn from the coronary artery
101 and the coronary vein 102, respectively. This is de-
picted in Fig. 25.

Thereafter, another catheter 110 is introduced over
the guide-wire 106 to the area of the block 103, where
the distal part of the wire 19 is caught and then re-
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tracted out of the vein 102 together with the catheter

110, cf. Fig. 26. Thus, the wire 19 now extends from
puncture site 108 of the femoral artery in the groin to
the block 103 in the coronary artery 101, via the connec-
tion through the walls of the coronary artery 101 and the
coronary vein 102 into the vein 102 and then back to and
out of the puncture site 105 of the jugular wvein, cf.
Figs.27 and 30.

Next, the intravenous ultrasound treatment catheter
25 1is again introduced at the puncture site 105 of the
jugular vein and is inserted on the guide-wire 106 in
parallel with the wire 19 to the area of the block 103.
After localising the distal part of the artery 101 by
means of the active ultrasound head 22, the balloon 30
will be inflated and the position of the catheter 25
thereby fixed. The wire 31 having the cutting head 32 is
introduced through the second lumen 28 of the catheter
25. Once it reaches the end of the second lumen 28 it
will be deflected out of the lateral opening 29 towards
the coronary artery 101 and make a connection through the
wall of the coronary vein 102 and the wall of the artery
wall 101 into the artery 101, cf. Fig. 28.

Now, the intravenous ultrasound treatment catheter
25 is retracted from the coronary vein 102, cf. Fig. 29,
and the ends 111 and 112 of the wires 19 and 31 outsgide
the puncture site 105 are connected so that they effec-
tively form a single wire 19, 31, cf. Fig. 30. As a re-
sult, the wire 19 may be withdrawn from the femoral ar-
tery in the groin to such an extent that said single wire
19, 31 extends from the femoral artery in the groin to a
point proximally of the block 103 in the coronary artery
101, via the connection through the walls of the coronary

artery 101 and the coronary vein 102 into the coronary



10

15

20

25

30

WO 01/70133 PCT/EP01/03104

20
vein 102, through a part of the coronary wvein 102 past

the block 103 in the coronary artery 101, via the connec-
tion through the walls of the coronary vein 102 and the
coronary artery 101 back into the coronary artery 102
distally of the block 103, cf. Fig. 31.

Finally, a covered stent 4, e.g. as described in
U.S. Patent Application Serial Number 09/461,379 (JAN
OTTO SOLEM), or any other covered stent graft is mounted
on a balloon on a catheter 113 and is inserted over the
single wire 19, 31 from the femoral artery through the
coronary artery 101, through the connection in the walls
of the coronary artery 101 and the coronary vein 102
proximally of the block 103, through part of the coronary
vein 102, through the connection in the walls of the
coronary vein 102 and the coronary artery 101 distally of
the block 103, back into the coronary artery distally of
the block 103. Now, the proximal end of the covered stent
is positioned in the coronary artery 101 proximal to the
blocking 103, and a distal end of the covered stent is
positioned in the artery 101 distal to the blocking 103,
cf. Fig. 32.

Finally, the proximal and distal ends 9, 10 of the
covered stent 4 are fixed in the coronary artery 101 by
inflating said balloon, which is then deflated and with-
drawn with the catheter 113. Thereby, the covered stent 4
will bypass the block 103 in the coronary artery 101, as
also shown in Fig. 2. It should be noted that since the
vein 102 is much wider than the covered stent, i.e. the
cross-sectional area of the vein is substantially larger
than that of the covered stent (and the coronary artery),
the bypass does not obstruct the flow of blood in the

coronary vein.
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Referring to Figs. 33-47, an apparatus and a

method will be described which represent an alternative
to those described referring to Figs. 16-32. Here a sin-
gle catheter is used in the coronary vein 102 for both
capture of the wire 19 and for advancement of the wire 31
from the vein 102 into the coronary artery 101, thereby
reducing the number of exchanges necessary and the amount
of apparatus required.

