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1
METHOD AND APPARATUS FOR TREATING
A CAROTID ARTERY

RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(e) of U.S. Provisional Application No. 60/524,069, filed
Nov. 21, 2003, titled METHOD AND APPARATUS FOR
CAROTID ANGIOPLASTY AND STENTING USING
TRANSCERVICAL OCCLUSION AND PROTECTIVE
SHUNTING; U.S. Provisional Application No. 60/569,843,
filed May 10, 2004, titled METHOD AND APPARATUS
FOR CAROTID ANGIOPLASTY AND STENTING
USING TRANSCERVICAL OCCLUSION AND PROTEC-
TIVE SHUNTING; and U.S. Provisional Application No.
60/587,067, filed Jul. 12,2004, titted METHOD AND APPA -
RATUS FOR CAROTID ANGIOPLASTY AND STENT-
ING USING TRANSCERVICAL OCCLUSION AND PRO-
TECTIVE SHUNTING.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Certain inventions disclosed herein relate to treating a
carotid artery. For example, a carotid artery may have a lesion
or a partial occlusion that can be treated using the methods
and apparatus disclosed herein.

2. Description of the Related Art

Carotid angioplasty and stenting (CAS) is a minimally
invasive approach for treating carotid stenoses. Since its
introduction two decades ago, the use of CAS has steadily
increased, with 8% of the 107,000 carotid procedures per-
formed in Europe in 2001 utilizing CAS. The prospect of an
outpatient procedure without the discomfort of a sizable neck
incision appears to be driving patient decision making away
from carotid endarterectomy, the standard procedure for
carotid bifurcation disease for the past fifty years.

SUMMARY OF THE INVENTION

One disclosed embodiment comprises an apparatus for use
in carotid angioplasty. The apparatus comprises a catheter
having a distal end and a proximal end opposite the distal end,
and first and second occlusive members, of which at least the
first occlusive member is located on the catheter. The first and
second occlusive members are configured to reverse the natu-
ral direction of blood flow in the internal carotid artery when
the first occlusive member occludes the common carotid
artery and the second occlusive member occludes the external
carotid artery. The catheter has a first shaft portion extending
proximally from the first occlusive member. The first shaft
portion has a maximum cross-section sized to be insertable
into the common carotid artery. The first shaft portion has a
relatively short length suitable for transcervical access to the
common carotid artery. The catheter has a blood entry port
located distal of the first occlusive member. The apparatus
further comprises a collection reservoir configured to be con-
nected to the catheter and placed in passive fluid communi-
cation with the blood entry port.

Another disclosed embodiment comprises a method of
treating a lesion in a carotid artery in a patient. The method
comprises inserting a catheter into the carotid vasculature via
a transcervical approach, and occluding blood flow in the
common carotid artery and the external carotid artery, thus
reversing the direction of natural blood flow in the internal
carotid artery. The method further comprises allowing blood
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to flow into a blood entry port in the catheter, and passively
collecting the blood in a reservoir.

Another disclosed embodiment comprises an apparatus for
use in carotid angioplasty. The apparatus comprises a catheter
having a distal end and a proximal end opposite the distal end,
and first and second occlusive members, of which at least the
first occlusive member is located on the catheter. The first and
second occlusive members are configured to reverse the natu-
ral direction of blood flow in the internal carotid artery when
the first occlusive member occludes the common carotid
artery and the second occlusive member occludes the external
carotid artery. The catheter has a first shaft portion extending
proximally from the first occlusive member. The first shaft
portion has a maximum cross-section sized to be insertable
into the common carotid artery. The first shaft portion has a
relatively short length suitable for transcervical access to the
common carotid artery. The catheter has a blood entry port
located distal of the first occlusive member. The apparatus
further comprises a passive fluid conduit and a collection
reservoir. The collection reservoir is configured to be con-
nected to the catheter via the passive fluid conduit.

Another disclosed embodiment comprises a method for
treating lesions in the carotid artery of a mammalian body.
The method comprises transcervical access and blocking of
blood flow through the common carotid artery, shunting
blood from the internal carotid artery to the venous system of
the mammalian body and treating the lesion in the carotid
artery. The method may optionally further comprise blocking
blood flow through the external carotid artery.

Inthe method, access to the carotid artery can optionally be
obtained percutaneously, or via a cutdown incision, or with
any suitable technique. The treating step of the method can
optionally include dilating the lesion with a balloon. The
treating step of the method can optionally include stenting the
dilated lesion. The shunting step of the method can optionally
include filtering the blood for debris. The blocking step of the
method can optionally include occluding the external carotid
artery with a balloon. The blocking step of the method can
optionally include occluding the common carotid artery with
a balloon. The blocking step of the method can optionally
include clamping the common carotid artery. The introducing
step of the method can optionally include positioning a single
sheath with balloons to occlude the common and external
carotid artery and a side port for deployment of an angioplasty
balloon or stent. The blocking step of the method can option-
ally include introducing at least one catheter directly into the
common carotid artery. The introducing step of the method
can optionally include introducing first and second introducer
sheaths directly into the common carotid artery. The intro-
ducing step of the method can optionally include introducing
first and second balloon catheters directly into the common
carotid artery.

