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Description

TECHNICAL FIELD

[0001] This disclosure relates to systems and devices
for treating chronic occlusions in blood vessels and as-
sociated methods. More particularly, this disclosure re-
lates to devices for establishing a blood flow path around
a chronic total occlusion and methods for fabricating
those devices.

BACKGROUND

[0002] A number of diseases are caused by the build-
up of plaque in the arteries. These plaque deposits limit
blood flow to the tissues that are supplied by that partic-
ular artery. When these deposits build up in the arteries
of the heart, the problem is called coronary artery disease
(CAD). When these deposits build up in the arteries of a
limb, such as a leg, the condition is called peripheral ar-
tery disease (PAD).
[0003] Peripheral artery disease affects 8 to 12 million
individuals in the United States and is also prevalent in
Europe and Asia. Roughly 30% of the population over
the age of 70 suffers from PAD. PAD typically causes
muscle fatigue or pain brought about by exertion and
relieved by rest. Symptoms of PAD can include leg pain
during walking and wounds that do not heal. The inability
to walk without leg pain often causes patients to stop
exercising and reduces the patient’s mobility. When the
plaque builds up to the point where an artery is totally
occluded, the obstruction is referred to as a Chronic Total
Occlusion (CTO). A CTO that occludes the peripheral
arteries for PAD patients is extremely serious. PAD pa-
tients that suffer from a CTO often enter a downward
spiral towards death. Often the CTO in a peripheral artery
results in limb gangrene, which requires limb amputation
to resolve. The limb amputation in turn causes other com-
plications, and roughly half of all PAD patients die within
two years of a limb amputation.
[0004] The blood pumping action of the heart muscle
is critical to sustaining the life of a patient. In order for
the heart to function properly the tissues of the heart mus-
cle must be continuously supplied and re-supplied with
oxygen. To receive an adequate supply of oxygen, the
heart muscle must be well perfused with blood. In a
healthy heart, blood perfusion is accomplished with a
system of arteries and capillaries. However, due to age,
high cholesterol and other contributing factors, a large
percentage of the population has arterial atherosclerosis
that totally occludes portions of the patient’s coronary
arteries. A chronic total occlusion (CTO) in a coronary
artery may cause painful angina, atrophy of cardiac tis-
sue and patient death.
[0005] US 4,870,953 discloses an ultrasonic appara-
tus for the treatment of a patient having blood vessels
obstructed by deposits of atherosclerotic plaque or blood
clots, comprising: an ultrasonic energy source; an elon-

gated, solid, flexible probe having first and second ends
and coupled at the first end to the ultrasonic energy
source and having a tip at the second end, the probe
length selected so as to provide both longitudinal and
transverse motion of the probe tip, the probe tip having
a blunt, rounded shape formed to be substantially free
of any tendency to perforate a blood vessel and the probe
having a degree of flexibility selected to prevent perfora-
tion of the blood vessel upon contact with the probe tip;
a hollow catheter for internally carrying a portion of the
probe, the catheter having first and second ends, the tip
of the probe having a diameter less than the internal di-
ameter of the hollow catheter; and means adapted to
slide the probe within the catheter to extend the probe
from the second end of the catheter into a mass of athero-
sclerotic plaque or blood clots.

SUMMARY

[0006] The disclosure is directed to several alternative
designs, materials and methods of manufacturing med-
ical device structures and assemblies, and uses thereof.
[0007] Accordingly, one illustrative embodiment is a
system for treating a blood vessel including a blood ves-
sel wall defining a blood vessel lumen where the blood
vessel lumen is at least partially obstructed by an occlu-
sion. The occlusion divides the lumen into a proximal
lumen segment and a distal lumen segment. The system
includes an orienting catheter and an occlusion catheter.
The orienting catheter includes an orienting catheter
shaft carrying an orienting element and a tracking ele-
ment advanceable along the orienting catheter shaft. The
occlusion catheter includes a balloon and a coupling el-
ement configured to engage a complementary coupling
element of the tracking element to form a connection ther-
ebetween. The occlusion catheter defines an inflation lu-
men disposed in fluid communication with an interior of
the balloon so that the balloon can be selectively inflated
by injecting an inflation fluid through the inflation lumen.
The balloon, when in an inflated state, is sized so as to
occlude the blood vessel lumen to isolate a target volume
defined by blood vessel tissues. The occlusion catheter
defines an aspiration lumen disposed in fluid communi-
cation with a distal port positioned so that fluid can be
withdrawn from the target volume and into the aspiration
lumen.
[0008] Another illustrative embodiment is a method for
treating a blood vessel including a blood vessel wall de-
fining a blood vessel lumen, where the blood vessel lu-
men is at least partially obstructed by an occlusion. The
occlusion divides the lumen into a proximal lumen seg-
ment and a distal lumen segment. The method includes
positioning an orienting element of an orienting catheter
inside an intrawall space located distal of the occlusion
from the proximal lumen segment. The intrawall space
is located between an intima and an adventitia of the
blood vessel wall. An occluding element of an occlusion
catheter is positioned in the proximal lumen segment at
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a location near the occlusion. The occluding element in-
cludes a balloon. The balloon of the occlusion catheter
is inflated in the proximal lumen segment so as to isolate
a target volume. The target volume includes the intrawall
space. The pressure inside the target volume is reduced.
The orienting element is deployed in the intrawall space
so that the orienting catheter assumes an orientation in
which a port of the orienting catheter is directed toward
the distal lumen segment. A distal end of a reentry device
is advanced from the port through the intima and into the
distal lumen segment.
[0009] Yet another illustrative embodiment is a method
for treating a blood vessel including a blood vessel wall
defining a blood vessel lumen, where the blood vessel
lumen is at least partially obstructed by an occlusion. The
occlusion divides the lumen into a proximal lumen seg-
ment and a distal lumen segment. The method includes
positioning an orienting element of an orienting catheter
inside an intrawall space located distal of the occlusion
from the proximal lumen segment. The intrawall space
is located between an intima and an adventitia of the
blood vessel wall. An occluding element of an occlusion
catheter is positioned in the proximal lumen segment at
a location near the occlusion. The occluding element in-
cludes a balloon. The balloon of the occlusion catheter
is inflated in the proximal lumen segment so as to isolate
a target volume. The target volume includes the intrawall
space. The volume of the target volume is reduced so
that the intima presses against the orienting element of
the orienting catheter. The orienting element is deployed
in the intrawall space so that the orienting catheter as-
sumes an orientation in which a port of the orienting cath-
eter is directed toward the distal lumen segment. The
distal end of a reentry device is advanced from the port
through the intima and into the distal lumen segment.
[0010] The above summary of some example embod-
iments is not intended to describe each disclosed em-
bodiment or every implementation of the aspects of the
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Figure 1 is a stylized anterior view showing a human
patient. A portion of the patient’s arterial system is
schematically illustrated in Figure 1.
Figure 2A is an enlarged schematic view showing a
portion of the arterial system of a patient who has
been treated for peripheral artery disease (PAD).
Figure 2B is an enlarged schematic view showing a
portion of the arterial system of a patient who has
been treated for coronary artery disease (CAD).
Figure 3 is a stylized perspective view illustrating a
blood vessel having a wall comprising three layers.
Figure 4 is an additional stylized perspective view of
a blood vessel having a wall including an adventitia,
a media, and an intima.

Figure 5 is a stylized drawing showing a human
heart.
Figure 6 is a stylized depiction of a display screen
that is part of a fluoroscopy system. In Figure 6 an
angiographic image illustrating the vasculature of the
heart is projected onto the display screen.
Figures 7A-7C diagramically illustrate exemplary sit-
uations that may disrupt a physician’s ability to vis-
ualize a portion of a patient’s vasculature.
Figure 8A is a stylized depiction of a heart including
a blood vessel.
Figure 8B is a stylized depiction of a display screen
that is part of a fluoroscopy system. In Figure 8B an
angiographic image illustrating the blood vessel
shown in Figure 8A is projected onto the display
screen.
Figure 8C is an additional stylized depiction of the
blood vessel and heart shown in Figure 8A.
Figure 8D is a stylized depiction of a display screen
that is part of a fluoroscopy system. In Figure 8D an
angiographic image illustrating the blood vessel
shown in Figure 8C is projected onto the display
screen.
Figure 9A is a perspective view showing an assem-
bly including an orienting catheter and a re-entry de-
vice. The assembly of Figure 9A may be used, for
example, to establish a blood flow path between a
proximal segment of a blood vessel and a distal seg-
ment of a blood vessel that are separated by an oc-
clusion.
Figure 9B is an enlarged isometric view further illus-
trating a portion of the assembly shown in Figure 9A.
Figure 9C is a cross-section view taken along section
line C-C shown in Figure 9A.
Figure 9D is a cross-section view taken along section
line D-D shown in Figure 9A.
Figure 10 through Figure 22 are a series of stylized
fragment views illustrating various steps that may be
included as part of the methods in accordance with
the detailed description. The apparatus described
herein may be useful, for example, when performing
these methods.
Figure 23 is a plan view showing a system that may
be useful, for example, when establishing a blood
flow path between a proximal segment of a blood
vessel and a distal segment of a blood vessel that
are separated by an occlusion. The system of Figure
23 may also be used to facilitate visualization of a
patient’s vasculature using fluoroscopic techniques
when conditions arise which interfere with the flow
of radiopaque media.
Figure 24A is a plan view showing a system in ac-
cordance with the detailed description.
Figure 24B is an enlarged plan view further illustrat-
ing a portion of the system shown in Figure 24A.
Figure 25A is an additional plan view illustrating a
second configuration of the system shown in Figures
24A-24B.
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Figure 25B is an enlarged plan view further illustrat-
ing a portion of the system shown in Figure 25A.
Figure 26A is a plan view showing a system in ac-
cordance with the detailed description.
Figure 26B is an enlarged plan view further illustrat-
ing a portion of the system shown in Figure 26A.
Figure 27A is an additional plan view illustrating a
second configuration of the system shown in Figures
26A-26B.
Figure 27B is an enlarged plan view further illustrat-
ing a portion of the system shown in Figure 27A.
Figure 28A is a stylized pictorial view of a blood ves-
sel having a wall including an adventitia, a media,
and an intima.
Figure 28B is an additional stylized pictorial view of
the blood vessel shown in Figure 28A.

