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(7) ABSTRACT

Methods and devices for separating plaque from vessel walls
using everting membranes. Everting tubes disposed on cath-
eters are used in one embodiment of the invention to
separate plaque from blood vessel walls. One embodiment
of the invention utilizes a single everting membrane includ-
ing a fixed portion, a leading edge, and an advancing
portion. The everting tube can have an interior which can be
pressurized to propel the everting tube distal edge distally
onward, so as to separate the plaque from the vessel inner
wall. One device has double everting membranes fixedly
attached to a tubular member and having facing advancing
membrane portions which may be proximally fixed relative
to one another, but are preferably both free to travel distally.
The outermost tube can be laid down over the vessel inner
wall and the innermost tube laid down over the plaque, with
the advancing surfaces of each everting membrane facing
each other. Fluid can be supplied under pressure to fill the
interior of the everting tubes and thereby distally advance
the tube leading edges. The present invention may be used
in conjunction with distal emboli capturing filter or distal
occlusion devices.

11 Claims, 6 Drawing Sheets
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1
PERCUTANEOUS ENDARTERECTOMY

FIELD OF THE INVENTION

The present invention is related generally to medical
devices. More specifically, the present invention includes
intravascular devices and catheters for performing endart-
erectomy.

BACKGROUND OF THE INVENTION

Arteriosclerosis is a common vascular disease in which
blood vessels become hardened and blocked or partially
blocked by plaque that can substantially reduce blood flow.
The accumulation of plaque is often a major factor in the
occurrence of myocardial infarction, stroke, and high blood
pressure.

To treat arteriosclerosis, minimally invasive techniques
have been developed. One minimally invasive technique
utilizes percutaneous transluminal coronary angioplasty
(PTCA) which can include expanding a balloon under
pressure within a coronary artery, and dilating a narrowed
area of that artery. While PTCA procedures can significantly
dilate narrowed coronary arteries, the treated vessel region
may become narrow again in a process known as restenosis.
In a substantial percentage of PTCA procedures, the dilated
vessel region becomes restenosed.

Another example of a minimally invasive technique is
atherectomy. In an atherectomy procedure, a guide catheter
can be inserted into the patient’s femoral artery and
advanced until the distal end of the guide catheter is dis-
posed near the patient’s ostium or coronary artery. A
guidewire can be inserted into the guide catheter and further
advanced into the coronary artery, distally past the occluded
region. A therapeutic atherectomy catheter having an
atherectomy burr may be advanced over the guidewire,
through the guide catheter, and to the narrowed region. The
atherectomy burr can be rotated at high speed, causing the
plaque to be removed in small particles as the plaque is
abraded by the atherectomy burr.

Endarterectomy techniques have been utilized in open
chest surgeries. In the endarterectomy technique, an artery
may be slit longitudinally along its length by a surgeon,
commonly after clamping opposite ends of the exposed
vessel. The surgeon may strip the internal plaque away from
the vessel walls, and remove the plaque from the vessel
through the slit. A significant cleaning procedure typically
follows the removal procedure to increase the chance of
success. In a high percentage of cases, the vessel thus treated
may remain potent for a long time period, rather than rapidly
becoming restenosed.

What would be desirable are endarterectomy techniques
and devices for performing endarterectomy intravascularly.
In particular, what would be advantageous are techniques for
performing intravascular endarterectomy using a distant
entry site, such as a radial artery entry near the groin.

SUMMARY OF THE INVENTION

The present invention includes methods and devices for
removing plaque and separating plaque from blood vessels
using everting membranes. In one method according to the
present invention, an everting membrane is provided and
distally advanced through a vessel having a plaque deposit
along the vessel wall. The everting membrane may be
considered to have a distally advancing portion, a distally
leading edge, and a non-advancing portion, where the
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advancing portion is distally advanced into the vessel. As the
advancing portion is distally advanced into the vessel, the
leading edge is distally advancing into the vessel as well. As
the advancing membrane portion and leading edge are
advanced into the vessel along the vessel inner wall, the
everting membrane advances between the plaque and the
vessel inner wall, thereby separating the plaque from the
inner wall. The non-advancing portion can be effectively
laid down over either the vessel inner wall or plaque outer
walls, depending on orientation. After separation, the sepa-
rated plaque may be removed from the vessel.

One device according to the present invention has a
tubular member having a single everting membrane, the
membrane having an interior in fluid communication with a
fluid source. The fluid may be supplied through a fluid
lumen, thereby supplying the everting membrane interior
with fluid under pressure. The pressurized fluid may then
cause the everting membrane to travel distally. The distally
traveling membrane leading edge may be used to separate
the plaque from the vessel inner wall. In one embodiment of
the invention, the everting membrane has a more proximal
section slidably and sealingly disposed along the tubular
member inner wall.

One double everting membrane device according to the
present invention includes an inner tube and an outer tube,
with the inner tube having an inner fold and the outer tube
having an outer fold. The inner and outer folds may be
joined and/or simply travel together at a more proximal
location. The inner and/or outer folds preferably have inte-
rior portions which may be provided with fluid under
pressure, thereby causing the inner and outer folds to travel
distally. The inner and outer folds may be considered to have
facing advancing portions, leading edge distally advancing
portions, and relatively non-advancing portions which will
unfold and be laid down against the vessel inner wall and the
outer wall of the newly separated plaque. The pair of
everting membranes may thus be deployed to separate the
plaque from the inner wall. After separation, the everted
membranes having the plaque disposed within the inner fold
may be removed from the formerly constricted vessel site.

Everting membranes in some methods according to the
present invention may be used in conjunction with more
distally positioned emboli filters. The deployed emboli fil-
ters may provide additional assurance of optimal results
during the treatment. In one method, the emboli filter and
percutaneous endarterectomy catheter are advanced over a
guidewire positioned within the coronary artery from a
femoral groin entry site. The present invention allows the
stripping or removal of plaque from within coronary and
other arteries using an intravascular device, not requiring
open chest surgery.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a highly diagrammatic, longitudinal, cross-
sectional view of a pair of everting membranes in a first,
proximal position;

FIG. 2 is a highly diagrammatic, longitudinal, cross-
sectional view of the everting membranes of FIG. 1, shown
in a more distally advanced position;

FIG. 3 is a highly diagrammatic, longitudinal, cross-
sectional view of a catheter proximal region having a single
fold everting membrane;

FIG. 4 is a transverse, cross-sectional view taken through
line 4—4 of FIG. 3;

FIG. 5 is a transverse, cross-sectional view taken through
line 5—S5 of FIG. 3;