Another disclosed embodiment comprises a method for
treating lesions in the carotid artery. The method comprises
transcervical access, blocking blood flow through the com-
mon carotid artery to allow safe treatment of the lesion and
returning blood flow back to the carotid artery. The method
may further comprise blocking blood flow through the exter-
nal carotid artery.

In the method, the blood in the carotid artery may be
actively withdrawn and returned to the carotid artery. In the
method, access to the carotid artery can optionally be
obtained percutaneously, or via a cutdown incision, or with
any suitable technique. The treating step of the method can
optionally include dilating the lesion with a balloon. The
treating step of the method can optionally include stenting the
dilated lesion. The shunting step of the method can optionally
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include filtering the blood for debris. The blocking step of the
method can optionally include occluding the external carotid
artery with a balloon. The blocking step of the method can
optionally include occluding the common carotid artery with
a balloon. The blocking step of the method can optionally
include clamping the common carotid artery. The introducing
step of the method can optionally include positioning a single
sheath with balloons to occlude the common and external
carotid artery and a side port for deployment of an angioplasty
balloon or stent. The blocking step of the method can option-
ally include introducing at least one catheter directly into the
common carotid artery. The introducing step of the method
can optionally include introducing first and second introducer
sheaths directly into the common carotid artery. The intro-
ducing step of the method can optionally include introducing
first and second balloon catheters directly into the common
carotid artery.

Another disclosed embodiment comprises a method for
treatment of lesions in the carotid artery. The method com-
prises transcervical access, blocking blood flow through the
common carotid artery and passive collection of blood and
debris and subsequent return of filtered blood to the carotid
artery. The method may further comprise blocking blood flow
through the external carotid artery.

In the method, access to the carotid artery can optionally be
obtained percutaneously, or via a cutdown incision, or with
any suitable technique. The treating step of the method can
optionally include dilating the lesion with a balloon. The
treating step of the method can optionally include stenting the
dilated lesion. The shunting step of the method can optionally
include filtering the blood for debris. The blocking step of the
method can optionally include occluding the external carotid
artery with a balloon. The blocking step of the method can
optionally include occluding the common carotid artery with
a balloon. The blocking step of the method can optionally
include clamping the common carotid artery. The introducing
step of the method can optionally include positioning a single
sheath with balloons to occlude the common and external
carotid artery and a side port for deployment of an angioplasty
balloon or stent. The blocking step of the method can option-
ally include introducing at least one catheter directly into the
common carotid artery. The introducing step of the method
can optionally include introducing first and second introducer
sheaths directly into the common carotid artery. The intro-
ducing step of the method can optionally include introducing
first and second balloon catheters directly into the common
carotid artery.

Certain objects and advantages of the invention are
described herein. Of course, it is to be understood that not
necessarily all such objects or advantages may be achieved in
accordance with any particular embodiment of the invention.
Thus, for example, those skilled in the art will recognize that
the invention may be embodied or carried out in a manner that
achieves or optimizes one advantage or group of advantages
as taught herein without necessarily achieving other objects
or advantages as may be taught or suggested herein.

All of the embodiments summarized above are intended to
be within the scope of the invention herein disclosed. How-
ever, despite the foregoing discussion of certain embodi-
ments, only the appended claims (and not the present sum-
mary) are intended to define the invention. The summarized
embodiments, and other embodiments of the present inven-
tion, will become readily apparent to those skilled in the art
from the following detailed description of the preferred
embodiments having reference to the attached figures, the
invention not being limited to any particular embodiment(s)
disclosed.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of one embodiment of a method
and apparatus for treating a carotid artery.

FIG. 2 is a schematic view of another embodiment of a
method and apparatus for treating a carotid artery.

FIG. 2A is a side view of a dilator tip usable with apparatus
and methods disclosed herein, including the apparatus and
methods of FIG. 2.

FIG. 3 is a schematic view of another embodiment of a
method and apparatus for treating a carotid artery.

FIG. 3A is a side view of a blocker and pusher rod usable
with apparatus and methods disclosed herein, including the
apparatus and methods of FIG. 3.

FIG. 3B is a detail view of another embodiment of the
catheter shown in FIG. 3.

FIG. 4 is a schematic view of another embodiment of a
method and apparatus for treating a carotid artery.

FIG. 4A a schematic view of another embodiment of the
pump reservoir shown in FIG. 4.

FIG. 5 is a schematic view of another embodiment of the
pump reservoir of FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

An approach called Transcervical Occlusion (of the CCA)
and Proximal Shunting (TOPS) can be employed in carotid
angioplasty.

In one embodiment, depicted in FIG. 1, a method of treat-
ing a carotid artery can be performed in the operating theater.
After mild sedation of the patient, a mixture of 1% lidocaine
and 0.5% marcaine can be used to anesthetize the skin two
centimeters above the clavicle. A 2 cm transverse incision is
made centered over the medial border of the sternocleidomas-
toid muscle. The muscle is retracted laterally and the common
carotid artery (CCA) 12 exposed circumferentially over a
two-centimeter length.