DETAILED DESCRIPTION

[0012] The following detailed description should be
read with reference to the drawings in which similar ele-
ments in different drawings are numbered the same. The
drawings, which are not necessarily to scale, depict illus-
trative embodiments and are not intended to limit the
scope of the disclosure.
[0013] Figure 1 is a stylized anterior view illustrating
the cardiovascular system of a human patient. The car-
diovascular system of Figure 1 includes a heart 7 that
pumps blood and an arterial system that distributes ox-
ygen rich blood throughout the body. During each heart-
beat, the left ventricle of heart 7 contracts, pumping blood
through the aortic valve and into the ascending aorta 74.
Blood from the ascending aorta 74 flows through the aor-
tic arch 76 and down the descending aorta 12 to the lower
body. Blood from the ascending aorta 74 also flows into
the left coronary artery 70B and the right coronary artery
70A. In a healthy heart, the left coronary artery 70B and
the right coronary artery 70A provide a continuous flow
of blood to the heart which assures that the heart muscle
remains well oxygenated.
[0014] The descending aorta 12 gives off numerous
branches that supply oxygenated blood to the chest cage
and the organs within the chest. The descending aorta
12 continues to the iliac bifurcation 30, which is a branch
that splits into the two common iliac arteries 16A and
16B. The iliac arterial vasculature includes two branches
continuing from the iliac bifurcation 30. The right branch
includes the right common iliac artery 16A, which bifur-
cates into the right external iliac artery 25A and the right
internal iliac artery 27A. When the right external iliac ar-
tery 25A passes posterior to the inguinal ligament, it be-
comes the right femoral artery 29A of the right leg. The
left branch of the iliac arterial vasculature includes the
left common iliac artery 16B, which bifurcates into the left
external iliac artery 25B and the left internal iliac artery
27B. When the left external iliac artery 25B passes pos-
terior to the inguinal ligament, it becomes the left femoral
artery 29B of the left leg.

[0015] In the exemplary embodiment of Figure 1, an
occlusion 32 is blocking blood flow through a portion of
a blood vessel within a target region T of the patient’s
arterial system. The occlusion 32 is obstructing blood
flow between a proximal segment 120 of the blood vessel
and a distal segment 138 of the blood vessel. A system
in accordance with the present detailed description may
be used to establish a blood flow path between proximal
segment 120 and distal segment 138.
[0016] Figure 2A is an enlarged schematic view show-
ing a portion of the arterial system of a patient who has
been treated for peripheral artery disease (PAD). The
portion of the arterial system shown in Figure 2A includes
the descending aorta 12, the iliac bifurcation 30, the right
common iliac artery 16A and the left common iliac artery
16B. In the exemplary embodiment of Figure 2A, the pa-
tient’s condition has been treated by establishing a blood
flow path around an occlusion 32. The blood flow around
occlusion 32 is illustrated using arrows in Figure 2A. The
portion of the arterial system located in target region T
may be treated using a contralateral approach. When
using the contralateral approach, an endovascular de-
vice may enter the vascular system at an access point
P. After entering the arterial system the endovascular
device may be advanced through iliac bifurcation 30 to
reach the target region T in the leg opposite the leg that
is the site of access. In other instances, another approach
may be used to reach the target region T.
[0017] Figure 2B is an enlarged schematic view show-
ing a portion of the arterial system of a patient who has
been treated for coronary artery disease (CAD). The por-
tion of the arterial system shown in Figure 2B includes
the aortic valve 72, the right coronary artery 70A, the left
coronary artery 70B, the ascending aorta 74, and the
aortic arch 76. Left coronary artery 70B and right coronary
artery 70A each meet the ascending aorta 74 at an os-
tium. During the systolic phase of each cardiac cycle,
oxygen rich blood from the ascending aorta 74 flows
through left coronary artery 70B and right coronary artery
70A. In a healthy heart, this oxygen rich blood is distrib-
uted throughout the heart by a network of arteries and
capillaries.
[0018] In the exemplary embodiment of Figure 2B, the
patient’s condition has been treated by establishing a
blood flow path around an occlusion 32. The blood flow
around occlusion 32 is illustrated using arrows in Figure
2B. In the exemplary embodiment of Figure 2B, occlusion
32 is located in left coronary artery 70B. The methodology
for treating a coronary artery may include inserting a
guide catheter into a femoral artery and advancing the
guide catheter such that its distal tip moves through that
artery, up the descending aorta, through the aortic arch
and ultimately into the ostium of the coronary artery. A
system in accordance with this detailed description may
then be advanced through the guide catheter into the
coronary artery. Once in the coronary artery, the system
may be used to establish a blood flow path between a
proximal segment of the coronary artery and a distal seg-
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ment of the coronary artery. In other instances, another
approach may be used to treat the coronary artery.
[0019] Figure 3 is a stylized perspective view illustrat-
ing a blood vessel 30 having a wall 40. In Figure 3, wall
40 of blood vessel 30 is shown having three layers. The
outermost layer of wall 40 is the adventitia 42 and the
innermost layer of wall 40 is the intima 44. Intima 44 de-
fines a true lumen 34 of blood vessel 30. The tissues
extending between intima 44 and adventitia 42 may be
collectively referred to as the media M. For purposes of
illustration, intima 44, media M and adventitia 42 are each
shown as a single homogenous layer in Figure 3. In the
human body, however, the intima 44 and the media M
each comprise a number of sub-layers. The transition
between the external most portion of the intima 44 and
the internal most portion of the media M is sometimes
referred to as the subintimal space. In the embodiment
of Figure 3, an occlusion 32 is blocking the true lumen
34 of blood vessel 30. Occlusion 32 divides true lumen
34 into a proximal lumen segment 36 and a distal lumen
segment 38.
[0020] Figure 4 is an additional stylized perspective
view of a blood vessel 30 having a wall 40 including an
adventitia 42, a media M, and an intima 44. In the em-
bodiment of Figure 4, a portion of intima 44 has become
separated from the other layers of blood vessel wall 40.
This situation may occur, for example, when a physician
has passed one or more prolapsed guidewires, or other
medical device, between intima 44 and adventitia 42. A
prolapsed guidewire is a guidewire having a distal tip that
has been bent to form a loop or knuckle. The human
heart includes a number of blood vessels having the gen-
eral structure illustrated in Figure 4. Examples of these
blood vessels include the left coronary artery and the
right coronary artery.
[0021] Figure 5 is a stylized drawing showing a human
heart. The heart of Figure 5 includes a plurality of coro-
nary arteries, all of which are susceptible to occlusion.
Under certain physiological circumstances and given suf-
ficient time, some occlusions may become total or com-
plete. As used herein, the terms total occlusion and com-
plete occlusion are intended to refer to the same or similar
degree of occlusion with some possible variation in the
age of the occlusion. Generally, a total occlusion refers
to a vascular lumen that is ninety percent or more func-
tionally occluded in cross-sectional area, rendering it with
little to no blood flow therethrough and making it difficult
or impossible to pass a conventional guide wire there-
through. Also generally, the older the total occlusion the
more organized the occlusive material will be and the
more fibrous and calcified it will become. According to
one accepted clinical definition, a total occlusion is con-
sidered chronic if more than two weeks have passed
since the onset of symptoms.
[0022] Methods and apparatus disclosed in this de-
tailed description may be useful, for example, to establish
a blood flow path around an occlusion (e.g., a total oc-
clusion) in a blood vessel. Methods and apparatus dis-

