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(57) Abstract

Intravascular catheters and a method for the treatment of a stenosis or an
occlusion in a blood vessel. A main catheter (406) is first delivered to a site proximal
to the occlusion (410). The main catheter (406) may include an occlusive device
(408) at its distal end. An inner catheter or guidewire (420) having an occlusive
device (422) at its distal end is delivered to the site of the occlusion (410), and the
occlusive device (422) is activated at a site distal to the occlusion (410). A therapy
catheter is then introduced to treat the occlusion (410). Next, an intermediate catheter
(424) is delivered just proximal to the occlusive device (422), and the intermediate
catheter (424) is used to aspirate the area removing particles and debris. Following
the aspiration, the intermediate catheter (424) may be used to irrigate the area if
desired. The aspiration and optional irrigation steps are preferably repeated until the
particles and debris are removed. The catheter and method provide for minimally
invasive devices and procedures which can be performed quickly and efficiently,

with reduced risks to the patient.
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CATHETER SYSTEM FOR CONTAINING AND REMOVING VASCULAR OCCLUSIONS

Background of the Invention
Field of the Invention

The present invention relates to intravascular catheters and a method for containing and removing emboli,
thrombi, plaque, and other types of particles and debris from the carotid arteries and other arteries above the aortic
arch during diagnostic and therapeutic procedures.

Description of the Related Art

Human blood vessels often become occluded or completely blocked by plague, thrombi, other deposits, emboli
or other substances, which reduce the blood carrying capacity of the vessel. Should the blockage occur at a critical
place in the circulatory system, serious and permanent injury, or even death, can occur. To prevent this, some form
of medical intervention is usually performed when significant occlusion is detected.

The carotid arteries are the main vessels which supply blood to the brain and face. The common carotid
artery leads upwards from the aortic arch, branching into the internal carotid artery which feeds the brain, and the
external carotid artery which feeds the head and face. The carotid arteries are first narrowed and may eventually
be almost completely blocked by plaque, and may further be complicated by the formation of thrombi (blood clots)
on the roughened surfaces of the plagues. Narrowing or blockage of the carotid arteries is often untreatable and
can result in devastating physical and cognitive debilitation, and even death.

Various types of intervention techniques have been developed which facilitate the reduction or removal of
the blockage in the blood vessel, allowing increased blood flow through the vessel. One technique for treating
stenosis or occlusion of a blood vessel is percutaneous balloon angioplasty. A balloon catheter is threaded through
the patient’s arterial system and inserted into the narrowed or blocked area, and the balloon is inflated to expand
the constricted area. The fear of dislodging an embolus from an ulcerative plague and the severe resulting
consequences, however, has prevented the widespread use of angioplasty in the carotid arteries. Because of the
potential complications, the options for minimally invasive treatment of the carotid arteries are severely limited.

Carotid endarterectomy is another type of intervention for removal of blockages from the carotid arteries.
In endarterectomy, the carotid bifurcation is exposed through an incision in the neck of the patient. Clamps are
placed on either side of the occlusion to isolate it, and an incision made to open the artery. The occlusion is
removed, the isolated area irrigated and aspirated, and the artery sutured closed. The clamps are removed to
reestablish blood flow through the artery. In carotid endarterectomy, the emboli and debris are contained and
directed by activating and deactivating the clamps. For example, after the clamps are in place, one on the common
carotid artery and one on the internal carotid artery, the particles are contained between the two clamps. After the
occlusion is removed, the clamp on the common carotid artery is opened, allowing blood to flow into the previously
isolated area toward the clamp on the internal carotid. This blood fiow is then aspirated through an external
aspiration tube. The common carotid artery is then reclamped, and the clamp on the internal carotid opened. This

causes blood to flow into the previously isolated area toward the clamp on the common carotid artery. The flow
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is then aspirated. The clamp on the internal carotid artery is closed, and the artery is sutured closed. This method
allows for the flushing of debris into the area where aspiration occurs.

Alternatively, this method of clamping and unclamping the carotid arteries can be done after the incision
in the artery is sutured closed. Using this method, it is hoped that any particles in the internal carotid artery will
be forced back to the common carotid artery, then into the external carotid area, where serious complications are
unlikely to arise from emboli.

Carotid endarterectomy is not without the serious risk of embolization and stroke caused by particles of
the blocking material and ether debris moving downstream to the brain, however. There is therefore a need for
improved intravascular catheters and methods of treatment for occluded carotid arteries which decrease the risks
to the patient.

Summary of the invention

In a preferred embodiment, the catheters and method of the present invention provide for the removal of
plague, thrombi, emboeli and other types of cbstructions or occlusions from the carotid arteries and other blood
vessels above the aortic arch. At least one catheter having an occlusive device such as a balioon or filter, a therapy
catheter to treat the occlusion, and a source of aspiration to remove the debris created by the therapy are used.
By utilizing the fluid pressure and flow within the blood vessel, the need for a separate irrigation catheter and
irrigation fluid may be eliminated. Alternatively, irrigation fluid may be provided to flush the area. The catheters
and method allow for the removal of occlusions more rapidly, and less invasively than known devices and methods.
The minimally invasive treatment can be provided at low cost and at relatively low risk to the patient.

In accordance with one aspect of the present invention, there is provided a kit comprising a combination
of a main catheter having an occlusive device, an inner catheter having an occlusive device, a therapy catheter, and
an aspiration catheter. These catheters are all moveable relative to one another and independently manipulatable.
In a preferred embodiment, the kit is used in a method for the treatment of an occlusion in a carotid artery. The
inner catheter bearing an occlusive device preferably comprises an elongated tubular body, an inflatable balloon
mounted on the distal end the tubular body, a core-wire joined to the distal end of the tubular bedy, and a coil
member disposed about the core-wire. The aspiration catheter preferably comprises an elongate hollow shaft, a distal
tip adapted for aspiration therethrough, and a proximal end adapted for connection with a source of negative
pressure.

In accordance with another aspect of the present invention, there is provided a method for treatment of
an occlusion in a carotid artery. A main catheter having a first occlusive device on its distal end is inserted into
the artery, until the occlusive device is proximal to the occlusion. The first occlusive device is activated to occlude
the artery proximal to the occlusion. An inner catheter having a second occlusive device on its distal end is inserted
into the artery across the occlusion, until the occlusive device is distal to the occlusion. The second occlusive device
is then activated to occlude the artery distal to the occlusion and create a working area surrounding the occlusion.

By occlusive device is meant any device which is capable of preventing at least some particles or other debris from
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migrating downstream. Examples of occlusive devices include inflatable balloons, filters or braids, or other mechanical
devices.

A therapy catheter is then inserted into the working area and used to treat the occlusion. Appropriate
treatment can include direct drug delivery to the site of the occlusion, angioplasty, cutting, scraping or pulverizing
the occlusion, ablating the occlusion using ultrasound or a laser, deploying a stent within the artery, use of a
thrombectomy or rheolitic device, or other treatments. Following treatment of the occlusion, the therapy catheter
is removed. An aspiration catheter is then delivered to the working area, and the first occlusive device is deactivated
to allow blood flow into the working area. Blood flow from collateral vessels prevent the movement of particles and
debris downstream where they could cause serious complications. The blood flow also acts as irrigation fluid to
create turbulence within the area. Aspiration of the working area is then performed to removed particles and debris.
Aspiration can occur simultaneously with the deactivating of the first occlusive device, if desired. Alternatively, either
step can be performed first.

The method of the present invention preferably includes the steps of activating and deactivating the
occlusive devices more than once. After the first occlusive device is deactivated to allow blood fiow into the area,
the occlusive device is reactivated. The second occlusive device is then deactivated, to allow blood flow in from
the distal end of the working area. The second occlusi\)e device is reactivated, and these steps can be repeated any
number of times until sufficient irrigation and aspiration of the working area occurs.

In another embodiment of the present invention, the method is performed within the two branches of the
carotid artery. The first inner catheter with its occlusive device is delivered into one branch, while a second inner
catheter having a third occlusive device on its distal end is delivered into the other branch to occlude it. Aspiration
then occurs in both branches of the artery to remove particles and debris.