After heparin (for example, about 70 IU/kg to about 100
1U/kg) is administered to increase the activated clotting time
(to greater than 250 seconds, for example), a needle (not
shown) is introduced directly into the CCA 12 above the
position of a surgical clamp 14. Injection of contrast under
fluoroscopy in the appropriate anterior oblique plane local-
izes the carotid bifurcation and the lesion 16 in a “worst view”
magnified angiogram. A guidewire (not shown) is advanced
to the distal carotid bulb 22 or to the external carotid artery 20.
A first sheath 24 is advanced until the dilator (a component of
the sheath not shown) straightens the tip of the guidewire and
then the sheath 24 is advanced over the dilator to the distal
CCA 13 or the external carotid artery (ECA) 20. Intracranial
carotid angiography is performed (AP Towne and lateral
view) to document any pre-existent intracranial arterial
pathology and to evaluate collateral circulation.

The first sheath 24 can be placed directly in the CCA 12
parallel to a smaller second introducer sheath 26 placed with
its tip in the distal CCA 13. A stitch may be placed around the
entrance of the first sheath 24 and a vascular tourniquet (not
shown) and umbilical tape (not shown) may be looped around
the CCA to allow rapid hemostasis of the puncture site in the
event of catheter dislodgement. A guidewire is directed into
the ECA 20 through the first arterial sheath 24 and a balloon
catheter 25 is used to occlude the proximal ECA 21. Occlu-
sion of the ECA 20 and reversal of blood flow in the internal
carotid artery (ICA) 42 can be verified with angiography after
clamping the CCA 12.

-10-
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A sidearm 30 of the first sheath 24 is connected to a filter 34
with a holder apparatus (not shown) that is attached to a
sidearm 38 of a third sheath 28 in fluid communication with
the internal jugular vein 40. This configuration forms a shunt
32. With the surgical clamp 14 applied to the CCA 12, retro-
grade flow of contrast from the internal carotid artery (ICA)
42 into the internal jugular vein 40 through the shunt 32 can
be confirmed using fluoroscopy or duplex ultrasound. The
carotid lesion 16 is crossed with a guidewire 27 from the
second sheath 26 under flow reversal cerebral protection and
the lesion 16 is dilated with a balloon 29.

If rapid retrograde flow of contrast is not seen with initia-
tion of the shunt 32, forceful aspiration of blood using a
syringe (for example a 20 cc syringe) through the first sheath
24 is performed, for example, after each angioplasty. Hence,
retrograde passage of embolic material is provided. The
blood is returned to the patient through a three way stopcock
(for example, stopcock 44 and stopcock 46) attached to the
shunt 32 or filter 34. A stent (for example an 8 or 10 mmx24
mm stent) can be deployed across the lesion 16 into the CCA
12. The stent can be serially post dilated with an angioplasty
balloon (for example a 5 or 6 mmx2 cm angioplasty balloon).

Completion of cervical and intracranial carotid angiogra-
phy is performed after releasing the external carotid occlusion
balloon 25 and the common carotid clamp 14. Once satisfac-
tory treatment of the lesion 16 is observed, the first arterial
sheath 24 and second arterial sheath 26 are removed with
simultaneous repair of the arterial punctures using previously
placed exit site sutures.

In some embodiments, either or both of the sheaths 24, 26
may have an insertable length or first shaft portion extending
proximally from the distal end of the sheath(s). Over the
entirety of the insertable length, the sheath(s) 24, 26 have a
cross-sectional size (e.g., about 6-8 French) which is suitable
for insertion into the CCA 12. (Although the cross-sectional
size need not be uniform along the insertable length, the
maximum cross-sectional size along the insertable length
should be suitable for insertion into the CCA.) In certain such
embodiments, the insertable length is less than about 75 cm,
less than about 50 cm, less than about 30 cm, or less than
about 15 cm. In still other embodiments, the insertable length
is between about 2 cm and about 25 cm, or between about 2
cm and about 15 cm. More generally, the insertable length
may be relatively short as may be suitable for transcervical
access to the CCA.

In some embodiments, one or both of the shafts 24a, 26a of
the sheaths 24, 26 is constructed to be generally rigid. Advan-
tageously, a rigid sheath 24/26 can be inserted into the CCA
12 without need to “ride” the sheath 24/26 over a guidewire.
As another alternative either shaft 244/26a may be made
generally rigid but sufficiently malleable to permit the user to
“pre-bend” the shaft 24a/264, such that the shaft maintains
the bent shape imparted by the user. With such a malleable
shaft 24a/26a, the user can custom-shape the sheath 24/26 to
fit the vasculature of the patient, and more easily manipulate
the sheath 24/26 into position in the CCA 12. The pre-bend
may be made based on the user’s observations of the patient’s
carotid vasculature. A sheath 24/26 which is rigid and/or
malleable as discussed above can be made from stainless steel
or suitable soft metals, or any suitable polymeric materials.