Ag seen in FIG. 33, a catheter 200 comprises a cap-
ture lumen 205, a guide wire lumen 210, a position detec-
tor 22 and a balloon 30. The position detector 22 may
provide a position indication with ultrasound, MRI, OCT,
angiography, radiography, or any other position indica-
tion technique known in the art. The capture lumen 205
has an axially directed distal opening. The guide wire
lumen 210 also has an axially directed distal opening and
further comprises a lateral opening 33 and a flap 34, as
described above. FIG. 34 is a side-sectional view of the
catheter 200, illustrating the flap 34 in its inclined
configuration.

As seen in FIG. 35, the guide wire 106 isg ad-
vanced through the patient’s jugular vein into the pa-
tient’s coronary vein 102 using the technique described
with respect to FIGS. 17 and 18. The distal end of the
guide wire lumen 210 of the catheter 200 is then advanced
over the proximal end of the guide wire 106, thereby
flexing the flap 34 towards the lateral opening 33 to al-
low advancement of the catheter 200 into the coronary
vein 102, as seen in Fig. 36. Figs. 37-40 then correspond
to Figs. 21-24.

Referring now to Fig. 41, the guide wire 106 is
withdrawn proximally a distance sufficient to make way

for introduction of a capture device 220. Preferably, the
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guide wire 106 is retracted to a position proximal of the

distal end of the guide wire lumen 210, but distal to the
flap 34. The capturer 220, or any other suitable capture
device, is then advanced through the capture lumen 205
and out of its distal end. The capturer 220 captures the
distal region of the wire 19. Capture of the wire 19 op-
tionally may be facilitated by an imaging modality, for
example IVUS, OCT, MRI, angiography, fluoroscopy, etc.

In Fig. 42, the wire 19 is then withdrawn through
the capture lumen 205 such that it extends from the femo-
ral artery, through the coronary artery 101, into the
coronary vein 102, and out of the jugular vein. The guide
wire 106 is then re-advanced distally to a position dis-
tal of the block 103. The balloon 30 is deflated, and the
catheter 200 is advanced further along guide wire 106 un-
til the lateral opening 33 is disposed at a position dis-
tal of the block 103. The lateral opening 33 is then
aligned with the coronary artery 101 using, for example,
one of the techniques described previously. The balloon
30 is then re-inflated to maintain the orientation and
position of the opening 33.

In Fig. 43, the guide wire 106 is withdrawn through
the guide wire lumen 210, thereby opening the lateral
opening 33. Then, as seen in Fig. 44, the active wire 31
having a cutting tip 32 is advanced through the lumen 210
and is deflected by the flap 34 out of the lateral open-
ing 33. Continued advancement of the wire 31 causes the
cutting tip 32 to puncture the wall of the vein 102 and
to enter the artery 101 distal of the block 103. The bal-
loon 30 is then deflated, and the catheter 200 is removed
from the vein 102. The proximal end of the wire 31 is
then connected to the distal end of the wire 19, and

Figs. 45-47 then correspond to Figs. 29,31 and 32.
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It should be understood that the guide wire 106

and/or the guide wire 107 could be eliminated from the
procedure, and the active wires 19 and 31 used in their
place. This may simplify the procedure by reducing the
number of exchanges required, i.e. by not having to com-
pletely remove the guide wires, then advance the active
wires. It is expected that such a system would be most
effective if used.in combination with active wires having
cutting tips that may be selectively activated, for exam-
ple, by a laser or RF-source.

Referring to Figs. 48-56 an apparatus and a method
are disclosed which utilise the apparatus 25’ described
in Figs. 12 and 13 in conjunction with the balloon 30.