In yet another embodiment of the present invention, aspiration occurs through the main catheter, and a
separate aspiration catheter is not required. Following removal of the therapy catheter, and deactivation of the first
occlusive device to allow blood flow into the working area, aspiration occurs through the distal end of the main
catheter. This eliminates the need to deliver a separate aspiration catheter, thus saving time which is critical in
these types of procedures.

If desired, an irrigation catheter can be delivered into the working area following the removal of the therapy
catheter. The irrigation catheter is used to deliver irrigation fluid to the working area. Aspiration then occurs
through the distal end of the main catheter. In this case, anatomical irrigation (the use of the patient’s own blood
flow for irrigation) as described above, is not used.

Yet another embodiment of the present invention incorporates the use of a single occlusive device. Using
this method, a main catheter or guide catheter is first delivered into the carotid artery, with the distal end positioned
just proximal to the occlusion. An inner catheter having an occlusive device on its distal end is then positioned with
the occlusive device distal to the occlusion. The occlusive device is activated to occlude the artery distal to the

occlusion. A therapy catheter is delivered into the artery until it reaches the occlusion and therapy is performed to

reduce or eliminate the occlusion. The therapy catheter is removed, and an intermediate catheter is delivered to a
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position proximal to the occlusive device. Preferably, the distance between the proximal end of the occlusive device
and the distal end of the intermediate catheter is narrowed at one point during aspiration to a distance of about 2
centimeters or less. The area just proximal to the occlusive device is aspirated, using the intermediate catheter, and
then irrigated. The aspirating and irrigating steps can be repeated as often as necessary to facilitate the removal
of particles and debris.

In another embodiment, the intermediate catheter has two or more lumens, such that aspiration and
irrigation occur through different lumens within the same catheter. This prevents the possibility that aspirated
particles will be flushed back into the patient when irrigation is begun.

in alternate embodiments of the present invention, two and even three occlusive devices are employed. In
the case of two occlusive devices, a main or guide catheter with an occlusive device on its distal end is delivered
to the common carotid artery and the occlusive device is activated. Next, an inner catheter with an occlusive device
is delivered distal to the occlusion in the internal carotid artery and activated, thus isolating the occlusion between
the two occlusive devices. Therapy is performed on the occlusion, followed by aspiration, and irrigation if desired.

In some cases, three occlusive devices are used. In this method, following activation of the occlusive device
in the common carotid artery, an inner catheter with an occlusive device is delivered to the external carotid artery
and the occlusive device activated. Next, a second inner catheter is delivered to the internal carotid artery past the
site of the occlusion and the occlusive device activated to occlude the internal carotid artery. Alternatively, the first
inner catheter and occlusive device is delivered to the internal carotid artery and activated, followed by delivery and
activation of the second inner catheter and occlusive device in the external carotid artery. In either case, the
occlusion is completely isolated between the three occlusive devices. This is followed by therapy on the occlusion
and sequential aspiration and irrigation as desired.

Accordingly, the present invention provides for very fast and efficient treatment of an occlusion within a
carotid artery. The patient’s own blood can provide the irrigation fluid, thereby eliminating the need for a separate
irrigation catheter and supply of irrigation fluid. By performing repeated activation and deactivation of the occlusive
devices surrounding the working area, efficient clearance of the working area occurs. By reducing the number of
devices needed to be inserted into the patient, the present invention reduces the amount of time required to complete
the procedure, and allows the physician to restore normal blood flow in the vessel in a very short period of time.
By performing a minimally invasive procedure, the risks and trauma to the patient are decreased, the costs of the
procedure are lower, and the trauma and recovery time is greatly improved.

Brief Description of the Drawings

FIGURE 1 is a perspective drawing of the carotid arteries.

FIGURE 2 is a side view of a main catheter suitable for use in the present invention.

FIGURE 3 is a cross-sectional view of the main catheter taken along line 3-3 of FIGURE 2.

FIGURE 4 is a cross-sectional view of the main catheter taken along line 4-4 of FIGURE 2.

FIGURE 5 is a side view of the distal end of an inner catheter for use in the present invention.

FIGURE 6 is a partial cross-sectional view of the inner catheter taken along line 6-6 of FIGURE 5.
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FIGURE 7 is a side view of an over-the-wire aspiration catheter for use in the present invention.

FIGURE 8 is a cross-sectional view of the over-the-wire aspiration catheter taken along line 8-8 in FIGURE

FIGURE 9 is a cross-sectional view of the over-the-wire aspiration catheter taken along line 8-8 in FIGURE
7, showing a guidewire inserted there through.

FIGURE 10 is a side view of a single operator aspiration catheter for use in the present invention.

FIGURE 11 is a cross-sectional view of the single operator aspiration catheter taken along line 11-11 in
FIGURE 10.

FIGURE 12 is a side view of an over-the-wire irrigation or aspiration catheter for use in the present
invention.

FIGURE 13 is a side view of a single operator irrigation catheter for use in the present invention.

FIGURES 14 through 16A are cross-sectional views of the single operator irrigation catheter taken aleng
lines 14-14, 15-15 and 16A-16A of FIGURE 13. v

FIGURE 17 is a perspective view of one embodiment of the embali containment and removal method of the
present invention being performed within a carotid artery.

FIGURE 18 is a perspective view of another embodiment of the emboli containment and removal method
of the present invention.

FIGURE 19 is a perspective view of yet another embodiment of the emboli containment and removal method
which employs a single occlusive device.

FIGURE 20 is a perspective view of the emboli containment and removal method illustrated in FIGURE 18,
showing the use of an intermediate catheter.

FIGURE 21 is a perspective view of still another embodiment of the emboli containment and removal method
which employs two occlusive devices.

Detailed Description of the Preferred Embodiment

The present invention provides intravascular catheters and a method for containing and remaving emboli,
plague, thrombi or other occlusions from a carotid artery and other arteries above the aortic arch. In a preferred
embodiment, the catheters and method are used in the treatment of a stenosis or an occlusion in a carotid or other
artery in which the stenosis or occlusion has a length and a width or thickness which at least partially occludes the
vessel's lumen. Thus, the catheters and method are effective in treating both partial and substantially complete
occlusions of arteries. It is to be understood that "occlusion” as used herein, includes both complete and partial
occlusions, stenoses, embali, thrombi, plaque, and any other substance which at least partially occludes the lumen
of the artery.

As illustrated in FIGURE 1, the common carotid artery 10 is located in the neck and branches off into the
internal carotid 12, and the external carotid 14 arteries. The internal carotid artery 12 supplies blood to the brain,

while the external carotid artery 14 supplies blood to the head and face. In accordance with one aspect of the
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present invention, a method will be described for the treatment of an occlusion within the internal carotid artery.
It is to be understood that this method can be used on other arteries as well.

Generally, the method described involves the percutaneous treatment, containment and removal of occlusions
within the carotid arteries or other arteries above the aortic arch. In one embodiment, a main catheter having an
occlusive device on its distal end is first delivered to the common carotid artery, proximal to the site of the occlusien.
It should be noted that, as used herein, "proximal" refers to the portion of the apparatus closest to the end which
remains outside the patient’s body, and "distal” refers to the portion closest to the end inserted into the patient’s
body. The occlusive device is activated to stop the downstream flow of blood. Collateral pressures from the Circle
of Willis and other vessels keep the blood flow in the direction of the main catheter, preventing any emboli from
moving downstream. in another embodiment, a main catheter without an occlusive device on its distal end, or a main
catheter having an occlusive device which is not deployed, is delivered to the common carotid artery, proximal to
the site of the occlusion.

In either case, an inner catheter having an occlusive device on its distal end is delivered through the main
catheter and across the site of the occlusion. Alternatively, a detachable occlusive device can also be used in the
present inventien. In either case, the occlusive device is activated at a site distal to the occlusion.

In some cases, a second inner catheter is used to provide a third occlusive device. One inner catheter is
delivered to the internal carotid artery, while the other inner catheter is delivered to the external carotid artery.
When activated, the three occlusive devices completely isolate the area surrounding the occlusion to be treated.