closed in this detailed description may also be used to
facilitate visualization of a patient’s vasculature using
fluoroscopic techniques. Fluoroscopy is a medical imag-
ing technique used by physicians to obtain real-time mov-
ing images of the internal structures of a patient through
the use of a fluoroscope. During a procedure utilizing
fluoroscopy, a radio-opaque contrast agent is injected
into the blood stream in a selected area of the patient’s
vasculature. This causes blood flowing through the se-
lected areas to become visible on a display screen.
[0023] Figure 6 is a stylized depiction of a display
screen FD that is part of a fluoroscopy system. In Figure
6 an angiographic image AI illustrating the vasculature
of the heart is projected onto display screen FD. Fluoro-
scopic systems that may be suitable in some applications
are commercially available from GE Heathcare (Chal-
font, St. Giles, UK) and Siemens (Munchen, Bayern, DE).
[0024] A physician’s ability to visualize a portion of a
patient’s vasculature may be disrupted during some med-
ical procedures. In some cases, this disruption may make
it difficult or impossible for the physician to successfully
complete the procedure. Figures 7A-7C are somewhat
symbolic diagrams illustrating exemplary situations that
may disrupt a physician’s ability to visualize a portion of
a patient’s vasculature.
[0025] Figure 7A is a stylized diagram showing a por-
tion of a blood vessel 30 that is being treated by a phy-
sician. In Figure 7A, an occlusion 32 can be seen dividing
true lumen 34 of blood vessel 30 into a proximal lumen
segment 36 and a distal lumen segment 38. Proximal
lumen segment 36 is generally in fluid communication
with the left ventricle of the heart. Distal lumen segment
38 is generally in fluid communication with the right atrium
of the heart. As the left ventricle pumps blood into prox-
imal segment 36, the fluid in that area of the blood vessel
30 will have a ventral pressure PV. At the same time, the
blood in distal segment 38 will have an atrial pressure
PA. Due to the blood pumping action of the heart, ventral
pressure PV is generally greater than atrial pressure PA.
Accordingly, it will be appreciated that there is a pressure
differential across occlusion 32 in the embodiment of Fig-
ure 7A.
[0026] In the embodiment of Figure 7B, a physician
has created an intrawall space S extending between in-
tima 44 and adventitia 42 of blood vessel wall 40. Intrawall
space S may be created, for example, by moving one or
more prolapsed guidewires, or other medical device, be-
tween intima 44 and adventitia 42. A prolapsed guidewire
may also be moved between occlusion 32 and adventitia
42, thereby establishing fluid communication between
proximal lumen segment 36 and intrawall space S. In the
embodiment of Figure 7B, blood from proximal lumen
segment 36 has filled intrawall space S.
[0027] In the embodiment of Figure 7B, the blood in-
side intrawall space S is generally at ventricle pressure
PV and the blood inside distal lumen segment 38 is gen-
erally at atrial pressure PA. Accordingly, there is a pres-
sure differential across intima 44 in the embodiment of
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Figure 7B. This pressure differential has caused intrawall
space S to fill with blood from proximal lumen segment
36 in the embodiment of Figure 7B.
[0028] Figure 7C is an additional stylized representa-
tion of blood vessel 30 and intrawall space S. By com-
paring Figure 7C with Figure 7B, it will be appreciated
that the length L of intrawall space S has become greater.
In the exemplary embodiment of Figure 7C, the pressure
differential across intima 44 has caused additional dis-
section of the blood vessel wall. In some cases, the length
of a dissection can grow in this way even when that is
not the result desired or intended by the physician. As
further illustrated in Figure 8, an elongated dissection
can interfere with the physician’s ability to "see" a portion
of the vasculature using fluoroscopic techniques.
[0029] Figure 8A is a stylized depiction of a heart H
including a blood vessel 30. In the embodiment of Figure
8A, an occlusion 32 is blocking the true lumen 34 of blood
vessel 30. Occlusion 32 divides true lumen 34 into a prox-
imal lumen segment 36 and a distal lumen segment 38.
During a surgical procedure, a physician may wish to
view proximal lumen segment 36 and distal lumen seg-
ment 38 of blood vessel 30 using fluoroscopic tech-
niques.
[0030] When using fluoroscopic techniques, the phy-
sician may inject a radio-opaque contrast agent into the
blood stream in the areas near occlusion 32. The radio-
opaque contrast agent may be injected into the lumen of
blood vessel 30 from both an antegrade direction A and
a retrograde direction R. Antegrade direction A and a
retrograde direction R are both represented with arrows
in Figure 8A.
[0031] Figure 8B is a stylized depiction of a display
screen FD that is part of a fluoroscopy system. In Figure
8B an angiographic image AI illustrating blood vessel 30
of Figure 8A is projected onto display screen FD. The
radio-opaque contrast agent inside blood vessel 30 has
made proximal lumen segment 36 and distal lumen seg-
ment 38 visible on display screen FD.
[0032] Figure 8C is an additional stylized depiction of
blood vessel 30 and heart H shown in Figure 8A. In the
embodiment of Figure 8C, a physician has created an
intrawall space S extending between intima 44 and ad-
ventitia 42 of blood vessel 30. Intrawall space S may be
created, for example, by moving one or more prolapsed
guidewires, or other medical device, between intima 44
and adventitia 42. A prolapsed guidewire may also be
moved between occlusion 32 and adventitia 42, thereby
establishing fluid communication between proximal lu-
men segment 36 and intrawall space S. In the embodi-
ment of Figure 8C, blood from proximal lumen segment
36 has filled intrawall space S. Also in the embodiment
of Figure 8C, there is a pressure differential across intima
44 between intrawall space S and distal segment 38. This
pressure differential is due to the fact that the blood inside
the true lumen distal of occlusion 32 is generally at atrial
pressure PA and the blood inside intrawall space S is at
ventral pressure PV.

[0033] Any radio-opaque contrast agent traveling in
the retrograde direction R inside true lumen 34 of blood
vessel 30 is unlikely to reach the area of distal lumen
segment 38 nearest to occlusion 32 because this area
of the true lumen 34 is occupied by intrawall space S.
Additionally, any radio-opaque contrast agent travelling
in the antegrade direction A inside true lumen 34 of blood
vessel 30 is unlikely to enter intrawall space S because
no blood is leaving intrawall space S to make room for
the entering fluid. If no radio-opaque contrast agent en-
ters intrawall space S, then that area of the vasculature
cannot be displayed using fluoroscopic techniques.
[0034] Figure 8D is a stylized depiction of a fluoroscop-
ic display screen FD. In Figure 8D an angiographic image
AI illustrating blood vessel 30 of Figure 8C is projected
onto display screen FD. By comparing Figure 8D with
Figure 8B, it will be appreciated that a substantial portion
of distal lumen segment 38 is not visible in angiographic
image AI. The portion of blood vessel 30 that is not dis-
played in angiographic image AI generally corresponds
to the portion of distal lumen segment 38 that is occupied
by intrawall space S.
[0035] Figure 9A is a perspective view showing an as-
sembly 90 including orienting catheter 200 and re-entry
device 100. Assembly 90 may be used, for example, to
establish a blood flow path between a proximal segment
of a blood vessel and a distal segment of a blood vessel
that are separated by a chronic total occlusion. Figure
9B is an enlarged isometric view further illustrating a por-
tion of assembly 90.
[0036] Orienting catheter 200 of Figure 9A comprises
a shaft assembly 202 and an orienting element 204, such
as an orienting balloon, that is carried by shaft assembly
202. Orienting element 204 is capable of assuming both
a collapsed shape and an expanded shape. Orienting
element 204 may be selectively placed in the collapsed
shape, for example, while the orienting element 204 is
being advanced past an occlusion. Orienting element
204 may be selectively placed in the expanded shape,
for example, while the orienting catheter 200 is being
used to direct re-entry device 100 toward the lumen of a
blood vessel. Orienting element 204 is shown assuming
the expanded shape.
[0037] Orienting element 204 of orienting catheter 200
comprises a first portion 206 and a second portion 208.
In the embodiment of Figure 9B, first portion 206 of ori-
enting element 204 comprises a first inflatable member
220. Second portion 208 of orienting element 204 com-
prises a second inflatable member 224 in the embodi-
ment of Figure 9B.
[0038] First inflatable member 220 of orienting element
204 extends in a first direction 20 away from longitudinal
axis 222 of shaft assembly 202. Second inflatable mem-
ber 224 of orienting element 204 extends away from lon-
gitudinal axis 222 of shaft assembly 202 in a second di-
rection 22. First direction 20 and second direction 22 are
represented with arrows in Figure 9A. With reference to
Figure 9A, it will be appreciated that second direction 22
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is generally opposite first direction 20. In Figure 9A, the
arrows representing first direction 20 and second direc-
tion 22 are directed about 180 degrees away from one
another.
[0039] Shaft assembly 202 of Figure 9A defines a first
aperture 226 and a second aperture 228 (shown in Figure
9B). In the embodiment of Figure 9A, first aperture 226
extends away from central lumen 230 in a third direction
24. Second aperture 228 extends away from central lu-
men 230 in a fourth direction 26. Third direction 24 and
fourth direction 26 are represented with arrows in Figure
9A. In the embodiment of Figure 9A, third direction 24
and fourth direction 26 extend in generally opposite di-
rections. In Figure 9A, the arrows representing third di-
rection 24 and fourth direction 26 are directed about 180
degrees away from each other and perpendicular to the
first and second directions 20, 22.
[0040] A hub 236 is fixed to the proximal end of shaft
assembly 202. Hub 236 includes an inflation port 238.
Inflation port 238 fluidly communicates with an interior of
first inflatable member 220 and second inflatable mem-
ber 224 via inflation lumens IL defined by shaft assembly
202. The inflatable members 220, 224 may be inflated
by injecting an inflation media into inflation port 238. Ex-
amples of inflation media that may be suitable in some
applications include saline, carbon dioxide, and nitrogen.
[0041] Orienting catheter 200 defines a proximal port
232, a distal port 234 and a central lumen 230 that ex-
tends between proximal port 232 and distal port 234. In
the embodiment of Figure 9A, proximal port 232 is de-
fined by hub 236 and distal port 234 is defined by shaft
assembly 202. Re-entry device 100 may be inserted into
proximal port 232, advanced along central lumen 230,
and advanced through any one of distal port 234, first
aperture 226 and second aperture 228.
[0042] Figure 9C is a cross-section view of assembly
90 taken along section line C-C shown in Figure 9A. With
reference to Figure 9C, it will be appreciated that re-entry
device 100 may comprise a core wire 104 that is disposed
in a central lumen 230 defined by shaft assembly 202 of
orienting catheter 200. Figure 9D is a cross-section view
of assembly 90 taken along section line D-D shown in
Figure 9A. With reference to Figure 9D, it will be appre-
ciated that the distal portion of shaft assembly 202 de-
fines a central lumen 230. Core wire 104 of re-entry de-
vice 100 can be seen residing in central lumen 230 in
Figure 9D.
[0043] Figure 10 through Figure 22 are a series of styl-
ized pictorial views illustrating various steps that may be
included as part of the methods in accordance with this
detailed description. Methods and apparatus in accord-
ance with the present detailed description may be used,
for example, to establish a blood flow path around an
occlusion in a blood vessel.
[0044] Figure 10 is a longitudinal cross-sectional view
of a blood vessel 30 having an occlusion 32 blocking the
true lumen 34 thereof. Occlusion 32 divides true lumen
34 into a proximal lumen segment 36 and a distal lumen

