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PERFUSION SHUNT APPARATUS AND METHOD 

0001. This is a continuation of U.S. application Ser. No. 
09/642,570, filed Aug. 17, 2000, which is a continuation of 
U.S. application Ser. No. 08/996,532, filed Dec. 23, 1997, 
now U.S. Pat. No. 6,258,120. This is also a continuation 
in-part of U.S. application Ser. No. 09/016,714, filed Jan. 30, 
1998, which is a continuation-in-part of U.S. application Ser. 
No. 08/854,806, filed May 12, 1997, now U.S. Pat. No. 
6,231,544. This is also a continuation-in-part of U.S. appli 
cation Ser. No. 09/467,293, filed Dec. 17, 1999, which is a 
continuation of U.S. application Ser. No. 09/387,634, filed 
Aug. 31, 1999, now U.S. Pat. No. 6,176,851, which is a 
continuation of U.S. application Ser. No. 08/993,202, filed 
Dec. 18, 1997, now U.S. Pat. No. 6,048,331, which is a 
continuation-in-part of U.S. application Ser. No. 08/854, 
806, filed May 12, 1997, now U.S. Pat. No. 6,231,544. All 
of the above patents and applications are expressly incor 
porated herein by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to aortic 
diverters for temporary or permanent placement in the aorta 
in order to divert embolic material away from the arteries 
that carry blood to the brain, i.e., the carotid or cerebral 
arteries (including the brachiocephalic trunk, the left com 
mon carotid, and the left Subclavian, ANNE R. AGUR, 
GRANT'S ATLAS OF ANATOMY 52 (9th ed., Williams & 
Wilkins 1991) (1943) (this and all other references cited 
herein are expressly incorporated by reference as if Set forth 
in their entirety in this disclosure)). More particularly, the 
invention relates to aortic diverters placed within the ascend 
ing aorta, either temporarily or permanently, Such that 
embolic debris entering the aorta are carried through or past 
the diverter and past the carotid arteries, thus being diverted 
away from cerebral blood vessels. The present invention 
also relates to methods of protecting patients against cere 
bral embolization by using aortic diverters. 

BACKGROUND OF THE INVENTION 

0.003 Preventing emboli from entering the carotid arter 
ies (i.e., the brachiocephalic, the left common carotid, and 
the left subclavian) by way of the aorta reduces the incidence 
of ischemic Stroke. Emboli in the aorta come from Several 
Sources. These Sources include: 1) aortic atheroma which 
detaches from the wall of the aorta due to various reasons 
including incising, clamping, and/or clamp release of the 
aorta during Surgery (see, Barbut et al., “Cerebral Emboli 
Detected During Bypass Surgery Are Associated With 
Clamp Removal.''Stroke, 25(12):2398-2402 (1994)); 2) 
thrombus which forms in the right atrium resulting from 
atrial fibrillation; 3) thrombus which forms on ventricular 
assist devices; 4) venous thrombus which passes into the left 
Ventricle through a patent foramen ovale or other arterio 
venous shunt; and 6) other less common Sources. 
0004. There are a number of known devices designed to 

filter blood (See, e.g., Barbut et al., International Application 
No. PCT/US97/12751, and Barbut et al., U.S. Pat. No. 
5,662,671), but no known devices designed to divert or 
redirect emboli past the carotid arteries. Using careful Sur 
gical techniques, the chance of an embolic event causing 
harm to the patient by way of cerebral embolization is so low 
that emboli managing devices have not been considered. 
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Thus, there are no known Solutions to minimizing the 
probability of cerebral embolization, except for reducing the 
amount of emboli released into the blood stream by careful 
handling of blood vessels. 
0005. On the venous side of the circulatory system, 
implantable vena cava filters reduce the incidence of pull 
monary embolism, but they only trap large emboli, and they 
have a tendency to become clogged as they accumulate 
material. For example, Cottenceau et al., U.S. Pat. No. 
5,375,612 discloses a blood filter intended for implantation 
in a blood vessel, typically in the Vena cava. This device 
comprises a ZigZagged thread wound on itself and a central 
Strainer Section to retain blood clots. Another example is 
Lefebvre, French Patent No. 2,567,405, which discloses a 
blood filter for implantation by an endovenous route into the 
Vena cava. The filtering means may consist of a flexible 
metallic grid, a flexible Synthetic or plastic grid, a weave of 
Synthetic filaments, or a non-degradable or possibly biode 
gradable textile cloth. 
0006 There are very few intravascular devices designed 
for arterial and especially aortic filtration, much less diver 
Sion. A filter that functions in arteries must address addi 
tional concerns because of the hemodynamic differences 
between arteries and Veins. Arteries are much more flexible 
and elastic than veins and, in the arteries, blood flow is 
pulsatile with large preSSure variations between Systolic and 
diastolic flow. These pressure variations cause the artery 
walls to expand and contract. Thus, filters and diverters must 
be able to expand and contract along with the lumen of the 
aorta to which they may be anchored. 
0007. The problem of preventing emboli from reaching 
the cerebral vasculature has thus far not been adequately 
addressed. Therefore, a need exists for new devices and 
methods to prevent embolic material from entering the 
carotid/cerebral arteries, while maintaining peripheral blood 
flow from the heart to the descending aorta. 