A therapy catheter is then delivered to the site of the occlusion to treat the occlusion. Such treatment
includes, but is not fimited to, balloon angioplasty, thermal balioon angioplasty, delivery of an intravascular stent,
atherectomy, or radiation treatment.

in one embadiment of the present invention, once therapy is complete, an irrigation catheter is delivered
into the working area to provide irrigation fluid. Alternatively, anatomical irrigation can be used, as explained below.
Aspiration of the area surrounding the treated occlusion is begun using either the main catheter or a separate
aspiration catheter. Blood flow is allowed into the working area to be aspirated by deactivating the occlusive
devices on the main andor inner catheters. This helps to irrigate the area and ensure the removal of particles and
debris from the artery.

In another embodiment of the present invention, the need for a separate irrigation catheter and irrigation
fluid are eliminated. In the context of removing plague, thrombi or other blockages from blood vessels, separate
irrigation fluid is generally provided through an irrigation catheter to the site of treatment. It has been discovered
that the patient’s own blood can be used as irrigation fluid, without the need for delivery of a separate irrigation
catheter and irrigation fluid.

Although the patient’s own flow of blood can provide an irrigation source, situations sometime arise where
providing separate irrigation fluid is desired. In such cases a separate catheter is introduced into the patient after
the therapy catheter is removed and is delivered within close proximity to the occlusive device. Once the catheter

is deliver‘ed‘proximal to the occlusive device, the area is first aspirated through the catheter. By delivering the
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catheter close to the occlusive device a turbulence is created freeing debris from the edge of the occlusive device
and other areas where it may be trapped. The debris is then aspirated from the patient. Following aspiration,
irrigation fluid is provided if desired to flush any remaining particles and debris from the internal carotid.
Apparatus Used With the Present Invention
Main Catheter

To remove or reduce vascular occlusions, a main or guide catheter is first introduced into the patient’s
vasculature and can be used to guide the insertion of other catheters and devices to the desired site. In some
embodiments of the present invention, the main catheter has an occlusive device on its distal end. The occlusive
device can be an inflatable balloon, filter, expandable braid or other mechanical occiusive device. The occlusive device
should be capable of preventing the migration of particles and debris from the working area, either through total or
partial occlusion of the vessel. Note that the occlusion of the vessel need not be complete. Substantial occlusion
of the vessel can be sufficient for purposes of the present invention. The catheter should be sized so as to slidably
receive the inner, therapy and intermediate (irrigation andfor aspiration) catheters inserted therethrough.

FIGURE 2 illustrates a side view of a catheter which can be used as the outer or main catheter of the
present system. Catheter 110 generally comprises an elongate flexible tubular body 116 extending between a
proximal control end 112 and a distal functional end 114. The tubular body 116 has a main lumen 130 which
extends between the ends 112 and 114. The main lumen 130 terminates in a proximal opening 123 and a distal
opening 127. A smaller inflation fumen 132, configured in a side-by-side relationship with the main lumen 130,
extends along the length of the tubular body 116, and terminates within an occlusion balloon 126 mounted on the
distal end 114 of the catheter 110, as described below. The inflation lumen 132, illustrated in FIGURES 3 and 4,
is in fluid communication with the occlusion balloon 126, such that fluid passing through the inflation lumen 132
may be used to inflate or deflate the balloon 126. The proximal end of the inflation lumen can terminate at one
of the ports 122, 124 on the proximal end of the catheter 110.

A control manifold 119 is provided at the proximal end 112 of the catheter 110. The control manifold

119 is generally provided with a number of ports to provide access to the catheter lumen 130. For example, for
the embodiment depicted in FIGURE 2, the control manifold 119 is provided with a catheter end-access port 122 and
a catheter side-access port 124, to provide an introduction point for the insertion of other catheters into the lumen
130. Ports 122 and 124 are preferably provided with standard Touhy Borst connectors, although other types of
connectors may be used. An infiation port 118, in fluid communication with the small inflation lumen 132, is further
provided on the manifold 119 for attachment of devices to inflate or deflate the occlusion balloon 126. The manifold
119 is also provided with an irrigation/aspiration port 120 which is in fluid communication with the lumen 130, for
attachment of devices to provide irrigation fluid or aspiration pressure. Other embodiments of the main catheter 110
may feature more or less ports, depending upon the number of lumen in the catheter and the desired functionalities
of the catheter.

The manifold 119 is preferably formed out of hard polymers or metals, which possess the requisite

structural integrity to provide a functional access port to the catheter lumen, such as for balloon inflation or delivery
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of irrigation fiuid and/or aspiration pressure. In one preferred embodiment, the manifold 119 is integrally formed out
of polycarbonate. Of course, any suitable material may be used to form the manifold 119, including acrylonitrile
butadiene styrene (ABS).

As illustrated in FIGURE 2, an inflatable balloon 126 is mounted on the distal end 114 of the catheter 110.
The inflatable balloon 126 will function as an occlusion balloon, to prevent blood and debris from passing through
the blood vessel distal to the balloon 126. Thus, the inflatable balloon 126 is preferably able to expand to fit a
varigty of different blood vessel diameters. Accordingly, it is preferred that the inflatable balloon 126 have a
compliant expansion profile, tending to increase in radial diameter with increasing inflation pressure. To achieve this,
the balloon 126 may be made out of materials which impart such expansion characteristics, including elastomeric
materials such as latex or irradiated polyethylene. In one preferred embodiment, the inflatable balloon 126 is formed
out of a material comprising a block copolymer of styrene-ethylene-butylene-styrene, sold under the trade name C-
FLEX. Non-compliant balloons, such as those made from PET can also be used.

Alternatively, as illustrated in FIGURES 19-20, the main catheter 406 does not include a distal occlusive
device, or the distal occlusive device on the main catheter is not used.
inner Catheter

An inner catheter or guidewire having an occlusive device on its distal end is also used. The inner catheter
is preferably made of metals such as stainless steel or nitinol, or plastics or composites. The occlusion removal can
be effectively carried out using a number of guidewires or catheters that perform the function of occluding the vessel
and allowing for the slidable insertion of various other catheters and devices. The term "catheter” as used herein
is therefore intended to include both guidewires and catheters with these desired characteristics.

A preferred inner catheter for use in the present invention is illustrated in FIGURES 5 and 6. The catheter
apparatus 310 is generally comprised of four communicating members including an elongated tubular member 314,
an inflatable balloon member 316, a core-wire member 320 and a coil member 322. The catheter apparatus 310
is preferably provided with an outer coating of a lubricous material, such as TEFLON.

The body member 314 of the catheter apparatus 310 is in the form of hypotubing and is provided with
proximal and distal ends 314A and 314B as well as an inner lumen 315 extending along the tubular member 314.
The balloon member 316 is coaxially mounted on the distal end 314B of the tubular member 314 by suitable
adhesives 319 at a proximal end 316A and a distal end 316B of the balloon member 316 as in the manner shown
in FIGURE 6. The core-wire member 320 of the catheter 310 may be comprised of a flexible wire 320. The flexible
wire 320 is joined by adhesives, soldering, brazing or crimping at a proximal end 320A of the flexible wire 320 to
the distal end 314B of the tubular member 314 as in the manner show in FIGURE 6.

Preferably, the proximal end 320A of the flexible wire 320 has a transverse cross sectional area
substantially less than the smallest transverse cross-sectional area of the inner lumen 315 of the tubular member
314. In the preferred embodiment, the flexible wire 320 tapers in the distal end 320B to smaller diameters to
provide greater flexibility to the flexible wire 320. However, the flexible wire may be in the form of a solid rod or

a ribbon or i:ombinations thereof.
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As shown in FIGURE 6, the distal end 320B of the flexible wire 320 is secured to a rounded plug 318 of
solder or braze at the distal end 322B of the coil member 322. The coil member 322 of the catheter 310 may be
comprised of a helical coil 322. The coil member 322 is coaxially disposed about the flexible wire 320, and is
secured to the flexible wire 320 by soldering, brazing or adhesives at about the proximal end 320A of the flexible
wire 320 as in the manner shown in FIGURE 6.

The balloon member 316 is preferably a compliant balloon formed of a suitable elastic material such as a
latex or the like, but can be made of non-compliant materials as well. The flexible coil 322 is preferably formed of
a wire of platinum based alloys or gold. The flexible core-wire 320 and the tubular member 314 are preferably
formed of a nickel-titanium alloy or stainless steel.