In another embodiment, illustrated in FIGS. 2 and 2A, a
device 210 with only one arterial sheath or catheter 224 is
used. A dilator 250 (see FIG. 2A) for the arterial sheath 224
may have a shorter taper than conventional arterial sheaths
and may be angled or curved towards the tip to help prevent
injury to or dissection of the back wall of the artery. The
stent/ICA angioplasty balloon 229 and the ECA occlusion

20

25

30

35

40

45

50

55

60

65

6

balloon 225 are passed through the single sheath 224, which
is preferably large enough to deploy both balloons 225, 229 as
well as provide a lumen of sufficient size to facilitate retro-
grade passage of embolic material through the sheath 224.
This sheath may have a balloon 252 that prevents the sheath
from dislodging and also may be large enough to occlude the
CCA 212, effectively replacing the surgical clamp 14 of the
embodiment of FIG. 1. The lesion 216 in the ICA 242 may be
crossed with a guidewire and dilated with the stent/ICA
angioplasty balloon 229. The sidearm 230 of the arterial
sheath 224 may have an opening 256, which is preferably
larger than the opening of a typical sheath, thus preventing a
bottleneck for flow of blood carrying large embolic debris. A
flow sensor 258 (a Doppler sensor, for example) may be part
of the flow circuit, allowing for real-time and failsafe verifi-
cation of flow and direction. A contrast injection/blood aspi-
ration apparatus 260 can be attached to the sidearm 230 near
the sideport 256, along with a contrast reservoir 264, to pre-
vent inadvertent air embolism. A stopcock 244 can be
employed at the junction between the sidearm 230 and injec-
tion/aspiration apparatus 260. When stopcock 244 is open,
the opened passage preferably has a large lumen. A filter 268
can also be attached to the sidearm 230. The filter apparatus
may be made integral to the device 210 to simplify the com-
ponents in the device 210. As indicated by flow arrow 272,
sidearm 230 can lead to a venous sheath (not shown) such as
the sheath 28 of the embodiment of FIG. 1.

In some embodiments, the sheath 224 may have an insert-
able length or first shaft portion extending proximally from
the balloon 252. Over the entirety of the insertable length, the
sheath 224 has a cross-sectional size (e.g., about 6-8 French)
which is suitable for insertion into the CCA 12. (Although the
cross-sectional size need not be uniform along the insertable
length, the maximum cross-sectional size along the insertable
length should be suitable for insertion into the CCA.) In
certain such embodiments, the insertable length is less than
about 75 cm, less than about 50 cm, less than about 30 cm, or
less than about 15 cm. In still other embodiments, the insert-
able length is between about 2 cm and about 25 cm, or
between about 2 cm and about 15 cm. More generally, the
insertable length may be relatively short as may be suitable
for transcervical access to the CCA.

In some embodiments, the shaft 224a of the sheath 224 is
constructed to be generally rigid. Advantageously, a rigid
sheath 224 can be inserted into the CCA 12 without need to
“ride” the sheath 224 over a guidewire. As another alternative
the shaft 2244 may be made generally rigid but sufficiently
malleable to permit the user to “pre-bend” the shaft 224a,
such that the shaft maintains the bent shape imparted by the
user. With such a malleable shaft 224a, the user can custom-
shape the sheath 224 to fit the vasculature of the patient, and
more easily manipulate the sheath 224 into position in the
CCA 12. The pre-bend may be made based on the user’s
observations of the patient’s carotid vasculature. A sheath 224
which is rigid and/or malleable as discussed above can be
made from stainless steel or suitable soft metals, or any suit-
able polymeric materials.

In a further embodiment, illustrated in FIGS. 3, 3A and 3B,
the arterial catheter/sheath 324 of the apparatus has an open-
ing 374 in the side of the sheath distal of a first inflatable
membrane or balloon 352, located on the outside of the sheath
324. A second inflatable membrane or balloon 325 is located
onthe outside of the sheath 324, distal of the opening 374. The
balloon sheath 324 is inserted into the ECA 320, for example
over a guidewire (not shown). After the guidewire (not
shown) has been removed from the sheath 324, a blocker 378
(also shown in FIG. 3A) is passed through the sheath 324 to
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occlude the distal lumen 373 of the sheath 324. The blocker
378 can be delivered by means of a detachable pusher rod
380. Alternately, a valve (not shown) or other mechanism may
be fashioned to close the lumen 373 of the sheath 324 leading
to ECA 320 after removal of the guidewire. The second bal-
loon 325 is then inflated to create a seal preventing flow in the
ECA 320. The first balloon 352 may be inflated to occlude the
CCA 312. An angioplasty balloon and stent 329 may then be
passed over a guidewire 376 through the side opening 374 in
the arterial sheath 324, and into the internal carotid artery 342,
with or without predilation angioplasty of the lesion 316.