In Fig. 48, the wire 19 having a cutting tip 20 is
introduced into the coronary artery 101, using well-known
percutaneous techniques, to a position just proximal of
the block 103. The distal end of the catheter 25’ is ad-
vanced over the proximal end of the wire 19, such that
the flap 34 deflects towards the lateral opening 33 and
allows advancement of the catheter 25’ to a position just
proximal of the block 103, as seen in Fig. 49. The cathe-
ter 25’ may then be rotated such that the lateral opening
33 is aligned with the coronary vein 102. Proper align-
ment may be achieved using a variety of techniques. For
example, the angular position of the opening 33 with re-
spect to the ultrasonic detector 22 may be tagged on an
intravascular ultrasound ("IVUS") image derived therefrom
(not shown). Then, fluoroscopic, ultrasound, angio-
graphic, MRI, OCT, etc., images of the coronary vein 102
and/or coronary artery 101 may be compared with the IVUS
image to orient the tag such that the lateral opening 33

is directed towards the vein 102. Alternatively, the po-
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sition indicator and detector system described previously

may be used.

Once the lateral opening 33 is properly aligned, the
balloon 30 is inflated to maintain alignment. As seen in
Fig. 50, the wire 19 is then withdrawn proximally to a
position proximal of the flap 34, thereby causing the
flap 34 to return to its inclined position and re-opening
the lateral opening 33. It should be understood that a
standard guide wire, such as the guide wire 106, may al-
ternatively be used to position the catheter 25’ within
the vessel, then withdrawn and replaced by the wire 19
having the cutting tip 20.

With the lateral opening 33 re-opened, the wire 19
is re-advanced distally such that it is deflected by the
flap 34 to project out of the lateral opening 33. Contin-

ued advancement of the wire 19 causes the cutting tip 20

to puncture the wall of the coronary artery 101 and to

pass into the coronary vein 102. The wire 19 ig then ad-

vanced until its distal end is disposed distal of the
coronary block 103, as seen in Fig. 51.

Once the distal end of the wire 19 is positioned
within the patient’s coronary vein 102, the balloon 30 is
deflated, and the catheter 25’ is removed from the pa-
tient’s vasculature, as seen in Fig. 52. The distal end
of the catheter 25’ is preferably flexible to reduce dam-
age to the wall of the artery 101 during removal. Once
removed from the patient, the distal end of the catheter
25’ is re-advanced over the proximal end of the wire 119
thereby re-closing the lateral opening 33 by deflecting
the flap 34. Advancement of the catheter 25’ continues
until the distal end of the catheter 25’ is disposed
within the patient’s coronary vein 102 distal of the

block 103. Lateral opening 33 is then aligned with the



10

15

20

25

30

WO 01/70133 PCT/EP01/03104

25
coronary artery 101 using, for example, one of the tech-

nigues described hereinabove, or by imaging block 103.
The balloon 30 is re-inflated to maintain the orientation
of the opening 33, as seen in Fig. 53.

Referring to Fig. 54, the wire 19 is withdrawn
proximally until it is disposed proximal of the flap 34,
thereby causing the flap 34 to deflect downward and open-
ing the lateral opening 33. The wire 19 is re-advanced
distally such that it is deflected by the flap 34 to pro-
ject out of the lateral opening 33. Continued advancement
causes the cutting tip 20 to puncture the wall of the
coronary vein 102 and to pass back into the coronary ar-
tery 101, as seen in Fig. 55. The balloon 20 is then de-
flated, and the catheter 25’ is withdrawn from the coro-
nary vein 102 through the coronary artery 101, and out of
the patient’s vasculature, as seen in Fig. 56. The flexi-
bility of the distal region of the catheter 25’ again
serves to minimize trauma to the vasculature during re-
trieval of the catheter.

The wire 19 thus extends from a point external to
the patient, through the patient’s vasculature to a point
just proximal of the block 103 in the coronary artery
101, into the coronary vein 102 via the connection
through the walls of the artery 101 and the vein 102,
through a part of the coronary vein to a position past
the block 103, and back into the artery 101 distal of the
block 103 via the connection between the vein 102 back
into the artery 101. The covered stent 4 is then advanced
over the wire 19 and deployed as described with respect
to Fig. 32.