Once the inner catheter has been properly positioned inside the carotid artery at a point distal to the
occlusion, the occlusive device at the distal end of the inner catheter is actuated to occlude the vessel distal to the
existing occlusion to create a working area. When a detachable occlusive device is used, the occlusive device is
positioned at a point distal to the occlusion to be treated, and activated to occlude the artery. It is to be understood
that the stenosis or occlusion could be in a discrete location or diffused within the artery. Therefore, although
placement of the occlusive device is said to be distal to the stenosis or occlusion to be treated, portions of the
diffused stenosis or occlusion may remain distal to the occlusive device.

Therapy Catheter

After the area surrounding the occlusion has been isolated, a therapy catheter then is delivered to the site
of the occlusion. The term "therapy catheter” is meant to include any of a number of known devices used to treat
an occluded vessel. For example, a catheter carrying an inflatable balloon for use in balloon angioplasty can be
delivered to dilate the occlusion. Thermal balloon angioplasty includes the use of heat to "mold" the vessel to the
size and shape of the angioplasty balloon. Similarly, an intravascular stent can be delivered via a balloon catheter
and deployed at the site of the occlusion to keep the vessel open. Cutting, shaving, scraping or pulverizing devices
can be delivered to excise the occlusion in a procedure known as atherectomy. A laser or ultrasound device can also
be delivered and used to ablate plague in the vessel. Thrombectomy devices can be used, as can rheolitic devices,
and devices which create a venturi effect within the artery. Various thrombolytic or other types of drugs can be
delivered locally in high concentrations to the site of the occlusion. It is also possible to deliver various chemical
substances or enzymes via a catheter to the site of the stenosis to dissolve the obstruction. The term “therapy
catheter” encompasses these and similar devices.

Aspiration and lrrigation Catheters

After the therapy has been performed and the occlusion has been treated using any of the methods and
apparatus described above, the working area is aspirated to remove fluid and debris. Aspiration can be provided
through the main catheter if desired. A source of negative pressure is attached at the proximal end of the main
catheter, and fluid and debris are aspirated through the main catheter's main lumen. Alternatively, an aspiration
catheter or similar debris removing device can be delivered to the working area to remove particies and any other

debris. The term “aspiration catheter” includes any device which creates an area of fluid turbulence and uses
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negative pressure to aspirate fluid and debris, and includes thrombectomy catheters, rheolitic devices and those
devices which create a venturi effect within the vessel. Thus, it is possible that a single catheter is used as both
the therapy catheter and the aspiration catheter.

A preferred aspiration catheter is illustrated in FIGURE 7. The catheter 260 includes an adapter 262 and
a seal at its proximal end. The catheter 260 further includes an aspiratioh port 264 to which a source of negative
pressure is attached. The aspiration catheter further comprises a long hollow shaft 266 having a distal end 268.
The distal tip 268 can include a radiopaque marker to aid in locating the tip 268 during insertion into the patient,
and is preferably soft to prevent damage to the patient’s vasculature.

The aspiration catheter illustrated in FIGURE 7 is an over-the-wire catheter. As seen in FIGURE 8, the
catheter shaft 266 is hollow. During insertion of the aspiration catheter 260, the proximal end of a guidewire 270
is inserted into the distal end of the aspiration catheter 268, and the aspiration catheter 260 is slidably advanced
over the guidewire 270, which is positioned inside the hollow lumen 272 of the aspiration catheter 260. The
position of the guidewire 270 relative to the shaft 260 of the aspiration catheter 260 is illustrated in FIGURE 9,
but of course, can vary. For this type of aspiration catheter 260, a very long guidewire 270, generally around 300
centimeters in length, is used to facilitate the insertion of the aspiration catheter 260 over the guidewire 270.

Alternatively, the aspiration catheter 280 can be of a single operator design, as illustrated in FIGURES 10-
11. The catheter 280 has an adapter and an aspiration port at its proximal end. Like the over-the-wire aspiration
catheter 260 the single operator aspiration catheter 280 further comprises a long hollow shaft 282 having a distal
end 288. The distal tip 288 can include a radiopague marker to aid in locating the tip 288 during insertion into the
patient, and is preferably soft to prevent damage to the patient's vasculature. At the distal end of the shaft 288,
a guidewire lumen 286 is attached. This lumen 286 provides a separate lumen, apart from the main aspiration lumen
284 of the catheter 280, for the insertion of the guidewire. This guidewire lumen 286 can be as short as 5
centimeters or longer. As illustrated in FIGURE 11, during delivery of the aspiration catheter 280, the proximal end
of the guidewire is inserted into the distal end of the guidewire lumen 286, and the guidewire lumen 286 is slidably
advanced over the guidewire. Unlike the over-the-wire catheter 260 described above, only a short segment of the
single operator aspiration catheter 280 rides over the guidewire, and the guidewire remains in the guidewire lumen
286 and does not enter the aspiration lumen 284 of the aspiration catheter 280. With the single operator system
280, the long guidewire used with the over-the-wire catheter 260, and the extra operator needed to handle it, are
not required.

Although the guidewire lumen 286 is shown in FIGURE 10 as being located only on the distal end 288 of
the shaft of the aspiration catheter 280, the lumen 286 can also be made to extend the entire length of the shaft
280 if desired. In both embodiments, the aspiration lumen 284 is advantageously left completely uncbstructed to
provide more efficient aspiration. The guidewire lumen 286 can also include a slit in the outside wall of the iumen
to facilitate faster and easier insertion and removal of the guidewire through the side wall of the lumen.

In another embodiment not shown, the aspiration catheter can be configured such that the therapy catheter

can be inéeried through the lumen of the aspiration catheter. The lumen is made large enough to accommodate the
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desired therapy catheter. This allows the aspiration catheter and the therapy catheter to be delivered into the
patient at the same time. When therapy is complete, the therapy catheter is removed while the aspiration catheter
remains in place. This eliminates the need to separately deliver the aspiration catheter after removal of the therapy
catheter, saving valuable time.

In yet another embodiment, also not shown, the therapy catheter can be built over the aspiration catheter.
For example, a dual or triple lumen catheter having a dilatation balloon at its distal end can be used. One lumen
is used to inflate the dilatation balloon to be used for angioplasty, while the second lumen is used for aspiration.
The third lumen is used as a guidewire lumen. Alternatively, the aspiration catheter can be designed to deploy a
stent within the occluded artery, or could include an atherectomy device on its distal end. These designs allows a
single combined aspiration catheter and therapy catheter to be delivered into the patient. When therapy is complete,
aspiration is carried out without the need to first remove the therapy catheter or separately deliver an aspiration
catheter.

FIGURE 12 is a side view of an irrigation catheter 140 or aspiration catheter which also may be utilized.
It should be understood that when an irrigation catheter is used, aspiration occurs through the outer pathway
between the irrigation and main catheters, while irrigation occurs through the irrigation pathway. Similarly, when
an aspiration catheter is used, aspiration occurs through the aspiration catheter while irrigation occurs through the
pathway between the aspiration and main catheters. lrrigation fluid is supplied under pressure at the proximal end
of the catheter 142 and delivered through the side holes 146 and through the distal end of the catheter 144.
Alternatively, aspiration can be provided at the proximal end of the catheter 142 and fluid and debris aspirated
through the side holes 146 and through the distal end of the catheter 144. The catheter 140 can be about 125
centimeters in length and constructed from a plastic material such as HYTREL tubing or high density polyethylene
(HDPE) or PEBAX {Atochem, France). In order to achieve a softer distal section, the durometer of the tube 148
material is reduced in the distal section to about 55 whereas that of the proximal section 142 is higher, such as
about 80. Proximal valves and fittings which are well known in the art can be mounted on the catheter 140 of
FIGURE 12.