In one embodiment, the first balloon 352 has an inflated
diameter of up to about 13 mm and the second balloon 325 has
an inflated diameter of up to 6 mm. The balloons are prefer-
ably spaced about 2-6 cm apart on the sheath 324.

A sliding or removable sleeve 382 (see FIG. 3B) may be
included to cover the side opening 374 in the arterial sheath
324, allowing two catheters (not shown) to pass through the
sheath 324 without blood leakage out of the sheath 324 into
the operative field external of the patient. The flexible and
removable sleeve 382 may be formed from any suitable mate-
rial such as plastic or be formed from any suitable peelable
tape.

A sheath equipped with the sleeve 382 may be useful, for
example, for treating common carotid lesions (not shown) or
treating internal carotid lesions when the ECA is occluded. In
these cases, the sheath cannot be extended into the occluded
ECA so only the very tip of the sheath 324 with the distal
second balloon 325 is placed into and occludes the CCA 352.
There is no need for a separate ECA occlusion balloon if the
ECA is already occluded or severely narrowed with disease.
Such a positioning of the sheath may result in the side opening
374 or hole in the sheath being external the patient. The side
opening 374 is thus covered with the sleeve 382 to inhibit or
prevent blood from spurting out of the sheath 324 onto the
operative field.

An occluded ECA is not shown in FIG. 3, but the following
description assumes an occluded ECA, and the second bal-
loon 325 positioned in, and occluding, the CCA 312. A cath-
eter (e.g. the catheter 329) for performing angioplasty and
stent deployment is passed through the end of the sheath for
positioning in the ICA 342. In this manner, the sheath 324 of
FIG. 3 operates in a manner similar to the sheath 224 of FIG.
2, with the second balloon 325 serving to occlude the CCA
312. The first uninflated balloon 352 of the sheath 324
remains outside of the patient and thus inactive. Note, in this
case, no blocker 378 is used.

If the ECA is not occluded, the sleeve 382 can be either
peeled away or slid away to allow the sheath 324 to be pushed
farther distally through the incision and into the hole in the
artery so that the second balloon 325 is positioned in the ECA
320. Such a placement of the sheath 324, as discussed above,
permits deployment of the stent 329 through the sidehole 374
instead of through the end hole 373 of the sheath 324. The
decision concerning where to place the tip of the sheath is
made during the initial angiogram. As can be appreciated,
such a sheath may also be useful for performing the procedure
illustrated in FIG. 2.

Asindicated by flow arrow 372, a sidearm 330 of the sheath
324 can lead to a shunt such as the shunt 32 described above,
afilter, a contrast injection/blood aspiration apparatus such as
the apparatus 260 described above, a contrast reservoir such
as the reservoir 264 described above, stopcocks, a venous
sheath such as the sheath 28 of FIG. 1, or any combination of
the above.

In an alternative embodiment, the sheath 324 of FIGS. 3-4
may have a closed distal tip (instead of the open tip and
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8
blocker shown in FIGS. 3-4). Such a closed distal tip prefer-
ably has a tapered, atraumatic configuration. With a closed
distal tip, the sheath 324 can be inserted into the CCA 12 and
ECA 320 without the use of a guidewire.

In some embodiments, the sheath 324 may have an insert-
able length or first shaft portion extending proximally from
the first balloon 352. Over the entirety of the insertable length,
the sheath 324 has a cross-sectional size (e.g., about 6-8
French) which is suitable for insertion into the CCA 12.
(Although the cross-sectional size need not be uniform along
the insertable length, the maximum cross-sectional size along
the insertable length should be suitable for insertion into the
CCA.) In certain such embodiments, the insertable length is
less than about 75 cm, less than about 50 cm, less than about
30 cm, or less than about 15 cm. In still other embodiments,
the insertable length is between about 2 cm and about 25 cm,
or between about 2 cm and about 15 cm. More generally, the
insertable length may be relatively short as may be suitable
for transcervical access to the CCA.

In some embodiments, the shaft 324a of the sheath 324 is
constructed to be generally rigid. Advantageously, a rigid
sheath 324 can be inserted into the CCA 12 without need to
“ride” the sheath 324 over a guidewire. As another alternative
the shaft 324a may be made generally rigid but sufficiently
malleable to permit the user to “pre-bend” the shaft 324a,
such that the shaft maintains the bent shape imparted by the
user. With such a malleable shaft 324a, the user can custom-
shape the sheath 324 to fit the vasculature of the patient, and
more easily manipulate the sheath 324 into position in the
CCA 12. The pre-bend may be made based on the user’s
observations of the patient’s carotid vasculature. A sheath 324
which is rigid and/or malleable as discussed above can be
made from stainless steel or suitable soft metals, or any suit-
able polymeric materials.

Certain embodiments do not employ venous shunting. One
such embodiment is illustrated in FIG. 4. The arterial sheath
sidearm 330 is in fluid communication with a pump 484 that
allows control and verification of the amount of flow. After
passing through a filter (that can be included with pump 484),
the blood is returned to the arterial sheath 324. Blood return
may be accomplished through a separate arterial channel 486
or by causing the blood to flow into a pump reservoir 488 (see
FIG. 4A) and returning the blood through the same sidearm
port 330a after the period of cerebral protection. The latter
approach may employ valves such as valves 490 and 491.