Referring back to Figs. 53-56, it should be under-
stood that the catheter 25’ may alternatively be re-

advanced along the wire 19 using well-known rapid ex-
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change techniques (not shown), or via a hypotube or addi-

tional lumen provided as part of catheter 25’ (not
shown) . In such a system, the catheter 25’ would be re-
advanced with the lateral opening 33 in the open configu-
ration. A second active wire with a cutting tip, such as
the wire 31 having the cutting tip 32, would then be ad-
vanced through the catheter 25’ and out of the opening 33
to make the return connection between the coronary vein
102 and the coronary artery 101 distal of the block 103.
The catheter 25’ would then be removed from the patient,
followed by the wire 19, leaving the wire 31 in position
for placement of the covered stent 4. It is expected that
such a system may reduce trauma at the arterio-venous
connection proximal of the block 103 during retrieval of
the catheter 25’ due to its guidance along the wire 19
during retrieval, which would extend parallel to the lon-
gitudinal axis of the catheter 25’ rather than through
the lateral opening 33.

The cutting tip 20 of the wire 19 is preferably se-
lectively activated to minimize a risk of perforating the
patient’s vasculature at locations other than the arte-
rio-venous connections seen, for example, in Fig. 56. The
cutting tip 20 may, for example, be coupled via the wire
19 to a selectively activated radiofrequency or laser en-
ergy source.

Fig. 57 provides an illustrative capturer 220 suited
for advancement through capture lumen 210. The capturer
220 comprises two jaws 221, 222 being urged together by a
spring 223. Pulling a thread 224 may open the jaws 221,
222.

Fig. 58 illustrates another capturer 230, which com-
prises a hook 231 formed in the side of a metal string or

wire 232.
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Alternative capture devices known from the art may

also be provided, for example an Amplatz Gooseneck snare,
distributed by the Microvena Corp. of White Bear Lake,
Minn., USA.

It should be noted that several modifications might
be made to the above-described example of the invention.
As an example, the catheter 25’ may be used instead of
the catheter 25. Also, the intravenous catheter 25 or 25’
may be used in the artery 1 to make the first connection
6 and thereafter be retracted from the artery and used in
the vein 2 as above described. Alternatively, both cathe-
ters may be equipped with position detectors providing a
position indication with ultrasound, MRI, OCT, angiogra-
phy, radiography, or any other position indication tech-
niqﬁe known in the art.

Further, magnets or electromagnets may be used for
indication of position. Thus, if a magnet or electromag-
net was disposed on the catheter in the vein and another
magnet or electromagnet was disposed on the catheter in
the artery, they could lock on to each other when in
proper position. The magnets could be disposed only on
the sides of the catheters with lateral openings to en-
sure proper alignment. Additionally, magnets or electro-
magnets could eliminate the need for a balloon for an-
choring during creation of the first and second connec-

tions.
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CLAIMS

1. A method of bypassing a blocking in an artery
which extends along a vein, comprising the steps of

forming a first connection between said artery and
said vein proximal to the blocking in the artery,

forming a second connection between said artery and
said vein distal to the blocking in the artery,

introducing a covered stent through said artery
proximal to the blocking therein, through said first con-
nection into said vein, via said vein to and through said
second connection, and into said artery distal to the
blocking therein, such that a proximal end of the covered
stent is positioned in the artery proximal to the block-
ing therein and a distal end of the covered stent is po-
sitioned in the artery distal to the blocking therein,
and

fixing the proximal and distal ends of the covered
stent within the artery.

2. The method of claim 1, further comprising
dilating the covered stent along its part in the
vein to a diameter, which is smaller than the diameter of

the vein enclosing that part of the covered stent.

3. The method éccording to claim 1, wherein the step
of forming said first connection comprises

introducing a first catheter through the artery,
said first catheter having a lateral opening at a distal
end thereof,

positioning said lateral opening so as to face said

vein proximal to said blocking,
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introducing a first therapeutic wire through said

first catheter, said first therapeutic wire having an ac-
tive distal end,

advancing the distal end of the first therapeutic
wire through the lateral opening of said first catheter,
out of the artery and into the vein, thereby forming the
first connection.