FIGURES 13-16 illustrate another type of irrigation or aspiration catheter 230, a single operator catheter,
which can be used in the present system. In the case of the irrigation catheter, irrigation is through the inner
pathway and aspiration is through the outer pathway. If the catheter is used for aspiration, aspiration is through
the inner pathway and irrigation is through the outer pathway. As shown in FIGURES 13-16, the catheter 230 has
an adaptor 232 on its proximal end. This single operator catheter 230 further comprises a long tubular body 236
having a distal end 238. The distal tip 238 can include a radiopaque marker to aid in locating the tip 238 during
insertion into the patient, and is preferably soft to prevent damage to the patient's vasculature. At the distal end
of the shaft 238, an inner catheter lumen 240 is attached. This lumen 240 provides a separate lumen, apart from
the main irrigation or aspiration lumen 242 of the catheter 230, for the insertion of the inner catheter, and has an
inner diameter sized to received the inner catheter. In a preferred embodiment, the inner diameter of the lumen is

about .016" to about .020", and more preferably is about .019". This inner catheter or guidewire lumen can be as
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short as b centimeters, but can extend 30 centimeters or longer in a proximal direction. During delivery of the
catheter 230, the proximal end of the inner catheter is inserted into the distal end of the inner catheter lumen 240,
and the lumen 240 is slidably advanced over the inner catheter. Only a short segment of the single operator catheter
230 rides over the inner catheter, and the inner catheter remains in the lumen 240 and does not enter the main
lumen 242 of the catheter 230.

Although the inner catheter lumen 240 is shown in FIGURE 13 as being located only on the distal end 238
of the shaft of the catheter 236, the lumen 240 can also be made to extend the entire length of the shaft 236 if
desired. In both embodiments, the main lumen 242 is advantageously left completely unobstructed to provide more
efficient irrigation or aspiration. As seen in FIGURE 16, the inner catheter lumen 240 can also include a slit 241
or weakened area in the outside wall of the lumen 240 along the entire length of the lumen 240 to facilitate faster
and easier insertion and removal of the inner catheter through the side wall of the lumen 240. By inserting and
removing the inner catheter through the side wall of the lumen 240 on the catheter 236, the need to remove
adapters and attachments from the proximal end prior to slidably advancing or removing the catheter 236 over the
inner catheter is eliminated. It should be understood that this slit 241 or weakened area through which the inner
catheter can be inserted and removed can exist on the intermediate catheter regardiess of whether the catheter is
used for irrigation, aspiration, therapy or some other purpose.

In another embodiment, not shown, the irrigation and aspiration are conducted through a multi lumen
catheter. In this embodiment, a single catheter is used. The catheter includes at least two separate lumens; one
lumen is used for aspiration and has a source of negative pressure attached at the proximal end, while a second
lumen is used to provide irrigation and has a source of irrigation fluid attached at the proximal end.

Use of the devices just described will now be explained in connection with the method of the present
invention.

Method of the Present Invention

A. Dual Bailoon System

One embodiment of the method of the present invention as used to remove plaque and any associated
thrombi from the internal carotid artery 400 is described below in connection with FIGURE 17. It should be noted
that this example is merely exemplary, and the method can be used to treat occlusions within the external carotid
402, or common carotid 404 artery or other arteries above the aortic arch as well.

A main catheter or guide catheter 406 is introduced into the patient’s vasculature through an incision in
the femoral artery in the grain of the patient, or through direct access to the arteries in the neck. The main catheter
406 has a lumen sized to receive other catheters and devices, and can be used to guide the insertion of these other
catheters and devices. The main catheter 406 is guided through the vasculature until it reaches the common carotid
artery 404, where it can remain in place throughout the procedure. Fiuoroscopy is typically used to guide the main
catheter 406 and other devices to the desired location within the patient. The devices are frequently marked with

radiopaque markings to facilitate visualization of the insertion and positioning of the devices within the patient's

vasculature.
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Once the main catheter 406 is in place, with its occlusive device 408 at a position proximal to the occlusion
410, the occlusive device 408 is activated. Downstream blood flow is effectively stopped, and blood flow coming
from collateral blood vessels distal to the occlusive device prevents the downstream migration of any free particles.
In this example, the occlusive device 408 is an inflatable balloon. The balloon is inflated to occlude the common
carotid artery 404.

Next, an inner catheter or guidewire 420 having an occlusive device 422 at its distal end is delivered
through the main catheter 406 into the internal carotid artery 400 and past the site of the occlusion 410.
Alternatively, a detachable occlusive device can be deployed at the site distal to the occlusion, and the delivery
device removed. In this example, the occlusive device 422 is also an inflatable balloon. The balloon is inflated to
occlude the internal carotid artery at a site distal to the occlusion 410. It should be understood that the occlusion
within the artery can be in a discrete location or diffused within the vessel. Therefore, although placement of the
distal occlusive device is said to be distal to the occlusion to be treated, portions of the diffuse occlusion may remain
distal to the occlusive device.

A working area is therefore created between the two occlusive devices 408, 422 surrounding the occlusion
410. A therapy catheter (not shown) is then delivered. The therapy catheter can be any of a number of devices,
including a balloon catheter used to perform angioplasty, a catheter which delivers a stent, a catheter for delivering
enzymes, chemicals, or drugs to dissolve and treat the occlusion, an atherectomy device, a thrombectomy device,
a rheolitic device, a device which creates a venturi effect within the artery, or a laser or ultrasound device used to
ablate the occlusion.

Once the desired therapy is performed, the therapy catheter is withdrawn from the patient’s body and an
aspiration catheter 424 is delivered through the main catheter 406, preferably over the inner catheter or guidewire
420. The aspiration catheter 424 rides over the guidewire 420 with the guidewire 420 inserted through the
aspiration lumen of the catheter 424. Alternatively, a single operator type aspiration catheter can be used, in which
only a portion of the aspiration catheter rides over the guidewire, which is inserted into a separate guidewire lumen.
FIGURE 17 illustrates the treatment site after the over-the-wire aspiration catheter 424 is inserted into the internal
carotid artery 400.

After the aspiration catheter 424 is in place, aspiration is begun. A source of negative pressure is
connected to the aspiration catheter 424 at its proximal end. A preferred source of negative pressure is any
container containing a fixed vacuum, such as a syringe, attached to the proximal end of the aspiration catheter 424
at the aspiration port. A mechanical pump or bulb or any other appropriate source of negative pressure can also
be used, including the creation of a venturi effect within the blood vessel. The difference between the existing
pressure within the vessel and the aspiration or negative pressure within the vessel should not exceed about 50 psi.
If too much aspiration is applied, the change in pressure in the vessel will be too great and damage may occur to
the vessel itself.

Prior to aspiration, simultaneous with aspiration, or after aspiration is begun, the proximal occlusive device

408 is déaciivated to allow blood flow into the area. The blood flow into the area provides irrigation fluid which
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creates turbulence and facilitates the removal of particles and debris. Preferably, the anatomical irrigation pressure
provided is approximately 1-1.5 psi, and the blood flow into the area is at least 10 cubic centimeters/min and more
preferably about 60-80 cubic centimetersimin. In a preferred embodiment, the proximal occlusive device is then
reactivated, and the distal occlusive device is deactivated. This allows blood flow into the working area from the
distal end. Following aspiration, the distal occlusive device is reactivated. This method of alternately deactivating
and reactivating the occlusive devices acts to contain and direct the emboli and particles to an area within the
working area where they will be aspirated. Particles are initially contained between the two occlusive devices.
When the proximal occlusion device is deactivated, blood flow forces particles and debris toward the distal end of
the working area. The working area is aspirated, and the occlusive device reactivated. When the distal occlusive
device is deactivated, blood flow forces particles and debris back toward the proximal end of the working area,
where they are then aspirated. The steps of deactivating and reactivating the occlusive devices and aspirating the
working area can be repeated as often as desired, until the working area is substantially free of particles and debris.

When the deactivating and reactivating of the occlusive devices and aspiration steps are complete, the
aspiration catheter is removed, and the occlusive devices are deactivated. The main and inner catheters are also
removed from the patient.