segment 38. In Figure 10, a distal portion of a crossing
device 150 is shown extending into proximal lumen seg-
ment 36 of true lumen 34. Crossing device 150 may be
advanced over a guidewire to the position shown in Fig-
ure 10. In the embodiment of Figure 10, crossing device
150 comprises a tip 152 that is fixed to a distal end of a
shaft 154. Tip 152 can be seen residing in proximal lumen
segment 36 of true lumen 34 in Figure 10.
[0045] Figure 11 is an additional longitudinal cross-
sectional view of blood vessel 30. By comparing Figure
11 with the previous figure, it will be appreciated that tip
152 of crossing device 150 has been advanced in a distal
direction D. Distal direction D is illustrated using an arrow
in Figure 11. In the embodiment of Figure 11, tip 152 of
crossing device 150 is disposed in a position between
occlusion 32 and adventitia 42 of blood vessel wall 40.
Tip 152 is shown disposed adjacent occlusion 32 in Fig-
ure 11. With reference to Figure 11, it will be appreciated
that crossing device 150 extends through intima 44 to
the position between occlusion 32 and adventitia 42 of
blood vessel 30.
[0046] Figure 12 is an additional view of blood vessel
30 and crossing device 150 shown in the previous figure.
In the embodiment of Figure 12, tip 152 of crossing device
150 has been advanced in distal direction D so that tip
152 is disposed at a location distal of occlusion 32. In the
embodiment of Figure 12, crossing device has moved in
distal direction D between intima 44 and adventitia 42 as
it has advanced distally beyond occlusion 32.
[0047] With reference to the sequence of three figures
described immediately above, it will be appreciated that
methods in accordance with the present detailed descrip-
tion may include the step of advancing a crossing device
along a blood vessel to a location near an occlusion. The
crossing device may be advanced over a guidewire that
has been previously advanced to that location. These
methods may also include the step of advancing the distal
end of a crossing device (e.g., crossing device 150) be-
tween an occlusion and the adventitia of a blood vessel.
The crossing device may be advanced beyond the oc-
clusion to establish a blood flow path between a proximal
segment on one side of the occlusion and a distal seg-
ment on the other side of the occlusion. For example, the
crossing device may re-enter the lumen of the blood ves-
sel as it moves past the occlusion. In some cases, the
crossing device may advance distally between the intima
and the adventitia of the blood vessel. As the tip of the
crossing device moves in a distal direction between the
intima and the adventitia, the tip may cause blunt dissec-
tion of the layers forming the wall of the blood vessel. If
the tip of the crossing device does not spontaneously or
automatically enter the lumen, a system in accordance
with this detailed description may be used to pierce the
intima and re-enter the lumen of the blood vessel.
[0048] In some useful methods in accordance with this
detailed description, the crossing device may be rotated
about its longitudinal axis and moved in a direction par-
allel to its longitudinal axis simultaneously. When this is
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the case, rotation of the crossing device may reduce re-
sistance to the axial advancement of the crossing device.
These methods take advantage of the fact that the kinetic
coefficient of friction is usually less than the static coef-
ficient of friction for a given frictional interface. Rotating
the crossing device assures that the coefficient of friction
at the interface between the crossing device and the sur-
rounding tissue will be a kinetic coefficient of friction and
not a static coefficient of friction. The rotating action may
also change the direction of force vectors representing
the effect of friction on the device.
[0049] Rotation of the crossing device can be achieved
by rolling a handle portion of the crossing device between
the thumb and forefinger of one hand, for example. Two
hands may also be used to rotate the crossing device.
In some useful methods in accordance with this detailed
description, the crossing device is rotated at a rotational
speed of between about 2 revolutions per minute and
about 200 revolutions per minute. In some particularly
useful methods in accordance with this detailed descrip-
tion, the crossing device is rotated at a rotational speed
of between about 50 revolutions per minute and about
150 revolutions per minute. The crossing device may be
rotated at a rotational speed that is sufficient to assure
that the coefficient of friction at the interface between the
crossing device and the surrounding tissue will be a ki-
netic coefficient of friction and not a static coefficient of
friction. It is also contemplated that a mechanical device
(e.g., an electric motor) may be used to rotate the cross-
ing device.
[0050] Figure 13 is an additional stylized pictorial view
of blood vessel 30 and crossing device 150 shown in the
previous figure. In the embodiment of Figure 13, tip 152
of crossing device 150 is disposed at a location distal of
occlusion 32. Tip 152 can be seen resting in an intrawall
space S between the intima 44 and the adventitia 42 of
blood vessel 30 in Figure 13.
[0051] Figure 14 is an additional stylized pictorial view
of blood vessel 30 shown in the previous figure. By com-
paring Figure 14 with the previous figure, it will be appre-
ciated that a guidewire 999 may remain in the position
formerly occupied by crossing device 150. With reference
to Figure 14, it will be appreciated that guidewire 999
may rest inside intrawall space S between the intima 44
and the adventitia 42 of blood vessel 30.
[0052] In the embodiment of Figure 14, crossing device
150 has been withdrawn from blood vessel 30 while
guidewire 999 has remained in the position shown in Fig-
ure 14. The position of guidewire 999 shown in Figure
14 may be achieved, for example, by first placing crossing
device 150 in the position shown in the previous figure,
then advancing guidewire 999 through a lumen defined
by shaft 154 of crossing device 150. Alternately,
guidewire 999 may be disposed within the lumen of shaft
154 while crossing device 150 is advanced beyond oc-
clusion 32. With guidewire 999 in the position shown in
Figure 14, guidewire 999 may be used to direct other
endovascular devices into the intrawall volume between

occlusion 32 and adventitia 42. Examples of endovascu-
lar devices that may be advanced over guidewire 999
include balloon catheters, atherectomy catheters, and
stent delivery catheters.
[0053] Figure 15 is an additional stylized pictorial view
of blood vessel 30 shown in the previous figure. In Figure
15, an orienting catheter 200 is shown residing in the
intrawall space previously occupied by guidewire 999.
Orienting catheter 200 may be advanced into the position
shown in Figure 15, for example, by advancing orienting
catheter 200 over guidewire 999 shown in the previous
figure. Orienting catheter 200 comprises a shaft assem-
bly 202 and an orienting element 204 that is carried by
shaft assembly 202. Orienting element 204 may be ca-
pable of assuming both a collapsed shape and an ex-
panded shape. Orienting element 204 may be selectively
placed in the collapsed shape, for example, while the
orienting element is being advanced past an occlusion
(e.g., occlusion 32 shown in Figure 15). Orienting ele-
ment 204 may be selectively placed in the expanded
shape, for example, while the orienting catheter 200 is
being used to direct a re-entry device toward the lumen
of a blood vessel. In Figure 15, orienting element 204 is
shown assuming the expanded shape.
[0054] Orienting element 204 of orienting catheter 200
comprises a first portion 206 and a second portion 208.
In some instances, orienting element 204 may be an in-
flatable balloon. In the embodiment of Figure 15, first
portion 206 of orienting element 204 comprises a first
inflatable member 220. Second portion 208 of orienting
element 204 comprises a second inflatable member 224
in the embodiment of Figure 15. First inflatable member
220 of orienting element 204 extends in a first direction
20 away from longitudinal axis 222 of shaft assembly
202. Second inflatable member 224 of orienting element
204 extends away from longitudinal axis 222 of shaft as-
sembly 202 in a second direction 22 that is generally
opposite the first direction. Shaft assembly 202 defines
a distal port 234, a proximal port (not shown in Figure
15) and a central lumen extending between the distal
port and the proximal port.
[0055] Figure 16 is an additional stylized pictorial view
of blood vessel 30 and orienting catheter 200 shown in
the previous figure. In Figure 16, a distal portion of an
occlusion catheter 300 can be seen residing in proximal
lumen segment 36 of true lumen 34. Occlusion catheter
300 includes a balloon 302 carried by a shaft assembly
304. Shaft assembly 304 defines an aspiration lumen
308 ending at a distal aspiration port 306. With reference
to Figure 16, it will be appreciated that balloon 302 of
occlusion catheter 300 is disposed at a location slightly
proximal of occlusion 32. In some cases, occlusion cath-
eter 300 may be positioned by advancing it over a
guidewire. In other cases, it may be desirable to use ori-
entation catheter 200 as a guide. When this is the case,
a tracking element may be coupled to both orienting cath-
eter 200 and occlusion catheter 300. The tracking ele-
ment may be adapted and configured to slide in distal
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and proximal axial directions along shaft assembly 202
of orienting catheter 200. The tracking element may be
coupled to occlusion catheter 300 in a manner that pre-
cludes relative axial movement between shaft assembly
304 and the tracking element.
[0056] Figure 17 is an additional stylized pictorial view
of blood vessel 30 and occlusion catheter 300 shown in
the previous figure. In Figure 17, balloon 302 of occlusion
catheter 300 is shown in an inflated state. In some useful
embodiments, balloon 302 is adapted and dimensioned
so as to occlude a blood vessel lumen when it assumes
its inflated shape. In the embodiment of Figure 17, bal-
loon 302 has isolated a target volume T by occluding
proximal lumen segment 36. The target volume T in-
cludes a portion of proximal lumen segment 36 extending
between balloon 302 and occlusion 32 in the embodiment
of Figure 17. Target volume T also includes the intrawall
space S occupied by orientation catheter 200.
[0057] With target volume T isolated, fluid may be with-
drawn from the target volume T by drawing the fluid
through distal aspiration port 306 and into aspiration lu-
men 308. Fluid may also be withdrawn from target volume
T by drawing the fluid through central lumen 230 of ori-
enting catheter 200. Withdrawing fluid from target volume
T may reduce the pressure inside the target volume T
(e.g., reduce the pressure inside the target volume T be-
low ventral pressure PV) so that pressure inside distal
lumen segment 38 presses the intima 44 of the blood
vessel 30 against the orienting element 202 of orienting
catheter 200. The pressure within the target volume T
may be reduced to be less than the pressure within the
distal lumen segment 38 (e.g., atrial pressure PA). With-
drawing fluid from the target volume may be particularly
beneficial when the blood vessel wall has been dissected
as one or more prolapsed guidewires, or other medical
device, have passed through it. More particularly, with-
drawing fluid from the target volume may facilitate the
use of fluoroscopic imaging techniques when an elon-
gated dissection is interfering with the flow of radiopaque
imaging media into a lumen segment of the blood vessel.
Additionally, withdrawing fluid from the intrawall space S
may facilitate the piercing of intima 44 to complete a blood
flow path extending between a proximal lumen segment
and a distal lumen segment of the blood vessel.
[0058] Figure 18 is an additional stylized pictorial view
of blood vessel 30 and orienting catheter 200 shown in
the previous figure. For purposes of illustration, orienting
catheter 200 is shown in cross-section in Figure 18. With
reference to Figure 18, it will be appreciated that
guidewire 999 has been withdrawn from a central lumen
230 of orienting catheter 200. Orienting catheter 200
comprises a shaft assembly 202 defining a first aperture
226 and a second aperture 228. In the embodiment of
Figure 18, first aperture 226 extends away from central
lumen 230 in a third direction 24. Second aperture 228
extends away from central lumen 230 in a fourth direction
26 that is illustrated using an arrow in Figure 18. Third
direction 24 is also represented with an arrow in Figure