SUMMARY OF THE INVENTION 

0008. The present invention relates to aortic diverters and 
methods of diverting or redirecting emboli away from the 
carotid arteries to prevent cerebral embolization. The inven 
tion includes Safe aortic diverters positionable in the ascend 
ing aorta in order to divert embolic material of all sizes away 
from the carotid arteries, thereby washing emboli down 
Stream into the thoracic and peripheral vasculature. The 
devices of the present invention are adapted to be placed in 
the ascending and transverse aorta in order to divert embolic 
material away from the carotid arteries. This embolic matter 
includes but is not limited to atheromatous fragments or 
material, thrombus, globules of fat, air bubbles, clumps of 
bacteria and/or other foreign matter, tumor cells, or any 
other bits of tissue. The aortic diverters of the present 
invention can be placed Surgically, endoscopically or per 
cutaneously, and either permanently or temporarily. 

0009. In one embodiment of the invention the aortic 
diverter includes two components. The first component is a 
hollow tube, which is Substantially cylindrical, conical or 
frustoconical in shape. The hollow tube is an appropriate 
Size to fit within the lumen of the ascending aorta. The 
proximal end of the hollow tube is adapted to fill the lumen 
of the aorta so that substantially all blood entering the 
ascending aorta from the heart must travel through the 
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hollow tube in order to continue past the ascending aorta and 
into the other arteries leading to the rest of the human body. 
The Second component is an anchoring mechanism for 
Securing the hollow tube to the lumen of the aorta. 
0010. In another embodiment the aortic diverter also 
includes two components. The first component is a hollow 
tube, which is Substantially cylindrical, conical or frusto 
conical in shape. The hollow tube is an appropriate size to 
fit within the lumen of the ascending aorta. The proximal end 
of the hollow tube is adapted to fill the lumen of the aorta so 
that Substantially all blood entering the ascending aorta from 
the heart must travel through the hollow tube in order to 
continue past the ascending aorta and into the other arteries 
leading to the rest of the human body. The Second compo 
nent is a sleeve Secured to the proximal end of the hollow 
tube. The sleeve can be Substantially rigid and circumfer 
entially sized to frictionally anchor the hollow tube to the 
lumen of the aorta. 