As described above, the aspiration catheter can be sized such that it can receive the therapy catheter within
its lumen. In this case, the aspiration catheter and the therapy catheter are delivered into the artery together. When
therapy is complete, the therapy catheter is removed while the aspiration catheter remains in place. When aspiration
is complete, the aspiration catheter, inner catheter and main catheter are removed from the patient's body.
Delivering the aspiration catheter and therapy catheter together saves time, which is critical during these types of
procedures.

in yet another embodiment, aspiration takes place through the lumen of the inner catheter or guidewire.
The occlusive device on the inner catheter is positioned distal to the occlusion, and the occlusive device is activated
to at least partially occlude the vessel. The therapy catheter is delivered and therapy performed. A source of
negative pressure is provided at the proximal end of the inner catheter, and aspiration occurs through openings
located at the distal end of the catheter just proximal to the occlusive device. This eliminates the need for a
separate aspiration catheter, and the need to remove the therapy catheter prior to aspiration. Again, this saves time,
which is critical during these types of procedures.

B. Triple Balloon System

in another embodiment illustrated in FIGURE 18, a third occlusive device 430 is used to occlude the external
carotid artery 402. Once the main catheter 406 is in place and the common carotid artery 404 is occluded, inner
catheters 420, 432 are delivered to both the internal 400 and external 402 carotid artery branches and occluded.
Following therapy and aspiration of the internal carotid artery 400, the aspiration catheter is moved in a proximal
direction, and delivered over the inner catheter 420 into the external carotid artery branch 402. Aspiration is then
performed in that branch to remove any particles or debris that may have been moved into the external carotid artery

402. The three occlusive devices can be alternately deactivated and reactivated as described above, to ensure the
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desired clearance of the working area. When aspiration is complete, the occlusive devices are deactivated, and the
main 406, aspiration, and inner catheters 420, 432 are removed from the patient.

Should it be desired that a separate irrigation catheter be used to provide irrigation fluid, an irrigation
catheter can be delivered to the site of the occlusion following therapy and removal of the therapy catheter. The
irrigation catheter is delivered through the main catheter and over the inner catheter. lrrigation fluid is provided
through the irrigation catheter, while aspiration is provided through the main catheter.

C. Single Balloon System

In another embodiment illustrated in FIGURE 19, only a single occlusive device is used. As described above,
a main catheter 406, with or without a distal occlusive device, is introduced into the patient’s vasculature through
an incision in the femoral artery in the groin of the patient or through direct access to the arteries in the neck. The
main catheter 406 is guided through the vasculature until it reaches the common carotid artery 404, where it can
remain in place throughout the procedure.

Once the main catheter 406 is in place proximal to the occlusion 410, an inner catheter or guidewire 420
having an occlusive device 422 at its distal end is delivered through the main catheter 406 into the internal carotid
artery 400 and past the site of the occlusion 410. Alternatively, a detachable occlusive device can be deployed at
the site distal to the occlusion, and the delivery device removed. In this example, the occlusive device 422 is an
inflatable balloon. The balloon is inflated to occlude the internal carotid artery 400 at a site distal to the occlusion
410. As noted before, it should be understood that the occlusion within the artery can be in a discrete location or
diffused within the vessel. Therefore, although placement of the distal occlusive device is said to be distal to the
occlusion to be treated, portions of the diffuse occlusion may remain distal to the occlusive device.

A therapy catheter, not shown, is then delivered. Again, the therapy catheter can be any of a number of
devices, including a balloon catheter used to perform angioplasty, a catheter which delivers a stent, a catheter for
delivering enzymes, radiation, chemicals, or drugs to dissolve and treat the occlusion, an atherectomy device, a
thrombectomy device, a rheolitic device, a device which creates a venturi effect within the artery, or a laser or
ultrasound device used to ablate the occlusion.

Once the desired therapy is performed, the therapy catheter is withdrawn from the patient’s body and an
intermediate catheter 426 is delivered through the main catheter 406. A single operator type catheter may be used
in which only a portion of the catheter rides over the guidewire, which is inserted into a separate guidewire lumen
(as illustrated in FIGURE 20). Alternatively, an over-the-wire type catheter can be used. The intermediate catheter
426 is delivered into the internal carotid artery 400 to a location just proximal to the occlusive device 422.
Preferably, in order to maximize the effectiveness of the aspiration or irrigation, the catheter 426 ié pasitioned less
than two centimeters from the proximal end of the occlusive device 422 at some point during aspiration. Delivering
the intermediate catheter 426 in such close proximity to the occlusion device 422 will allow the creation of a
turbulent effect near the occlusive device during aspiration and irrigation thus aiding in the removal of the particles

and debris. During aspiration, the intermediate catheter 426 can be moved in a proximal direction, to ensure more

effective aspiration of the area.
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Delivery of the intermediate catheter 426 near the occlusive device 422 requires passing the intermediate
catheter 426 across the previously occluded vessel. In order to minimize the risk to the patient the intermediate
catheter 426 is preferably soft, small and flexible. A preferred emboediment of this invention comprises delivering
a soft-tipped intermediate catheter 426 made of a compound of a durometer 55 or less.

Once the intermediate catheter 426 is delivered in close proximity to the occlusive device 422, the area
is first aspirated. As noted above, the intermediate catheter 426 can be moved backward in a proximal direction
during aspiration. This forward and backward movement of the intermediate catheter 426 can be repeated as often
as desired to provide effective aspiration. At some point during aspiration, the distal end of the aspiration catheter
should be positioned about 2 cm or less from the proximal end of the occlusive device to ensure effective aspiration.
Following aspiration, the area is irrigated by supplying a fluid, such as saline, through the intermediate catheter 426.
The irrigation fluid acts to flush any remaining particles or debris from the internal carotid 400, to the external
carotid 402, as indicated by the arrows in FIGURE 21. The steps of sequential aspiration and irrigation or flushing,
can be repeated as many times as necessary to remove all of the particles and debris from the vessel.

In one embodiment, the intermediate catheter 426 has a single lumen for delivery of aspiration pressure and
irrigation fluid, such as the aspiration or irrigation catheters shown in FIGURES 7 through 16. The proximal end of
the intermediate catheter 426 is connected to a source of negative pressure (as described above) and is used to
aspirate the debris and particles around the occlusive device 422.

Following aspiration of the area, the proximal end of the intermediate catheter 426 is connected to a source
of irrigation fluid, such as saline, in order to irrigate the area near the occlusive device 422. Preferably, the volume
of fluid used to irrigate the area near the occlusive device 422 is equal to or greater than the volume of the area
between the proximal end of the distal ccclusive device and the start of the internal carotid artery at the bifurcation
of the common carotid artery. For example, at least 10 cubic centimeters of fluid is delivered to the area that is
between the distal occlusive device and the start of the internal carotid branch, which is approximately 1-5 cubic
centimeters. As a result of this irrigation, any particles or debris remaining in the internal carotid 400 will be flushed
into the external carotid 402.

in yet another embodiment, the intermediate catheter 426 has two lumens, one for aspiration and another
for irrigation. The lumen providing aspiration is attached at its proximal end to a negative pressure source. A
second lumen is attached at its proximal end to source of irrigation fluid. An advantage of this embodiment is that
the particles and debris removed are in a separate lumen, eliminating the possibility that they could be flushed back
into the vessel when the irrigation fluid is delivered through the same lumen as the aspiration pressure. As with the
single lumen embodiment, the steps of aspirating and irrigating can be repeated as many time as necessary.

D. Alternate Dual Balloon System

Under certain circumstances, use of a second occlusive device is desired, as illustrated in FIGURE 21. In
this embodiment, the second occlusive device 432 is positioned on the distal end of the main catheter 406 and acts
to occlude the main carotid artery 404. A second occlusive device 432 may be desired where the physician is

concerned about crossing the occlusion 410 in the internal carotid artery 400 with the inner catheter 420 or where
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there is another occlusion 428 in the external carotid artery 402 resulting in decreased flow through the external
carotid 402.

Once the main catheter 406 is delivered to the common carotid artery 404, the occlusive device 432 is
activated. The activation of the occlusive device 432 will have the effect of occluding the common carotid artery
404 thereby cutting off the blood flow to both the internal carotid 400 and the external carotid 402 arteries.

Next, an inner catheter 420 with an occlusive device 422 is delivered distal to the occlusion 410 in the
internal carotid artery 400 and activated, thus isolating the occlusion 410 between the two occlusive devices 432,
422. This is followed by therapy on the occlusion 410 as described above. Sequential aspiration and irrigation are
then performed as described above.