18. In the embodiment of Figure 18, third direction 24
and fourth direction 26 extend in generally opposite di-
rections. In Figure 18, the arrows representing third di-
rection 24 and fourth direction 26 are directed about 180
degrees away from one another.
[0059] Orienting catheter 200 includes an orienting el-
ement 204, such as an orienting balloon, that is carried
by shaft assembly 202. Orienting element 204 is shown
assuming an expanded shape in Figure 18. Orienting
element 204 is also capable of assuming a collapsed
shape. Orienting element 204 is dimensioned such that,
when the orienting element assumes an expanded shape
within the blood vessel wall, the shaft assembly will as-
sume an arbitrary one of two possible orientations rela-
tive to the blood vessel lumen. The two possible orien-
tations comprise a first orientation and a second orien-
tation. In the exemplary embodiment of Figure 18, first
aperture 226 is positioned so as to open toward the blood
vessel lumen when shaft assembly 202 is assuming the
first orientation within the blood vessel wall. Second ap-
erture 228 is positioned so as to open toward the blood
vessel lumen when shaft assembly 202 is assuming the
second orientation within the blood vessel wall. In the
embodiment of Figure 18 orienting catheter 200 is ori-
ented so that second aperture 228 opens toward intima
44 of blood vessel 30 and first aperture 226 opens away
from intima 44. Therefore, it will be appreciated that ori-
enting device is assuming the second orientation.
[0060] In the embodiment of Figure 18, first aperture
226 and second aperture 228 are longitudinally separat-
ed from one another, although other configurations are
contemplated. Orienting catheter 200 includes a first ra-
diopaque marker 240 that is located between first aper-
ture 226 and second aperture 228. A second radiopaque
marker 242 of orienting catheter 200 is located distally
of second aperture 228.
[0061] In Figure 18, an occlusion 32 is shown blocking
lumen 34 of blood vessel 30. Occlusion 32 prevents blood
from flowing through blood vessel 30. Fluid communica-
tion between a proximal segment of blood vessel lumen
34 and a distal segment of blood vessel lumen 34 may
be achieved by re-entering the lumen with a re-entry de-
vice. Orienting catheter 200 may be used to direct the
re-entry device toward true lumen 34 to complete a blood
flow path extending around occlusion 32.
[0062] Figure 19 is an additional stylized pictorial view
of blood vessel 30 and orienting catheter 200 shown in
the previous figure. In the embodiment of Figure 19, a
re-entry device 100 has been advanced into central lu-
men 230 of orienting catheter 200. With reference to Fig-
ure 19, it will be appreciated that re-entry device 100 may
include a bend 142. In the embodiment of Figure 19, re-
entry device 100 is biased to assume a bent shape. Also
in the embodiment of Figure 19, the wall of shaft assem-
bly 202 is holding re-entry device 100 in a somewhat
deflected state. When this is the case, re-entry device
100 can be inserted through second aperture 228 by po-
sitioning the distal end of re-entry device 100 over second
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aperture 228 and allowing bend 142 to assume it’s natural
state (i.e., bent at a sharper angle). In the embodiment
of Figure 19, rotating re-entry device 100 within central
lumen 230 of orienting catheter 200 will cause the distal
end of re-entry device 100 to enter second aperture 228.
[0063] A physician may use a fluoroscopic display for
guidance when placing the distal end of the re-entry de-
vice 100 in general alignment with a selected aperture.
When using fluoroscopic guidance, re-entry device 100,
first radiopaque marker 240, and second radiopaque
marker 242 will all be brightly displayed by the fluoros-
copy system. When the physician positions the distal end
of re-entry device 100 slightly proximal of first radiopaque
marker 240, the physician may infer that the distal end
of re-entry device 100 is at a longitudinal position (i.e., a
position along longitudinal axis 222) that is in general
alignment with first aperture 226. The physician may then
rotate re-entry device 100 so that the distal end of re-
entry device 100 enters first aperture 226. The distal end
of re-entry device 100 may then be advanced through
first aperture 226. The physician may observe the direc-
tion that a distal portion of re-entry device 100 travels as
it passes through first aperture 226. From these fluoro-
scopic observations, the physician can determine wheth-
er the distal end of the re-entry device 100 is directed
toward the vascular lumen or directed away from the vas-
cular lumen. If it is determined that the re-entry device
100 is directed toward the vascular lumen, then the re-
entry device 100 can be advanced so that the distal end
of re-entry device 100 travels through the intima to a po-
sition inside the lumen 34 of blood vessel 30. If it is de-
termined that the re-entry device 100 is directed away
from the vascular lumen, then the re-entry device 100
can be withdrawn from first aperture 226 so that the re-
entry device 100 is again located within orienting catheter
200. At this point, the physician may determine second
aperture 228 should be used for re-entry on this particular
occasion.
[0064] When the physician positions the distal end of
re-entry device 100 between first radiopaque marker 240
and second radiopaque marker 242, the physician may
infer that the distal end of re-entry device 100 is at a
longitudinal position (i.e., a position along longitudinal
axis 222) that is in general alignment with second aper-
ture 228. The physician may then rotate re-entry device
100 so that the distal end of re-entry device 100 enters
second aperture 228. The distal end of re-entry device
100 may then be advanced through second aperture 228.
The physician may observe the direction that a distal por-
tion of re-entry device 100 travels as it passes through
second aperture 228. From these fluoroscopic observa-
tions, the physician can confirm that the distal end of the
re-entry device 100 is directed toward the vascular lumen
34. If it is confirmed that the re-entry device 100 is directed
toward the vascular lumen 34, then the re-entry device
100 can be advanced so that the distal end of re-entry
device 100 travels through the intima 44 to a position
inside the lumen 34 of blood vessel 30. It is contemplated