4. The method according to claim 3, wherein the step
of forming the second connection comprises

introducing a second catheter through the vein, said
second catheter having a lateral opening at a distal end
thereof,

positioning said lateral opening so as to face sgaid
artery distal to said blocking,

introducing a second therapeutic wire through said
second catheter, said second therapeutic wire having an
active distal end,

advancing the distal end of the second therapeutic
wire through the lateral opening of said second catheter,
out of the vein and into the artery distal to said block-
ing, thereby forming the second connection.

5. The method according to claim 4, further compris-
ing the step of catching the distal end of the first
therapeutic wire and retracting it back through the vein,
the first therapeutic wire then extending through the ar-
tery proximal to the blocking, through the first connec-
tion and through the wvein proximal ﬁo the blocking.

6. The method according to claim 4, wherein the sec-
ond catheter is a double lumen catheter, said second
therapeutic wire being advanced through a first one of
said lumina, further comprising the step of catching the
distal end of the first therapeutic wire and retracting

it back through the other one of said lumina.
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7. The method according to claim 5 or 6, wherein

distal end of the first therapeutic wire and the proximal
end of the second therapeutic wire are joined to each
other outside of the human body and the first therapeutic
wire is retracted through the artery, such that the sec-
ond therapeutic wire extends from the artery distal to
the blocking, through the second connection, via the vein
to and through the first connection and into the artery
proximal to the blocking, and finally along the artery
proximal of the blocking.

8. The method according to claim 7, wherein the cov-
ered stent is introduced on the second therapeutic wire
for bypassing the blocking.

9. The method according to claim 8, wherein the cov-
ered stent is fixed by dilation thereof.

10. The method according to claim 9, wherein the
stent is dilated by means of a balloon.

11. The method according to claim 3, wherein the po-
sitioning of the lateral opening of said first catheter
so as to face said vein proximal to said blocking com-
prises introducing a detector into the vein for detecting
the position of the lateral opening in the first cathe-
ter, where the detector comprises an imaging modality
chogen from the groﬁp consisting of ultrasound, MRI, OCT,
angiography, radiography, magnets or electromagnets.

12. The method according to claim 11, wherein the
detector is used first to detect the position of the
blocking in the artery and then to detect the position of
the lateral opening in the first catheter.

13. The method according to claim 11 or 12, wherein
an ultrasonic transducer is used as position detector and

an ultrasound reflecting marking is provided on the first
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catheter in predetermined relation to the lateral opening

at the distal end thereof.

14. The method according to claim 4, wherein the po-
sitioning of the lateral opening of said second catheter
so as to face sald artery distal to said blocking com-
prises providing a detector on the second catheter and
close to the lateral opening thereof for detecting the
position of the artery distal to the blocking, where the
detector comprises an imaging modality chosen from the
group consisting of ultrasound, MRI, OCT, angiography,
radiography, magnets or electromagnets.

15. The method according to claim 3, wherein the po-
sitioning of the lateral opening of said first catheter
so as to face said vein proximal to said blocking com-
prises providing a detector on the first catheter and
close to the lateral opening thereof for detecting the
position of the vein proximal to the blocking, where the
detector comprises an imaging modality chosen from the
group consisting of ultrasound, MRI, OCT, angiography,
radiography, magnets or electromagnets.

16. The method according to claim 14, wherein an ul-
trasonic transducer is used as position detector on the
gsecond catheter.

17. The method according to claim 15, wherein an ul-
trasonic transducer is used as position detector on the
first catheter.

18. The method according to claim 14 or 15, wherein
the position detector has the capacity of viewing a lim-
ited sector and has the strength to penetrate and depict
structures outside the wvein and artery, respeétively.