The main advantage of using two occlusive devices is that when the internal carotid artery 400 is irrigated,
a back pressure is created in the chamber defined by the proximal occlusive device 432 and the distal occlusive
device 422. This back pressure will force the fluid, particles and debris from the internal 400 and common 404
carotid arteries through the external carotid artery 402.

E. Alternate Triple Balloon System

In some cases, a triple balloon system is used. This embodiment is especially advantageous in those
patients where occlusion of the common carotid artery results in blood from collateral vessels flowing from the
external carotid artery to the internal carotid artery. The direction of blood flow in a particular patient can be
determined through angiography.

In this system (not shown), following activation of the occiusive device in the common carotid artery, but
before crossing the occlusion with an inner catheter, a first inner catheter with an occlusive device is delivered to
the external carotid artery and the occlusive device activated. This prevents flow from collateral blood vessels
moving from the external to the internal carotid artery. Next, a second inner catheter is delivered to the internal
carotid artery past the site of the occlusien and the occlusive device activated to occlude the internal carotid artery.
Alternatively, the first inner catheter can be positioned within the internal carotid artery and the occlusive device
activated, followed by delivery of the second inner catheter to the external carotid artery and activation of the
occlusive device. In either case, the occlusion is completely isolated between the three occlusive devices. This is
foliowed by therapy on the occlusion, aspiration, and irrigation if desired, as described above.

In yet another aspect, there is provided a method of performing a diagnostic procedure in the carotid
arteries in which the preferred intravascular catheters, as described herein, are utilized to remove emboli, thrombus,
and other obstructions from the vessel of a patient, as shown in FIGURE 21, in order to determine the nature of
such obstruction. For example, the aspirated or otherwise removed obstruction can be analyzed visually or in the
laboratory. If this analysis indicates that it is in the nature of a thrombus or similar bload clot, then the patient may
be treated with suitable anti-clotting medication. On the other hand, if the aspirated obstruction is in the nature of
an embolus, which may comprise plague, then the patient may be treated with suitable anti-cholesterol medication.
In addition, as a resuit of such a diagnostic procedure, the stenosis or other lesion which produced such plague may
be irradiated in order to decrease the risk of reoccurrence. Thus, there is provided this preferred diagnostic method

in which-an intravascular aspiration system is used to remove obstructions from the vasculature of a patient for

_ further analysis.
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WHAT IS CLAIMED IS:

1. A kit comprising a plurality of catheters in combination for use in removal of occlusions in blood
vessels, characterized in that the plurality of catheters comprises:
a main catheter having an occlusive device;
an inner catheter having an occlusive device;
a therapy catheter; and

an aspiration catheter.

2. The kit of Claim 1, further characterized in that each of said catheters is capable if independent
manipulation.

3. The kit of either Claim 1 or Claim 2, for use in carotid arteries.

4, The kit of either Claim 1 or Claim 2, further characterized in that the inner catheter bearing an

occlusive device comprises an elongated tubular body, an inflatable balloon mounted on a distal end the tubular body,
a core-wire joined to the distal end of the tubular body, and a coil member disposed about the core-wire.

5. The kit of either Claim 1 or Claim 2, further characterized in that the aspiration catheter comprises
an elongate hollow shaft, a distal tip adapted for aspiration therethrough, and a proximal end adapted for connection
with a source of negative pressure.

B. A method for the treatment of an occlusion in a carotid artery, comprising, in order, the following
steps:

delivering a main catheter having a first occlusive device on its distal end into said artery, until
said occlusive device is proximal to said occlusion;

activating said first occlusive device to occlude said artery proximal to said occlusion;

delivering an inner catheter having a second occlusive device on its distal end into said artery, until
said occlusive device is distal to said occlusion;

activating said second occlusive device to occlude said artery distal to said occlusion and create
a working area surrounding said occlusion;

delivering a therapy catheter into said artery until it reaches said occlusion;

performing therapy on said occlusion;

removing said therapy catheter from said patient;

delivering a distal end of an aspiration catheter to said working area;

deactivating said first occlusive device on said main catheter to allow blood flow into said working
area; and

aspirating said working area following the deactivating of the first occlusive device.

7. The method of Claim 6, further comprising the steps of reactivating said first occlusive device,
deactivating said second occlusive device, and aspirating said working area, in order, following the step of

deactivating of the second occlusive device.
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8. The method of Claim 7, further comprising the step of reactivating the second occlusive device
after the step of deactivating the second occlusive device, and wherein said deactivating the first occlusive device,
aspirating, reactivating the first occlusive device, deactivating the second occlusive device, and aspirating steps are

repeated at least once in order.

8. The method of Claim 6, wherein said inner catheter comprises a guidewire.

10. The method of Claim 6, wherein said activating step results in the vessel being substantially
occluded.

1. The method of Claim 6, wherein said first and second occlusive devices are balloons and said

activating steps comprise inflating said balloons.

12. The method of Claim 6, wherein said second occlusive device is a filter and said activating step
comprises deploying said filter to prevent migration of particles downstream.

13. The method of Claim 6, wherein said performing step comprises performing a method selected from
the group consisting of delivering a drug directly to the site of said occlusion, preforming balloen angioplasty,
deploying a stent, and performing atherectomy.

14. The method of Claim 6, wherein said performing step comprises creating a venturi effect within
said vessel to aspirate said occlusion, and wherein said aspirating step occurs simultaneously.

15. The method of Claim 6, wherein said performing step comprises creating turbulence within said
vessel, and wherein said aspirating step occurs simultaneously.

16. The method of Claim 6, wherein said therapy catheter is selected from the group consisting of
a thrombectomy catheter, a rheolitic device, and a device which creates a venturi effect within the vessel, and
wherein said performing and said aspirating steps are performed simultaneously.

17. The method of Claim 6, wherein said deactivating and said aspirating steps are performed
simultaneously.

18. The method of Claim 6, further comprising the step of aspirating prior to said deactivating step.

19. The method of Claim 6, wherein said artery comprises at least two branches, and said second
occlusive device is delivered to one of said branches and said method further comprises, in order, delivering a second
inner catheter having a third occlusive device on its distal end to the other branch, activating said third occlusive
device to occlude said second branch, and aspirating both branches of said artery to remove particles and debris.

20. The method of Claim 19, further comprising reactivating said first occlusive device following said
aspirating step, then deactivating said second and third occlusive devices, and then aspirating said working area
following the deactivating of the second and third occlusive devices.

21. The method of Claim 20, further comprising reactivating said second and third occlusive devices
after said aspirating step, and wherein said reactivating said first occlusive device, deactivating said second and third

occlusive devices and said aspirating steps are repeated at least once.
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22. The method of Claim 6, wherein said therapy catheter is inserted into said aspiration catheter prior
to said delivery of said therapy catheter, and said aspiration and therapy catheters are delivered into the artery
together.

23. The method of Claim 6, wherein said therapy catheter comprises a catheter capable of performing
therapy and providing aspiration, such that said aspiration and therapy catheters comprise a single catheter which
is delivered and removed from said artery.

24, A method for the treatment of an occlusion in a carotid artery, comprising, in order, the following
steps:

delivering a main catheter having a first occlusive device on its distal end into said artery, until
said occlusive device is proximal to said occlusion;

activating said first occlusive device to occlude said artery proximal to said occlusion;

delivering an inner catheter having a second occlusive device on its distal end into said artery, until
said occlusive device is distal to said occlusion;

activating said second occlusive device to occlude said artery distal to said occiusion and create
a working area surrounding said occlusion;

delivering a therapy catheter into said artery until it reaches said occlusion;

performing therapy on said occlusion;

removing said therapy catheter from said patient;

deactivating said first occlusive device on said main catheter to allow blood flow into said working
area; and

aspirating said working area through said main catheter following the deactivating of the first
occlusive device.

25. The method of Claim 24, further comprising, in order, the steps of reactivating said first occlusive
device after said aspirating step, deactivating said second occlusive device, and aspirating said working area following
the deactivating of the second occlusive device.