that other structures/configurations may be utilized to
cause/allow the re-entry device 100 to pass from the ori-
enting catheter 200 for re-entry into the vascular lumen
34.
[0065] Figure 20 is an additional stylized pictorial view
showing re-entry device 100 and orienting catheter 200
shown in the previous figure. By comparing Figure 20
and the previous figure, it will be appreciated that re-entry
device 100 has been rotated so that a distal portion of
re-entry device 100 has entered second aperture 228.
With reference to Figure 20, it will be appreciated that re-
entry device 100 may comprise a distal surface 108 and
a probe 106 extending beyond distal surface 108. In the
embodiment of Figure 20, probe 106 of re-entry device
100 is contacting intima 44 of blood vessel 30. Re-entry
device 100 is shown extending distally through central
lumen 230 and second aperture 228 in the embodiment
of Figure 20. By advancing re-entry device 100 further in
the distal direction D, re-entry device 100 can be ad-
vanced through second aperture 228 and through intima
44.
[0066] Figure 21 is an additional stylized pictorial view
showing re-entry device 100 and orienting catheter 200
shown in the previous figure. In the embodiment of Figure
21, re-entry device 100 has been advanced further in
distal direction D and probe 106 of re-entry device 100
has pierced the surface of intima 44. Probe 106 can be
seen extending into intima 44 in Figure 21. Intima 44 may
be weakened when pierced by probe 106 as shown in
Figure 21. Probe 106 may also function to anchor the
distal tip of re-entry device 100 to intima 44 so that the
distal tip is less likely to slide along the intima 44 when
pushing forces are applied to the proximal end of re-entry
device 100. The anchoring and weakening functions de-
scribed above may aid a physician in advancing re-entry
device 100 through intima 44.
[0067] Figure 22 is an additional stylized pictorial view
showing re-entry device 100 and orienting catheter 200
shown in the previous figure. In the embodiment of Figure
22, a distal portion of re-entry device 100 has been ad-
vanced through intima 44. With reference to Figure 22,
it will be appreciated that distal surface 108 of re-entry
device 100 is disposed in the lumen 34 of blood vessel
30. Probe 106 of re-entry device 100 can be seen ex-
tending beyond distal surface 108. Re-entry device 100
has pierced intima 44 creating a hole extending through
the intima 44. A blood flow path extending around occlu-
sion 32 is completed when re-entry device 100 pierces
intima 44.
[0068] Figure 23 is a plan view showing a system 400
in accordance with the present detailed description. Sys-
tem 400 of Figure 23 may be useful, for example, when
establishing a blood flow path between a proximal seg-
ment of a blood vessel and a distal segment of a blood
vessel that are separated by an occlusion (e.g., the sub-
ject matter illustrated in the preceding series of figures).
System 400 may also be used to facilitate visualization
of a patient’s vasculature using fluoroscopic techniques
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when conditions arise which interfere with the flow of ra-
diopaque media.
[0069] Orienting catheter 200 of Figure 23 comprises
a shaft assembly 202 and an orienting element 204, such
as an orienting balloon, that is carried by shaft assembly
202. Orienting element 204 is capable of assuming both
a collapsed shape and an expanded shape. Orienting
element 204 may be selectively placed in the collapsed
shape, for example, while the orienting element 204 is
being advanced past an occlusion. Orienting element
204 may be selectively placed in the expanded shape,
for example, while the orienting catheter 200 is being
used to direct re-entry device 100 toward the lumen of a
blood vessel. In Figure 23, orienting element 204 is
shown assuming the expanded shape.
[0070] Orienting element 204 of orienting catheter 200
comprises a first portion 206 and a second portion 208.
In the embodiment of Figure 23, first portion 206 of ori-
enting element 204 comprises a first inflatable member
220. Second portion 208 of orienting element 204 com-
prises a second inflatable member 224 in the embodi-
ment of Figure 23. First inflatable member 220 of orient-
ing element 204 extends in a first direction 20 away from
the longitudinal axis of shaft assembly 202. Second in-
flatable member 224 of orienting element 204 extends
away from the longitudinal axis of shaft assembly 202 in
a second direction 22. First direction 20 and second di-
rection 22 are represented with arrows in Figure 23. With
reference to Figure 23, it will be appreciated that second
direction 22 is generally opposite first direction 20. In Fig-
ure 23, the arrows representing first direction 20 and sec-
ond direction 22 are directed about 180 degrees away
from one another.
[0071] Shaft assembly 202 of Figure 23 defines a first
aperture 226 and a second aperture 228. In the embod-
iment of Figure 23, first aperture 226 extends away from
central lumen 230 in a third direction that is generally
perpendicular to first direction 20 and second direction
22. Second aperture 228 extends away from central lu-
men 230 in a fourth direction that is generally perpendic-
ular to first direction 20 and second direction 22. In the
embodiment of Figure 23, the fourth direction is generally
opposite to the third direction. In other words, the third
direction and the fourth direction are directed about 180
degrees away from each other. The third direction and
the fourth direction are both generally orthogonal to the
picture plane that the plan view of Figure 23 is displayed
on. It is contemplated that in other embodiments the first
and second apertures 226, 228 may have a different ori-
entation.
[0072] A hub 236 is fixed to the proximal end of shaft
assembly 202. Hub 236 includes an inflation port 238.
Inflation port 238 fluidly communicates with the interior
of first inflatable member 220 and second inflatable mem-
ber 224 via inflation lumens defined by shaft assembly
202. The inflatable members 220, 224 may be inflated
by injecting an inflation media into inflation port 238. Ex-
amples of inflation media that may be suitable in some

applications include saline, carbon dioxide, and nitrogen.
[0073] Orienting catheter 200 defines a proximal port
232, a distal port 234 and a central lumen 230 that ex-
tends between proximal port 232 and distal port 234. In
the embodiment of Figure 23, proximal port 232 is defined
by hub 236 and distal port 234 is defined by shaft assem-
bly 202. In Figure 23, re-entry device 100 can be seen
extending through proximal port 232, central lumen 230,
and distal port 234. With reference to Figure 23, it will be
appreciated that re-entry device 100 comprises a distal
surface 108 and a probe 106 extending beyond distal
surface 108. Re-entry device 100 may be inserted into
proximal port 232, advanced along central lumen 230,
and advanced through any one of distal port 234, first
aperture 226 and second aperture 228.
[0074] System 400 of Figure 23 includes an occlusion
catheter 300, an orienting catheter 200 and re-entry de-
vice 100. Occlusion catheter 300 includes a balloon 302
carried by a shaft assembly 304. A hub 320 is fixed to
the proximal end of shaft assembly 304. Hub 320 defines
an inflation port 322 and a proximal aspiration port 324.
Shaft assembly 304 of occlusion catheter 300 defines an
inflation lumen 328 and an aspiration lumen 308 that flu-
idly communicate with inflation port 322 and proximal as-
piration port 324, respectively. Aspiration lumen 308 ex-
tends between proximal aspiration port 324 and a distal
aspiration port 306. Inflation lumen 328 extends between
inflation port 322 and the interior of balloon 302.
[0075] In Figure 23, balloon 302 is shown assuming
an inflated shape. Balloon 302 can be selectively inflated
by injecting an inflation fluid into balloon 302 via inflation
port 322 and inflation lumen 328. In some useful embod-
iments, balloon 302 is adapted and dimensioned so as
to occlude a blood vessel lumen when it assumes the
inflated shape. Balloon 302 may be used to isolate a tar-
get volume by occluding the true lumen of the blood ves-
sel. The target volume may include an intrawall space
located between the intima and the adventitia of the blood
vessel. The target volume may also include a portion of
the lumen extending between the balloon and an occlu-
sion that is blocking the lumen of the blood vessel. With
the target volume isolated, fluid may be withdrawn from
it by drawing the fluid through distal aspiration port 306
and aspiration lumen 308 of occlusion catheter 300. Fluid
may also be withdrawn from target volume T by drawing
the fluid through central lumen 230 of orienting catheter
200.
[0076] System 400 includes a tracking element 402
defining a tracking element lumen 404. Shaft assembly
202 of orienting catheter 200 can be seen extending
through tracking element lumen 404 in Figure 23. Track-
ing element lumen 404 is configured so that tracking el-
ement 402 is free to slide in distal and proximal axial
directions along shaft assembly 202 of orienting catheter
200. Occlusion catheter 300 is connected to tracking el-
ement 402 so that axial movement between tracking el-
ement 400 and occlusion catheter 300 is precluded.
[0077] Figure 24A is a plan view showing a system 400
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in accordance with the present detailed description. Fig-
ure 24B is an enlarged plan view further illustrating a
portion of system 400. Figure 24A and Figure 24B may
be collectively referred to as Figure 24. System 400 of
Figure 24 includes an occlusion catheter 300, an orient-
ing catheter 200 and a re-entry device 100. Orienting
catheter 200 comprises an orienting element 204 carried
by a shaft assembly 202. Occlusion catheter 300 com-
prises a balloon 302 carried by a shaft assembly 304.
[0078] Shaft assembly 202 of orienting catheter 200
defines a first aperture 226, a second aperture 228, a
distal port 234 and a central lumen 230. Central lumen
230 extends between distal port 234 and a proximal port
232 is defined by a hub 236. In Figure 24, re-entry device
100 can be seen extending through proximal port 232,
central lumen 230, and distal port 234. Re-entry device
100 may be inserted into proximal port 232, advanced
along central lumen 230, and advanced through any one
of distal port 234, first aperture 226 and second aperture
228. With reference to Figure 24, it will be appreciated
that re-entry device 100 comprises a distal surface 108
and a probe 106 extending beyond distal surface 108.
[0079] Orienting element 204 of orienting catheter 200
comprises a first portion 206 and a second portion 208.
In the embodiment of Figure 24, first portion 206 of ori-
enting element 204 comprises a first inflatable member
220. Second portion 208 of orienting element 204 com-
prises a second inflatable member 224 in the embodi-
ment of figure 24. Shaft assembly 202 defines inflation
lumens that fluidly communicate with the interior of first
inflatable member 220, the interior of second inflatable
member 224, and inflation port 238 defined by hub 236.
The inflatable members may be inflated by injecting an
inflation media into inflation port 238.
[0080] A hub 320 is fixed to the proximal end of shaft
assembly 304 of occlusion catheter 300. Hub 320 defines
an inflation port 322 and a proximal aspiration port 324.
Shaft assembly 304 of occlusion catheter 300 defines an
inflation lumen 328 and an aspiration lumen 308 that flu-
idly communicate with inflation port 322 and proximal as-
piration port 324, respectively. Aspiration lumen 308 ex-
tends between proximal aspiration port 324 and a distal
aspiration port 306. Inflation lumen 328 extends between
inflation port 322 and the interior of balloon 302.
[0081] In Figure 24, balloon 302 is shown assuming a
collapsed and folded state. Balloon 302 can be selec-
tively inflated by injecting an inflation fluid into balloon
302 via inflation port 322 and inflation lumen 328. In some
useful embodiments, balloon 302 is adapted and dimen-
sioned so as to occlude a blood vessel lumen when it
assumes the inflated shape. Balloon 302 may be used
to isolate a target volume by occluding a lumen segment
of a blood vessel. The target volume may include an in-
trawall space located between the intima and the adven-
titia of the blood vessel. The target volume may also in-
clude a portion of the lumen segment extending between
the balloon 302 and an occlusion that is blocking the lu-
men of the blood vessel. With the target volume isolated,