19. The method according to claim 14 or 15, wherein
the position detector has the capacity of viewing 360°

around the catheter and has the strength to penetrate and
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depict structures outside the vein and artery, respec-

tively.

20. The method according to claim 3, wherein the po-
sition of said lateral opening of said first catheter
facing said vein is fixed by means of a balloon fastening
the distal end of the first catheter relative to the ar-
tery.

21. The method according to claim 4, wherein the po-
sition of said lateral opening of said second catheter
facing said artery is fixed by means of a balloon fasten-
ing the distal end of the second catheter relative to the
vein.

22. A method of bypassing a blocking in an artery
which extends along a‘vein, comprising the steps of

providing a covered stent having a proximal end and
a distal end,

positioning the covered stent within said vein hav-
ing its proximal end introduced into said artery proximal
to the blocking therein and having its distal end intro-
duced into said artery distal to the blocking therein,

connecting the proximal end of the covered stent to
the artery proximal to the blocking, and

connecting the distal end of the covered stent to
the artery distal to the blocking.

23. The method according to claim 22, further com-

 prising

maintaining the diameter of the part of the covered
stent that is enclosed by the vein smaller than the di-
ameter of the vein enclosing said part of the covered
stent.

24. A catheter system for use in by-passing a block-

ing in an artery, comprising
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an arterial catheter (11) for introduction into said

artery, a distal end (12) of the arterial catheter having
a lateral opening (13) to be positioned proximal to the
blocking in said artery,

a flap (14) connected to a distal edge (15) of the
lateral opening (13), said flap (14) being inclined to-
wards the opposite side of the arterial catheter (11) and
having a free end (16) proximal of said distal edge (15),
and

a wire (19) having a cutting tip (20) at a distal
end thereof, said wire being advancable through the arte-
rial catheter (11) so as to project the cutting tip (20)
out through the lateral opening (13) at the distal end
(12) of the arterial catheter (11) and thereby laterally
out through a wall of the artery.

25. The catheter system according to claim 24,
wherein the flap (14) is flexible to a position substan-
tially covering the lateral opening (13) of the arterial
catheter (11).

26. The catheter system according to claim 23, fur-
ther comprising a rotational position indicator (21).

27. The catheter system according to claim 26,
wherein the rotational position indicator (21) comprises
an ultrasound reflecting material at a predetermined po-
sition relative to the lateral opening (13) of the arte-
rial catheter (11).

28. The catheter system according to claim 27,
wherein the ultrasound reflecting material (21) at least
partly encircles the lateral opening (13) of the arterial
catheter (11).

29. The catheter system according to claim 24, fur-

ther comprising an inflatable balloon (23) for fixing the
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distal end (12) of the arterial catheter (11) relative to

an artery, into which it is introduced.

30. The catheter system according to claim 26, fur-
ther comprising a catheter (25; 25’) for introduction
into a veln extending along said artery and having a de-
tector (22) responsive to the rotational position indica-
tor (21).

31. The catheter system according to claim 27, fur-
ther comprising a venous catheter (25; 25’) for introduc-
tion into a vein extending along éaid artery.

32. The catheter system according to claim 31,
wherein the venous catheter is an ultrasound catheter
(25; 25’) comprising an ultrasonic transducer (22) for
determining the position of the blocking in the artery
and for monitoring a positioning of the lateral opening
(13) of the arterial catheter (11) when introduced into
sald artery so as to face the vein.

33. The catheter system according to claim 31 or 32,
wherein the venous catheter (25) comprises two parallel
lumina (26, 28; 205, 210), one of which (26; 205) has an
axially‘directed distal opening (27) and the other of
which (28; 210) has a laterally directed opening (29;
33).

34. The catheter system according to claim 33,
wherein the laterally directed opening (29) is a distal
opening of the other one (28) of said parallel lumina.