26. The method of Claim 25, further comprising the step of reactivating the second occlusive device
after the deactivating of the second occlusive device, and wherein said deactivating the first occlusive device,
aspirating, reactivating the first occlusive device, deactivating the second occlusive device, and aspirating steps are
repeated at least once.

27. The method of Claim 24, wherein said activating step results in the vessel being substantially
occluded.

28. The method of Claim 24, wherein said first and second occlusive devices are balloons and said
activating steps comprise inflating said balioons.

29. The method of Claim 24, wherein said first and second occlusive devices are filters and said

activating steps comprise deploying said filters to prevent migration of particles downstream.
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30. The method of Claim 24, wherein said performing step comprises performing a method selected
from the group consisting of delivering a drug directly to the site of said occlusion, preforming balloon angioplasty,
deploying a stent, and performing atherectomy.

31. The method of Claim 24, wherein said performing step comprises creating a venturi effect within
said vessel to aspirate said occlusion, and wherein said aspirating step occurs simultaneously.

32. The method of Claim 24, wherein said performing step comprises creating turbulence within said
vessel, and wherein said aspirating step occurs simultaneously.

33. The method of Claim 24, wherein said therapy catheter is selected from the group consisting of
a thrombectomy catheter, a rheolitic device, and a device which creates a venturi effect within the vessel, and
wherein said performing and said aspirating steps are performed simultaneously.

34. The method of Claim 24, wherein said deactivating and said aspirating steps are performed
simultaneously.

35. The method of Claim 24, wherein said aspirating step is performed first, followed by said
deactivating step.

36. The method of Ciaim 24, further comprising delivering a distal end of an irrigation catheter into
said working area following the removal of said therapy catheter, delivering irrigation fluid through said irrigation
catheter into said working area and then aspirating through said main catheter.

37. The method of Claim 24, wherein said artery comprises at least two branches, and said second
occlusive device is delivered to one of said branches and said method further comprises, in order, the steps of
delivering a second inner catheter having a third occlusive device on its distal end to the other branch, activating
said third occlusive device to occlude said second branch, and aspirating both branches of said artery following the
deactivating of said occlusive devices to remove particles and debris.

38. The method of Claim 37, further comprising reactivating said first occlusive device following said
aspirating step, then deactivating said second and third occlusive devices, and then aspirating said working area.

39. The method of Claim 38, further comprising reactivating said second and third occlusive devices
after said aspirating step, and wherein said reactivating said first occlusive device, deactivating said second and third
occlusive devices and said aspirating steps are repeated at least once.

40. The method of Claim 24, wherein said aspirating occurs through said inner catheter.

41, A method for the treatment of an occlusion in a carotid artery, comprising, in order, the following
steps:

delivering a main catheter into said artery, until a distal end of said catheter is proximal to said
occlusion;

delivering an inner catheter having a occlusive device on its distal end into said artery, until said
occlusive device is distal to said occlusion;

activating said occlusive device to occlude said artery distal to said occlusion;

delivering a therapy catheter into said artery until it reaches said occlusion;
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performing therapy on said occlusion;

removing said therapy catheter from said patient;

delivering a distal end of an intermediate catheter proximal to said occlusive device;

aspirating an area proximal to said occlusive device using said intermediate catheter to remove
particles and debris; and

irrigating said area proximal to said occlusive device using said intermediate catheter following.
42, The method of Claim 41, wherein said aspirating and irrigating steps are repeated at least once.
43. The methed of Claim 41, wherein the intermediate catheter comprises a single lumen and said

aspirating and irrigating steps are performed through said lumen.

44, The method of Claim 41, wherein the intermediate catheter comprises two or more lumens, and

said aspirating and irrigating steps are performed through different lumens.

45, The method of Claim 41, wherein the irrigating step comprises irrigating with saline solution.

46. The method of Claim 41, wherein said inner catheter comprises a guidewire.

47. The method of Claim 41, wherein said activating step results in the artery being substantially
occluded.

48. The method of Claim 41, wherein said occlusive device is a balloon and said activating step

comprises inflating said balloon.

49, The method of Claim 41, wherein said occlusive device is a filter and said activating step
comprises deploying said filter to prevent migration of particles downstream.

50. The method of Claim 41, wherein said performing step comprises performing a method selected
from the group consisting of delivering a drug directly to the site of said occlusion, performing balloon angioplasty,
deploying a stent, and performing atherectomy.

51. The method of Claim 41, wherein said therapy catheter is selected from the group consisting of
a thrombectomy catheter, a rheolitic device, and a device which creates a venturi effect within the vessel, and
wherein said performing and said aspirating steps are performed simultaneously.

h2. The method of Claim 41, wherein said main catheter further comprises an occlusive device
mounted on its distal end, and wherefn said method further comprises activating said occlusive device prior to
delivering said inner catheter.

53. A method for the treatment of an occlusion in an internal carotid artery, comprising, in order, the
following steps:

delivering a main catheter having a first occlusive device on its distal end into a common carotid
artery, until a distal end of said catheter is proximal to said occlusion;

activating said first occlusive device;

delivering a first inner catheter having a second occlusive device on its distal end into an external
carotid artery;

activating said second occlusive device;
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delivering a second inner catheter having a third occlusive device on its distal end into said internal
carotid artery, until said third occlusive device is distal to said occlusion;
activating said third occlusive device to occlude said internal carotid artery distal to said occlusion;
delivering a therapy catheter into said internal carotid artery until it reaches said occlusion;
performing therapy on said occlusion;
removing said therapy catheter from said patient;
delivering a distal end of an intermediate catheter proximal to said third occlusive device; and
aspirating an area proximal to said third occlusive device using said intermediate catheter to
remove particles and debris.
54. The method of Claim 53, wherein said distal end of said intermediate catheter is delivered to a
position approximately two centimeters from said occlusive device.
b5. The method of Claim 54, wherein said distal end of said intermediate catheter is moved in a

proximal direction during aspiration step.

56. The method of Claim 53, wherein said inner catheter comprises a guidewire.

57. The method of Claim 53, wherein said activating step results in the artery being substantially
occluded.

58. The method of Claim 53, wherein said first, second and third occlusive device comprise a balloon

and said activating steps comprise inflating said balloon.

9. The method of Claim 53, wherein said performing step comprises performing a method selected
from the group consisting of delivering a drug directly to the site of said occlusion, performing balloon angioplasty,
deploying a stent, and performing atherectomy.

60. The method of Claim 53, wherein said therapy catheter is selected from the group consisting of
a thrombectomy catheter, a rheolitic device, and a device which creates a venturi effect within the vessel, and
wherein said performing and said aspirating steps are performed simultaneously.

B61. The method of Claim 53, wherein said first inner catheter is delivered into the internal carotid
artery and said second occlusive device is activated therein, and said second inner catheter is delivered into the
external carotid artery, and the third occlusive device is activated therein.

62. A method for the treatment of an occlusion in a carotid artery, comprising, in order, the following
steps:

delivering a main catheter into said artery, until a distal end of said catheter is proximal to said
occlusion;

delivering a guidewire having a occlusive balloon on its distal end into said artery, until said balloon
is distal to said occlusion;

inflating said balloon to occlude said artery distal to said occlusion;

delivering a balloon angioplasty catheter into said artery until it reaches said occlusion;

performing balloon angioplasty on said occlusion;
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removing said balloon angioplasty catheter from said patient;
delivering a distal end of an intermediate catheter proximal to said occlusive device;
aspirating an area proximal to said occlusive device using said intermediate catheter to remove
particles and debris; and
irrigating said area proximal to said occlusive device using said intermediate catheter.

63. The method of Claim 62, wherein the intermediate catheter comprises a single lumen and said
aspirating and irrigating steps are performed through said lumen.

64. The method of Claim 62, wherein the intermediate catheter comprises two or more lumens, and
said aspirating and irrigating steps are performed through different lumens.

65. A method of performing a diagnostic procedure in the carotid arteries comprising the steps of
removing thrombus, emboli, or other obstructions from the vasculature of the patient and analyzing such articles to
determine subsequent patient treatment.

66. The method of Claim 65, wherein said diagnostic procedure is performed utilizing the catheter kit

of Claim 1.
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