0011. In another embodiment, the aortic diverter is a flat, 
planar, Snowshoe device that can be placed acroSS the apex 
of the aorta in order to prevent emboli from flowing into the 
carotid arteries. The Snowshoe diverter comprises a planar 
tongue and a handle, and can also include Supports or legs 
mounted on either or both sides of the tongue. The handle is 
attached to the proximal end of the tongue for convenient 
connection to an introducing device Such as a cannula, and 
is also useful for easy orientation and placement of the 
Snowshoe diverter within the aorta. The handle itself can be 
hollow, thus acting as a cannula to Supply filtered blood to 
the carotid arteries as well as the descending aorta. The 
hollow cannulated handle can be attached to the tongue Such 
that blood flowing out of the handle and into the aorta is 
partitioned by the tongue to flow either anterior or posterior 
the tongue. Alternatively, the cannulated handle can be 
attached to the tongue So that all blood flowing out of the 
handle and into the aorta flows anterior the tongue. Alter 
natively, the cannulated handle can be attached to the tongue 
so that all blood flowing out of the handle and into the aorta 
flows posterior the tongue. Alternatively, the handle can be 
Solid with no lumen for blood flow. The handle can also be 
flexible and bendable in order to move the handle out of the 
way of the Surgeon. The tongue of the Snowshoe diverter has 
a compliant framework that allows conformance with natu 
rally irregular interval wall structures within the aorta. The 
framework allows the size of the tongue to be reduced 
allowing for introduction through Small incisions, thus mini 
mizing aortic trauma. Thus, the tongue can be rolled or 
folded up in any direction or manner. The framework can 
comprise rings that are circular or oval. Alternatively, the 
framework can be a figure-eight Suspension frame. The 
tongue also has a thin, compliant membrane that is imper 
meable to emboli. The membrane can be made of a mesh 
material that may be cotton based, Teflon, nitinol, urethane 
or polyurethane, any combination of the above, or a com 
bination of the above along with wire. Alternatively, the 
tongue can be made of material that is impermeable to 
blood, but have one or more way valves allowing unidirec 
tional blood flow. The tongue can be flexible and/or elasto 
meric, thus enabling the tongue to be rolled or folded up in 
any direction or manner. The tongue can be amoeba-shaped, 
curved or billowed, tapered, or a combination thereof. 
0012. The methods of the present invention relate to the 
prevention of cerebral embolization. Cerebral embolization 
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can occur when emboli found in the bloodstream are carried 
to the brain and become lodged in the smaller blood vessels 
of the brain, thus obstructing blood flow to an area of the 
brain, which can result in a Stroke. One way of protecting 
patients against cerebral embolization is by preventing 
emboli from reaching the Smaller blood vessels in the brain. 

0013 In one method of the invention an aortic diverter is 
provided. The aortic diverter is inserted into the aortic arch 
in the region of the carotid arteries. The Surgeon Secures the 
aortic diverter to the lumen of the aorta So that the proximal 
end of the aortic diverter extends upstream of the brachio 
cephalic trunk while the distal end of the aortic diverter 
extends downstream of the left subclavian artery. In the 
uncommon case where the carotid arteries directly con 
nected to the aortic arch are just the left and right branch of 
the brachiocephalic trunk (see ANNER. AGUR, GRANT's 
ATLAS OF ANATOMY 52 (9th ed., Williams & Wilkins 
1991) (1943) (incorporated herein by reference)), the distal 
end of the aortic diverter extends downstream of the left 
brachiocephalic trunk. With the aortic diverter placed in the 
ascending aorta in Such a manner, emboli entering the 
ascending aorta will necessarily have to flow through the 
aortic diverter and exit the distal end of the aortic diverter 
downstream of the carotid arteries, thus reducing the like 
lihood that emboli will reach the openings leading into the 
carotid arteries. 

0014. In another method the surgeon provides an aortic 
diverter comprising a planar filter material which is imper 
meable to emboli but not to blood. The surgeon inserts the 
filter material into the aortic arch in the region of the carotid 
arteries. The Surgeon Secures the filter material to the aortic 
lumen So that it completely covers all of the openings 
leading from the aorta into the carotid arteries Such that 
blood flowing into the carotid arteries is filtered of embolic 
material. The embolic material is not trapped on the filter but 
is washed downstream of the left subclavian artery or the left 
brachiocephalic trunk by the Stream of blood rushing 
through the aorta into the peripheral vasculature. 

0015. In another method the surgeon provides an aortic 
cannula. The Surgeon then penetrates the wall of the aorta 
with the aortic cannula, which can have an inflatable balloon 
occluder concentrically disposed on its distal end. The aortic 
cannula is Sutured to the wall of the aorta to prevent loSS of 
blood. The balloon occluder can be inflated to prevent 
back-flow of blood towards the region of the heart. The 
Surgeon then provides the Snowshoe diverter previously 
described. The Surgeon then inserts the Snowshoe diverter 
through the aortic cannula and into the aortic arch in the 
region of the carotid arteries, thus preventing emboli from 
flowing into the carotid arteries. Alternatively, the Snowshoe 
diverter can be integral with the aortic cannula and disposed 
on the distal end of the aortic cannula. The Surgeon then 
provides a blood-return cannula. If the handle of the snow 
shoe diverter is hollow (i.e., cannulated), the Surgeon can 
connect the blood-return cannula to the handle of the Snow 
shoe diverter Such that it is in fluid communication with the 
handle. If the handle of the Snowshoe diverter is not hollow, 
then the Surgeon can connect the blood-return cannula to the 
aortic cannula Such that it is in fluid communication with the 
aortic cannula. Alternatively, the Surgeon can insert the 
blood-return cannula through the wall of the aorta either 
upstream or downstream of the point of insertion of the 
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aortic cannula. When protection from cerebral embolization 
is no longer necessary, the Surgeon removes the Snowshoe 
diverter from the aorta. 