fluid may be withdrawn from it by drawing the fluid through
distal aspiration port 306 and into aspiration lumen 308.
Fluid may also be withdrawn from the target volume by
drawing the fluid through central lumen 230 of orienting
catheter 200 if desired.
[0082] System 400 includes a tracking element 402
defining a tracking element lumen 404. Shaft assembly
202 of orienting catheter 200 can be seen extending
through tracking element lumen 404 in Figure 24. Track-
ing element lumen 404 is configured so that tracking el-
ement 402 is free to slide in distal and proximal axial
directions along shaft assembly 202 of orienting catheter
200. Occlusion catheter 300 and tracking element 402
comprise a male coupling element 408 and a female cou-
pling element 406, respectively. Male coupling element
408 and female coupling element 406 are adapted and
configured to cooperatively form a mechanical connec-
tion between occlusion catheter 300 and tracking ele-
ment 402. In some useful embodiments, this connection
is adapted and configured so that axial movement be-
tween tracking element 400 and occlusion catheter 300
is precluded. In the embodiment of Figure 24, male cou-
pling element 408 includes a shoulder 420 having a prox-
imal facing surface 424. Female coupling element 406
comprises two tangs 426 in the embodiment of Figure
24. In other embodiments, the female coupling element
406 and the male coupling element 408 may be reversed,
with the female coupling element 406 provided on the
occlusion catheter 300 and the male coupling element
408 provided on the tracking element 402.
[0083] Figure 25A is an additional plan view further il-
lustrating system 400 shown in the previous figure. Fig-
ure 25B is an enlarged plan view further illustrating a
portion of system 400. In the embodiment of Figure 25,
male coupling element 408 of occlusion catheter 300 and
female coupling element 406 of orienting catheter 200
are cooperating to form a connection 440. Connection
440 is adapted and configured so that axial movement
between tracking element 400 and occlusion catheter
300 is precluded in the embodiment of Figure 25. A prox-
imal edge of each tang 426 can be seen contacting the
proximal-facing surface of the shoulder 420 in Figure
25B.
[0084] Figure 26A is a plan view showing a system 400
in accordance with the present detailed description. Fig-
ure 26B is an enlarged plan view further illustrating a
portion of system 400. Figure 26A and Figure 26B may
be collectively referred to as Figure 26. System 400 may
be useful, for example, when establishing a blood flow
path between a proximal segment of a blood vessel and
a distal segment of a blood vessel that are separated by
an occlusion (e.g., the subject matter illustrated in the
preceding series of figures). System 400 may also be
useful to facilitate visualization of a patient’s vasculature
using fluoroscopic techniques when conditions arise
which interfere with the flow of radiopaque media.
[0085] System 400 of Figure 26 includes an occlusion
catheter 300, an orienting catheter 200 and re-entry de-
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vice 100. Orienting catheter 200 of Figure 26 comprises
a shaft assembly 202 and an orienting element 204 that
is carried by shaft assembly 202. Orienting element 204
of orienting catheter 200 comprises a first portion 206
and a second portion 208. In the embodiment of Figure
26, first portion 206 of orienting element 204 comprises
a first inflatable member 220. Second portion 208 of ori-
enting element 204 comprises a second inflatable mem-
ber 224 in the embodiment of Figure 26. The inflatable
members may be inflated by injecting an inflation media
into them via inflation lumens defined by shaft assembly
202. The interior of first inflatable member 220 and the
interior of second inflatable member 224 fluidly commu-
nicate with an inflation port 238 defined by a hub 236.
[0086] Orienting catheter 200 defines a proximal port
232, a distal port 234 and a central lumen 230 that ex-
tends between proximal port 232 and distal port 234. In
the embodiment of Figure 26, proximal port 232 is defined
by hub 236 and distal port 234 is defined by shaft assem-
bly 202. Shaft assembly 202 of orienting catheter 200
defines a first aperture 226 and a second aperture 228.
In Figure 26, re-entry device 100 can be seen extending
through proximal port 232, central lumen 230, and distal
port 234. With reference to Figure 26, it will be appreci-
ated that re-entry device 100 comprises a distal surface
108 and a probe 106 extending beyond distal surface
108. Re-entry device 100 may be inserted into proximal
port 232, advanced along central lumen 230, and ad-
vanced through any one of distal port 234, first aperture
226 and second aperture 228.
[0087] Occlusion catheter 300 of system 400 compris-
es a balloon 302 carried by a shaft assembly 304. A hub
320 is fixed to the proximal end of shaft assembly 304 of
occlusion catheter 300. Hub 320 defines an inflation port
322 and a proximal aspiration port 324. Shaft assembly
304 of occlusion catheter 300 defines an inflation lumen
328 and an aspiration lumen 308 that fluidly communi-
cate with inflation port 322 and proximal aspiration port
324, respectively. Aspiration lumen 308 extends be-
tween proximal aspiration port 324 and a distal aspiration
port 306. Inflation lumen 328 extends between inflation
port 322 and the interior of balloon 302.
[0088] In Figure 26, balloon 302 is shown assuming a
collapsed and folded state. Balloon 302 can be selec-
tively inflated by injecting an inflation fluid into balloon
302 via inflation port 322 and inflation lumen 328. In some
useful embodiments, balloon 302 is adapted and dimen-
sioned so as to occlude a blood vessel lumen when it
assumes the inflated shape. Balloon 302 may be used
to isolate a target volume by occluding a lumen segment
of a blood vessel. The target volume may include an in-
trawall space located between the intima and the adven-
titia of the blood vessel. The target volume may also in-
clude a portion of the lumen segment extending between
the balloon and an occlusion that is blocking the lumen
of the blood vessel. With the target volume isolated, fluid
may be withdrawn from it by drawing the fluid through
distal aspiration port 306 and into aspiration lumen 308.

Fluid may also be withdrawn from the target volume by
drawing the fluid through central lumen 230 of orienting
catheter 200 if desired.
[0089] System 400 includes a tracking element 402
defining a tracking element lumen 404. Shaft assembly
202 of orienting catheter 200 can be seen extending
through tracking element lumen 404 in Figure 26. Track-
ing element lumen 404 is configured so that tracking el-
ement 402 is free to slide in distal and proximal axial
directions along shaft assembly 202 of orienting catheter
200. Occlusion catheter 300 and tracking element 402
comprise a male coupling element 408 and a female cou-
pling element 406, respectively. Male coupling element
408 and female coupling element 406 are adapted and
configured to cooperatively form a mechanical connec-
tion between occlusion catheter 300 and tracking ele-
ment 402. In some useful embodiments, this connection
is adapted and configured so that axial movement be-
tween tracking element 400 and occlusion catheter 300
is precluded. In the embodiment of Figure 26, female
coupling element 406 includes a shoulder 420 having a
distal facing surface 422. Male coupling element 408
comprises two fingers 428 in the embodiment of Figure
26. In other embodiments, the female coupling element
406 and the male coupling element 408 may be reversed,
with the female coupling element 406 provided on the
occlusion catheter 300 and the male coupling element
408 provided on the tracking element 402.
[0090] Figure 27A is an additional plan view further il-
lustrating system 400 shown in the previous figure. Fig-
ure 27B is an enlarged plan view further illustrating a
portion of system 400. Male coupling element 408 of oc-
clusion catheter 300 and female coupling element 406
of orienting catheter 200 are cooperating to form a con-
nection 440 in the embodiment of Figure 27. In the em-
bodiment of Figure 27, this connection is adapted and
configured so that axial movement between tracking el-
ement 400 and occlusion catheter 300 is precluded. A
proximal edge of each finger 428 can be seen contacting
the distal-facing surface 422 of the shoulder in Figure
27B.
[0091] Figure 28A is a stylized pictorial view of a blood
vessel 30 having a wall 40 including an adventitia 42, a
media M, and an intima 44. In the embodiment of Figure
28A, an orienting element 202 of an orienting catheter
200 is disposed in an intrawall space S located between
the intima 44 and the adventitia 42 of blood vessel 30.
In the embodiment of Figure 28A, a portion of intima 44
has become separated from the other layers of blood
vessel wall 40. This situation may occur, for example,
when a physician has passed one or more prolapsed
guidewires between the intima and the adventitia.
[0092] Figure 28B is an additional stylized pictorial
view of blood vessel 30 shown in the previous figure. By
comparing Figure 28B with Figure 28A, it will be appre-
ciated that the volume of intrawall space S has been re-
duced substantially. Intima 44 can be seen contacting
orienting element 202 of orienting catheter 200 in Figure
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28B. In some useful methods, the volume of an intrawall
space S may be reduced by withdrawing fluid from the
intrawall space. Fluid may be withdrawn from intrawall
space S by drawing the fluid through central lumen 230
of orienting catheter 200. Fluid may also be withdrawn
from intrawall space S by drawing the fluid through the
aspiration lumen of an occlusion catheter 300 in accord-
ance with this detailed description.
[0093] Withdrawing fluid from intrawall space S may
reduce the pressure inside the intrawall space S to a
pressure less than the pressure in the true lumen distal
of the occlusion (e.g., below atrial pressure PA) so that
pressure inside the true lumen distal of the occlusion
presses the intima 44 of the blood vessel 30 against the
orienting element 202 of the orienting catheter 200. In
other words, the pressure on the intrawall side of the
intima 44 may be less than the pressure on the true lumen
side of the intima 44 distal of the occlusion. Withdrawing
fluid from the intrawall space S may be particularly ben-
eficial when the blood vessel wall has been dissected as
one or more prolapsed guidewires have passed through
it. More particularly, withdrawing fluid from the intrawall
space S may facilitate the use of fluoroscopic imaging
techniques when an elongated dissection is interfering
with the flow of radiopaque imaging media into a lumen
segment of the blood vessel. Additionally, withdrawing
fluid from the intrawall space S may facilitate the piercing
of intima 44 to complete a blood flow path extending be-
tween a proximal lumen segment and a distal lumen seg-
ment of the blood vessel.
[0094] From the foregoing, it will be apparent to those
skilled in the art that the present disclosure provides, in
exemplary non-limiting embodiments, devices and meth-
ods for the treatment of chronic total occlusions. Further,
those skilled in the art will recognize that aspects of the
present disclosure may be manifested in a variety of
forms other than the specific embodiments described and
contemplated herein. Accordingly, departures in form
and detail may be made without departing from the scope
of the present disclosure as described in the appended
claims.