35. The catheter system according to claim 33, fur-
ther comprising a flap (34) connected to a distal edge of
the laterally directed opening (29), said flap being in-
clined towards the opposite side of the other one (210)
of said parallel lumina and having a free end proximal of

said distal edge.
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36. The catheter system according to claim 35,

wherein the flap (34) is flexible to a position substan-
tially covering the laterally directed opening (33) of
the other one (210) of said parallel lumina.

37. The catheter system according to claim 36,
wherein the other one (210) of said parallel lumina also
has an axially directed distal opening.

38. The catheter system according to claim 32,
wherein the ultrasonic transducer (22) is directed later-
ally substantially in the direction of the laterally di-
rected opening (29) of the ultrasound catheter (25).

39. The catheter system according to claim 38,
wherein the ultrasonic transducer (22) is positioned dis-
tal to the laterally directed opening (29).

40. The catheter system according to claim 31, fur-
ther comprising an inflatable balloon (30) for fixing the
distal end of the venous catheter (25; 25’) relative to a
vein, into which it is introduced.

41. The method of claim 1, wherein forming a first
connection and forming a second connection comprises
forming both the first and second connections with one
catheter.

42. The method of claim 1, wherein forming both the
first and second connections with one catheter comprises:

introducing the catheter into the artery proximal of
the blocking, the catheter having a distal opening and a
lateral opening at a distal end thereof, and a flap
connected to a distal edge of the lateral opening, said
flap being inclined towards the opposite side of the
catheter and flexible to a position substantially
covering the lateral opening,

positioning said lateral opening so as to face said

vein proximal to said blocking,
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introducing a therapeutic wire through said

catheter, said therapeutic wire having an active distal
end, and

advancing the distal end of the therapeutic wire
through the lateral opening of said catheter, out of the
artery and into the wvein, thereby forming the first
connection.

43. The method of claim 42, furthéf comprising
removing the catheter from the artery.

44 . The method of claim 43, further comprising
reintroducing the distal opening of the catheter over the
therapeutic wire until the lateral opening is positioned
within the vein distal of the blocking in the artery, the
therapeutic wire flexing the flap to a position
substantially covering the lateral opening.

45. The method of claim 44, further comprising
retracting the distal end of the therapeutic wire to a
position proximal of the flap, thereby causing the flap
to resume its inclination towards the opposite side of
the catheter.

46. The method of claim 45, further comprising

positioning the lateral opening of the cathéter =]e}
that it faces the artery distal to the blocking, and

re-advancing the therapeutic wire through the
lateral opening of the catheter, out of the vein and back
into the artery distal to the blocking, thereby forming
the second connection. .

47. The method of clgim 46, further comprising
removing the catheter from the vein and the artery.

48. The method of claim 47, wherein the catheter
comprises a flexible distal region to minimize trauma

during retrieval.
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49. The method of claim 43, wherein the catheer

further comprises an additional lumen.

50. The method of claim 49, wherein the additional
lumen is chosen from the group consisting of hypotubes
and rapid exchange lumens.

51. The method of claim 49, further comprising
advancing the catheter over the therapeutic wire via the
additional lumen until the lateral opening is positioned
within the vein distal of the blocking in the artery.

52. The method of claim 51, further comprising:

positioning the lateral opening of the catheter so
that it faces the artery distal to the blocking, and

advancing a second therapeutic wire through the
lateral opening of the catheter, out of the vein and back
into the artery distal to the blocking, thereby forming
the second connection.

53. The method of claim 52, further comprising:

removing the catheter from the vein and the artery,
and

remoVing the therapeutic wire from the vein and the
artery, while leaving the second therapeutic wire in
place.

54. A catheter system for use in bypassing a
blocking in an artery, the catheter system comprising:

a catheter (200) comprising a first lumen (205) and
a second lumen (210), the first lumen (205) having an
axially directed distal opening,-

the second lumen (210) having a distal opening and a
laterally directed opening (33), a flap (34) connected to
a distal edge of the laterally directed opening (33),
said flap (34) being inclined towards the opposite side
of the second lumen (210) of and flexible to a position

substantially covering the lateral opening.
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