FIG. 5 illustrates an embodiment of a reservoir apparatus
588 that may be employed to passively collect blood from the
sidearm 30/230/330 of the sheath 24/224/324. The apparatus
588 comprises a filter 568, valves 590, 591 and 597, blood
inlet port 592, blood outlet port 593, plunger 594, reservoir
598, and air outlet port 596. The sidearm 30/230/330 is con-
nected to the blood inlet port 592 and the valve 591 is initially
set to permit blood flowing from the sidearm to flow from the
inlet port 592 into the reservoir 598, while the valve 590 is
initially set to prevent fluid from flowing from the reservoir
598 past the valve 590. In addition, the blood outlet port is
connected to an arterial or venous return line, e.g. the arterial
channel 486. During the period of cerebral protection (when
the arterial blood flow is reversed via the balloon(s) and/or
clamp disclosed above), this initial setup permits arterial
blood to flow “passively” under natural arterial pressure,
proximally through the sheath 24/224/324, through the side-
arm 30/230/330 and into the reservoir 598, without need for
additional or external pressure sources. Thus the arterial
blood is collected passively in the reservoir apparatus 588; as
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the blood is collected in the reservoir 598 air is vented through
the air outlet port 596 (the valve 597 of which is left open for
this purpose).

After the period of cerebral protection is over and the
natural direction of blood flow is restored (e.g., via deflation
of the balloon(s) and/or release of the clamp), the collected
blood can be returned to the patient’s vasculature, e.g. via the
CCA 12 and implanted sheath 24/224/324. To do this the
valves 591 and 597 are closed, and the valve 590 is opened.
The plunger 594 is then depressed to force the collected blood
out of the reservoir 598, through the filter 568 and valve 590,
and out through the blood outlet port 593. If a return line such
as the arterial channel 486 is employed, the blood proceeds
through the channel 486 and implanted sheath, and back into
the CCA 12.

If desired a non-rigid overflow chamber (such as a venti-
lated bag) can be connected to the air outlet port 596 to collect
any blood that overflows the reservoir 598. As yet another
option, a metering valve (not shown) can be installed on the
sidearm 30/230/330 (or between the sidearm and the reser-
voir 598) to adjust the blood flow rate into the reservoir 598,
to account for patient-to-patient variation in natural arterial
flow rates.

As a further option, a contrast reservoir (not shown) can be
coupled to the return line/arterial channel downstream of the
blood outlet port 593, via a “T” fitting or the like, to add
contrast fluid as desired to the blood as it returns to the patient.

Additional embodiments comprise kits. A first kit com-
prises the apparatus of FIG. 1; a second kit comprises the
apparatus of FIGS. 2-2A; a third kit comprises the apparatus
of FIGS. 3-3B; a fourth kit comprises the apparatus of FIG. 4;
a fifth kit comprises the apparatus of FIG. 4, with the appa-
ratus of FIG. 4A substituted for the corresponding apparatus
of FIG. 4. A sixth kit comprises the apparatus of FIG. 4, with
the apparatus of FIG. 5 substituted for the corresponding
apparatus of FIG. 4. Any of the aforementioned kits may
further comprise special short-length (e.g. 15-45 cm)
guidewires appropriate to the cervical approach. These short-
length guidewires may be constructed to be malleable and
retain a bent shape imparted by the user, in a manner similar
to the malleable sheaths discussed above. Such guidewires
can be constructed from stainless steel or suitable soft metals,
and can be made thicker than typical guidewires.

Instead of or in addition to these short-length guidewires,
any of the kits mentioned above may comprise a “bent™ intro-
ducer needle with appropriate angulation to decrease the like-
lihood of backwall arterial puncture. The introducer needle
may have a contrast injection sideport.

Although these inventions have been disclosed in the con-
text of certain preferred embodiments and examples, it will be
understood by those skilled in the art that the present inven-
tion extends beyond the specifically-disclosed embodiments
to other alternative embodiments and/or uses of the inven-
tions and obvious modifications and equivalents thereof. In
addition, while a number of variations of the inventions have
been shown and described in varying levels of detail, other
modifications, which are within the scope of this invention,
will be readily apparent to those of skill in the art based upon
this disclosure. It is also contemplated that various combina-
tions or subcombinations of the specific features and aspects
of the embodiments may be made and still fall within the
scope of the inventions. Accordingly, it should be understood
that various features and aspects of the disclosed embodi-
ments can be combined with or substituted for one another in
order to form varying modes of the disclosed inventions.
Thus, it is intended that the scope of the present invention
herein disclosed should not be limited by the particular dis-
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closed embodiments described above, but should be deter-
mined only by a fair reading of the claims that follow.