Claims

1. A system for treating a blood vessel (30) including a
blood vessel wall (40) defining a blood vessel lumen
(34), the blood vessel lumen (34) being at least par-
tially obstructed by an occlusion (32), the occlusion
(32) dividing the lumen (34) into a proximal lumen
segment (36) and a distal lumen segment (38), the
system comprising:

an occlusion catheter (300) comprising a bal-
loon (302); the occlusion catheter (300) defining
an inflation lumen (328) disposed in fluid com-
munication with an interior of the balloon (302)
so that the balloon (302) can be selectively in-

flated by injecting an inflation fluid through the
inflation lumen (328);
the balloon (302), when in an inflated state, be-
ing sized so as to occlude the blood vessel lu-
men (34) to isolate a target volume (T) defined
by blood vessel tissues;
the occlusion catheter (300) defining an aspira-
tion lumen (308) disposed in fluid communica-
tion with a distal port (306) positioned so that
fluid can be withdrawn from the target volume
(T) and into the aspiration lumen (308), charac-
terized in that:
the system further comprises an orienting cath-
eter (200) including an orienting catheter shaft
(202) carrying an orienting element (204) and a
tracking element (402) advanceable along the
orienting catheter shaft (202); and in that:

the occlusion catheter further comprises a
coupling element (408; 406) configured to
engage a complementary coupling element
(406; 408) of the tracking element (402) to
form a connection (440) there between.

2. The system of claim 1, wherein the tracking element
(402) includes a tracking element lumen (404)
through which the orienting catheter shaft (202) ex-
tends through.

3. The system of claim 2, wherein the tracking element
lumen (404) is dimensioned so that the tracking el-
ement (402) is free to slide in proximal and distal
axial directions along the orienting catheter shaft
(202).

4. The system of claim 1, wherein the coupling element
(408; 406) of the occlusion catheter (300) is disposed
distal of the balloon (302).

5. The system of claim 1, wherein the orienting element
(204) comprises a first inflatable member (220) and
a second inflatable member (224), the first inflatable
member (220) extending from the orienting catheter
shaft (202) in a first direction (20), the second inflat-
able member (224) extending from the orienting
catheter shaft (202) in a second direction (22), the
second direction (22) being substantially opposite
the first direction (20).

6. The system of claim 5, wherein the first inflatable
member (220), the second inflatable member (224),
and the orienting catheter shaft (202) are monolithic.

Patentansprüche

1. System zur Behandlung eines Blutgefäßes (30) mit
einer Blutgefäßwand (40), die ein Blutgefäßlumen
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(34) bildet, wobei das Blutgefäßlumen (34) durch ei-
ne Okklusion (32) mindestens partiell obstruiert ist,
die Okklusion (32) das Lumen (34) in ein proximales
Lumensegment (36) und ein distales Lumenseg-
ment (38) teilt und das System aufweist:

einen Okklusionskatheter (300), der einen Bal-
lon (302) aufweist;
wobei der Okklusionskatheter (300) ein Befül-
lungslumen (328) bildet, das in Fluidkommuni-
kation mit einem Innenraum des Ballons (302)
so angeordnet ist, dass der Ballon (302) durch
Injizieren eines Befüllungsfluids durch das Be-
füllungslumen (328) selektiv befüllt werden
kann;
wobei in einem befüllten Zustand der Ballon (2)
so bemessen ist, dass er das Blutgefäßlumen
(34) okkludiert, um ein Zielvolumen (T) zu iso-
lieren, das durch Blutgefäßgewebe gebildet ist;
wobei der Okklusionskatheter (300) ein Aspira-
tionslumen (308) bildet, das in Fluidkommuni-
kation mit einem distalen Port (306) angeordnet
ist, der so positioniert ist, dass Fluid aus dem
Zielvolumen (T) und in das Aspirationslumen
(308) gesaugt werden kann, dadurch gekenn-
zeichnet, dass:

das System ferner einen Orientierungska-
theter (200) mit einem Orientierungskathe-
terschaft (202) aufweist, der ein Orientie-
rungselement (204) und ein Nachführele-
ment (402), das entlang des Orientierungs-
katheterschafts (202) vorschiebbar ist, auf-
weist; und dadurch, dass:

der Okklusionskatheter ferner ein Kop-
pelelement (408; 406) aufweist, das so
konfiguriert ist, dass es einen Eingriff
mit einem komplementären Koppelele-
ment (406; 408) des Nachführelements
(402) herstellt, um eine Verbindung
(440) dazwischen zu bilden.

2. System nach Anspruch 1, wobei das Nachführele-
ment (402) ein Nachführelementlumen (404) auf-
weist, durch das sich der Orientierungskatheter-
schaft (202) erstreckt.

3. System nach Anspruch 2, wobei das Nachführele-
mentlumen (404) so dimensioniert ist, dass das
Nachführelement (402) entlang des Orientierungs-
katheterschafts (202) in proximaler und distaler Axi-
alrichtung frei gleiten kann.

4. System nach Anspruch 1, wobei das Koppelelement
(408; 406) des Okklusionskatheters (300) distal vom
Ballon (302) angeordnet ist.

5. System nach Anspruch 1, wobei das Orientierungs-
element (204) ein erstes befüllbares Teil (220) und
ein zweites befüllbares Teil (224) aufweist, wobei
sich das erste befüllbare Teil (220) vom Orientie-
rungskatheterschaft (202) in einer ersten Richtung
(20) erstreckt, sich das zweite befüllbare Teil (224)
vom Orientierungskatheterschaft (202) in einer zwei-
ten Richtung (22) erstreckt und die zweite Richtung
(22) im Wesentlichen entgegengesetzt zur ersten
Richtung (20) ist.

6. System nach Anspruch 5, wobei das erste befüllbare
Teil (220), das zweite befüllbare Teil (224) und der
Orientierungskatheterschaft (202) monolithisch
sind.

Revendications

1. Système pour traiter un vaisseau sanguin (30) com-
portant une paroi de vaisseau sanguin (40) définis-
sant une lumière de vaisseau sanguin (34), la lumiè-
re de vaisseau sanguin (34) étant au moins partiel-
lement obstruée par une occlusion (32), l’occlusion
(32) divisant la lumière (34) en un segment de lu-
mière proximal (36) et un segment de lumière distal
(38), le système comprenant :

un cathéter d’occlusion (300) comprenant un
ballonnet (302) ;
le cathéter d’occlusion (300) définissant une lu-
mière de gonflage (328) disposée en communi-
cation fluide avec un intérieur du ballonnet (302)
de sorte que le ballonnet (302) peut être gonflé
sélectivement en injectant un fluide de gonflage
à travers la lumière de gonflage (328) ;
le ballonnet (302), lorsqu’il est dans un état gon-
flé, étant dimensionné de sorte à occlure la lu-
mière de vaisseau sanguin (34) pour isoler un
volume cible (T) défini par les tissus du vaisseau
sanguin ;
le cathéter d’occlusion (300) définissant une lu-
mière d’aspiration (308) disposée en communi-
cation fluide avec un orifice distal (306) position-
né de sorte que du fluide peut être retiré du vo-
lume cible (T) et entrer dans la lumière d’aspi-
ration (308), caractérisé en ce que :

le système comprend en outre un cathéter
d’orientation (200) comportant une tige de
cathéter d’orientation (202) portant un élé-
ment d’orientation (204) et un élément de
suivi (402) pouvant être avancé le long de
la tige de cathéter d’orientation (202) ; et en
ce que :

le cathéter d’occlusion comprend en
outre un élément de couplage (408 ;
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406) configuré pour se mettre en prise
avec un élément de couplage complé-
mentaire (406 ; 408) de l’élément de
suivi (402) pour former une liaison
(440) entre eux.

2. Système selon la revendication 1, dans lequel l’élé-
ment de suivi (402) comporte une lumière d’élément
de suivi (404) à travers laquelle s’étend la tige de
cathéter d’orientation (202).

3. Système selon la revendication 2, dans lequel la lu-
mière d’élément de suivi (404) est dimensionnée de
sorte que l’élément de suivi (402) est libre de glisser
dans des directions axiales proximale et distale le
long de la tige de cathéter d’orientation (202).

4. Système selon la revendication 1, dans lequel l’élé-
ment de couplage (408 ; 406) du cathéter d’occlu-
sion (300) est disposé de manière distale par rapport
au ballonnet (302).

5. Système selon la revendication 1, dans lequel l’élé-
ment d’orientation (204) comprend un premier élé-
ment gonflable (220) et un second élément gonflable
(224), le premier élément gonflable (220) s’étendant
à partir de la tige de cathéter d’orientation (202) dans
une première direction (20), le second élément gon-
flable (224) s’étendant à partir de la tige de cathéter
d’orientation (202) dans une seconde direction (22),
la seconde direction (22) étant sensiblement oppo-
sée à la première direction (20).

6. Système selon la revendication 5, dans lequel le pre-
mier élément gonflable (220), le second élément
gonflable (224) et la tige de cathéter d’orientation
(202) sont monolithiques.
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