What is claimed is:

1. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the common carotid artery to
prevent blood flow through the common carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
shaft portion having a cross-section sized to be insert-
able into the common carotid artery and a length of
between about 2 centimeters and about 25 centimeters
so as to be suitable for transcervical access to the com-
mon carotid artery;

a fluid conduit in fluid communication with the blood entry
port of the catheter to permit blood to flow through the
catheter into the fluid conduit;

a flow sensor connected directly to the fluid conduit
wherein the flow sensor senses blood flow through the
fluid conduit;

acollection reservoir comprised of a receptacle defining an
enclosed chamber that collects blood and that is con-
nected to said catheter and placed in fluid communica-
tion with said blood entry port via the fluid conduit,
wherein fluid communication comprises communica-
tion via a fluid flow path from said blood entry port to
said collection reservoir without the assistance of fluid
pressure sources other than arterial blood pressure;

a metering valve coupled to the fluid conduit, wherein the
metering valve adjusts the flow rate through the fluid
conduit; and

wherein said first occlusive member is located on said
catheter.

2. The apparatus of claim 1, wherein said second occlusive
member is located on said catheter distal of said first occlu-
sive member.

3. The apparatus of claim 1, further comprising a filter
configured to filter the blood collected in said collection res-
ervoir.

4. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the common carotid artery to
prevent blood flow through the common carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
shaft portion having a cross-section sized to be insert-
able into the common carotid artery and a length of
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between about 2 centimeters and about 25 centimeters
so as to be suitable for transcervical access to the com-
mon carotid artery;

afluid conduit that fluidly connects the catheter to a venous
return sheath;

a flow sensor connected directly to the fluid conduit
wherein the flow sensor senses blood flow through the
fluid conduit;

a metering valve coupled to the fluid conduit, wherein the
metering valve adjusts the flow rate through the fluid
conduit;

wherein said first occlusive member is located on said
catheter.

5. The apparatus of claim 1, wherein said first shaft portion

has a length of no greater than about 15 centimeters.

6. The apparatus of claim 1, wherein the flow sensor senses
a direction of blood flow through the fluid conduit.

7. The apparatus of claim 4, wherein the flow sensor senses
a direction of blood flow through the fluid conduit.

8. The apparatus of claim 1, wherein the collection reser-
voir includes an air outlet port that vents air out of the collec-
tion reservoir as blood is collected in the collection reservoir.

9. The apparatus of claim 1, wherein the flow sensor is a
Doppler sensor.

10. The apparatus of claim 4, wherein the flow sensor is a
Doppler sensor.

11. The apparatus of claim 4, wherein the flow sensor
permits real time sensing of blood flow through the fluid
conduit.

12. The apparatus of claim 4, wherein said first shaft por-
tion has a length of no greater than about 15 centimeters.

13. The apparatus of claim 4, further comprising an aspi-
ration apparatus fluidly connected to the fluid conduit, and a
contrast injection reservoir fluidly coupled to the aspiration
apparatus.

14. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the common carotid artery to
prevent blood flow through the common carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
shaft portion having a cross-section sized to be insert-
able into the common carotid artery and a length of
between about 2 centimeters and about 25 centimeters
so as to be suitable for transcervical access to the com-
mon carotid artery;

acollection reservoir comprised of a receptacle defining an
enclosed chamber that collects blood and that is con-
nected to said catheter and placed in fluid communica-
tion with said blood entry port, wherein the collection
reservoir further includes an air outlet port that vents air
out of the collection reservoir as blood is collected in the
collection reservoir;

a fluid conduit that fluidly connects the catheter to the
collection reservoir; and

wherein said first occlusive member is located on said
catheter.

5

20

25

30

35

40

45

50

55

60

65

12

15. The apparatus of claim 14, wherein the collection res-
ervoir further includes a plunger that forces collected blood
out of the collection reservoir through the blood outlet port.

16. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the common carotid artery to
prevent blood flow through the common carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
shaft portion having a cross-section sized to be insert-
able into the common carotid artery and a length of
between about 2 centimeters and about 25 centimeters
so as to be suitable for transcervical access to the com-
mon carotid artery;

a fluid conduit in fluid communication with the blood entry
port of the catheter to permit blood to flow through the
catheter into the fluid conduit;

a flow sensor connected directly to the fluid conduit
wherein the flow sensor senses blood flow through the
fluid conduit;

acollection reservoir comprised of a receptacle defining an
enclosed chamber that collects blood and that is con-
nected to said catheter and placed in fluid communica-
tion with said blood entry port via the fluid conduit;

a filter configured to filter the blood collected in said col-
lection reservoir; and

wherein said first occlusive member is located on said
catheter.

17. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the internal carotid artery to
prevent blood flow through the internal carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
shaft portion having a cross-section sized to be insert-
able into the common carotid artery and a length of
between about 2 centimeters and about 25 centimeters
so as to be suitable for transcervical access to the com-
mon carotid artery;

a fluid conduit in fluid communication with the blood entry
port of the catheter to permit blood to flow through the
catheter into the fluid conduit;

a flow sensor connected directly to the fluid conduit
wherein the flow sensor senses blood flow through the
fluid conduit;

acollection reservoir comprised of a receptacle defining an
enclosed chamber that collects blood and that is con-
nected to said catheter and placed in fluid communica-
tion with said blood entry port via the fluid conduit,

-14-



US 7,998,104 B2

13

wherein the collection reservoir includes an air outlet
port that vents air out of the collection reservoir as blood
is collected in the collection reservoir; and

wherein said first occlusive member is located on said
catheter.

18. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the internal carotid artery to
prevent blood flow through the internal carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
shaft portion having a cross-section sized to be insert-
able into the common carotid artery and a length of
between about 2 centimeters and about 25 centimeters
so as to be suitable for transcervical access to the com-
mon carotid artery;

afluid conduit that fluidly connects the catheter to a venous
return sheath;

a flow sensor connected directly to the fluid conduit
wherein the flow sensor senses blood flow through the
fluid conduit;

an aspiration apparatus fluidly connected to the fluid con-
duit;

a contrast injection reservoir fluidly coupled to the aspira-
tion apparatus;

wherein said first occlusive member is located on said
catheter.

19. The apparatus of claim 18, wherein the flow sensor is a

Doppler sensor.

20. The apparatus of claim 18, wherein the flow sensor
permits real time sensing of blood flow through the fluid
conduit.

21. The apparatus of claim 18, wherein said first shaft
portion has a length of no greater than about 15 centimeters.

22. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the common carotid artery to
prevent blood flow through the common carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member and
wherein said second occlusive member is located on said
catheter distal of said first occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
shaft portion having a cross-section sized to be insert-
able into the common carotid artery and a length of
between about 2 centimeters and about 25 centimeters
so as to be suitable for transcervical access to the com-
mon carotid artery;

20

25

30

35

40

45

50

55

60

65

-15-

14

a fluid conduit in fluid communication with the blood entry
port of the catheter to permit blood to flow through the
catheter into the fluid conduit;

a flow sensor connected directly to the fluid conduit
wherein the flow sensor senses blood flow through the
fluid conduit;

acollection reservoir comprised of a receptacle defining an
enclosed chamber that collects blood and that is con-
nected to said catheter and placed in fluid communica-
tion with said blood entry port via the fluid conduit;

a metering valve coupled to the fluid conduit, wherein the
metering valve adjusts the flow rate through the fluid
conduit; and

wherein said first occlusive member is located on said
catheter.

23. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the common carotid artery to
prevent blood flow through the common carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
shaft portion having a cross-section sized to be insert-
able into the common carotid artery and a length of
between about 2 centimeters and about 25 centimeters
so as to be suitable for transcervical access to the com-
mon carotid artery;

a fluid conduit in fluid communication with the blood entry
port of the catheter to permit blood to flow through the
catheter into the fluid conduit;

a flow sensor connected directly to the fluid conduit
wherein the flow sensor senses blood flow through the
fluid conduit;

acollection reservoir comprised of a receptacle defining an
enclosed chamber that collects blood and that is con-
nected to said catheter and placed in fluid communica-
tion with said blood entry port via the fluid conduit;

a metering valve coupled to the fluid conduit, wherein the
metering valve adjusts the flow rate through the fluid
conduit; and

a filter configured to filter the blood collected in said col-
lection reservoir;

wherein said first occlusive member is located on said
catheter.

24. An apparatus for use in carotid angioplasty comprising:

first and second occlusive members that reverse the natural
direction of blood flow in an internal carotid artery when
said first occlusive member occludes a common carotid
artery and said second occlusive member occludes an
external carotid artery, wherein said first occlusive
member abuts a wall of the common carotid artery to
prevent blood flow through the common carotid artery
across the first occlusive member and wherein said sec-
ond occlusive member abuts a wall of the external
carotid artery to prevent blood flow through the external
carotid artery across the second occlusive member;

a catheter comprising a distal end and a proximal end, a
blood entry port, and a first shaft portion extending
proximally from said first occlusive member, said first
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shaft portion having a cross-section sized to be insert- tion with said blood entry port via the fluid conduit,

able into the common carotid artery and a length of wherein the collection reservoir includes an air outlet

between about 2 centimeters and about 25 centimeters port that vents air out of the collection reservoir as blood

so as to be suitable for transcervical access to the com- is collected in the collection reservoir; and

mon caroqd.arter.y ; o ) 5 a metering valve coupled to the fluid conduit, wherein the
afluid conduit in fluid communication with the blood entry metering valve adjusts the flow rate through the fluid

port of the catheter to permit blood to flow through the conduit:

catheter into the fluid Condmt; ) ) wherein said first occlusive member is located on said
a flow sensor connected directly to the fluid conduit catheter.

wherein the flow sensor senses blood flow through the |, 25 The apparatus of claim 14, wherein said first shaft

fluid conduit; portion has a length of no greater than about 15 centimeters.

acollection reservoir comprised of a receptacle defining an
enclosed chamber that collects blood and that is con-
nected to said catheter and placed in fluid communica- L
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