0016. In another method, an aortic cannula with a snow 
shoe aortic diverter attached to its distal end is introduced. 
The aortic cannula is inserted through the wall of the aorta 
and the Snowshoe diverter is positioned in the region of the 
carotid arteries. The aortic cannula can be inserted through 
the wall of the aorta while the snowshoe diverter fully 
deployed. Alternatively, the Snowshoe diverter can be hid 
den inside the lumen of the aortic cannula until after the 
aortic cannula is inserted through the wall of the aorta. The 
Snowshoe diverter can then be deployed and positioned over 
the carotid arteries. The Snowshoe diverter extends over all 
of the openings leading into the carotid arteries. The aortic 
cannula is Sutured to the wall of the aorta to prevent loss of 
blood. A cardioplegia cannula comprising an opening in its 
distal end is then introduced. The cardioplegia cannula also 
has an inflatable balloon occluder concentrically mounted 
around its distal end. The cardioplegia cannula is inserted 
through the wall of the aorta and Sutured to the wall of the 
aorta to prevent loss of blood. The balloon occluder is 
inflated to prevent all fluid flow downstream thereof, and 
then cardioplegia Solution is delivered to the heart through 
the opening in the distal end of the cardioplegia cannula. 
Blood from a bypass machine is introduced into the aorta 
through aortic cannula. Blood flowing out of the distal end 
of the cannula and into the aorta can be partitioned by the 
Snowshoe diverter Such that Some of the blood flows to the 
carotid arteries superior to the snowshoe diverter while the 
rest of the blood flows anterior the Snowshoe diverter and 
toward the descending aorta and peripheral vasculature. 
Alternatively, the Snowshoe device can be attached to the 
distal end of the aortic cannula in Such a way as to divert 
Substantially all blood exiting the distal end of the cannula 
to either the carotid arteries or the peripheral vasculature. 

0.017. In another method the surgeon provides an aortic 
diverter, which is a Substantially cylindrical, conical or 
frustoconical hollow tube comprising a wall that is imper 
meable to emboli. The hollow tube is substantially flexible, 
is in a compressed State, and is releasably carried by an 
intravascular catheter for percutaneous delivery into the 
aorta. When deployed, the hollow tube allows blood to flow 
through the tube, and the proximal end of the hollow tube is 
circumferentially sized to completely fill the lumen of the 
aorta. The Surgeon introduces the intravascular catheter 
containing the compressed aortic diverter into the vascular 
System. The Surgeon advances the intravascular catheter into 
the aortic arch to the region of the carotid arteries. The 
Surgeon deploys the aortic diverter So that the aortic diverter 
radially expands to contact the lumen of the aorta. In the 
fully deployed State, the proximal end of the aortic diverter 
should completely fill the lumen of the aorta and should 
extend upstream of the brachiocephalic trunk. The distal end 
of the aortic diverter should extend downstream of the left 
Subclavian artery (or the left brachiocephalic trunk in those 
patients having this as the most downstream carotid artery) 
So that when emboli exit the distal end of the aortic diverter, 
they are downstream of the carotid arteries, thus reducing 
the likelihood that they will reach the openings leading into 
the carotid arteries. The Surgeon then Secures the aortic 
diverter to the lumen of the aorta, either by friction of 
contact or by other means discussed herein. 
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0018. The present invention addresses the dangers asso 
ciated with cerebral embolization. Specifically, embolization 
contributes Significantly to problems Such as Stroke, lengthy 
hospital stays, and, in Some cases, death. 

0019 Embolic material, which has been detected at 2.88 
mm in diameter, will generally range from 0.02 mm (20 um) 
to 5 mm, and consists predominantly of atheromatous frag 
ments dislodged from the aortic wall and air bubbles intro 
duced during dissection, but also includes platelet aggre 
gates which form during cardiac Surgery, thrombus in 
general, globules of fat, clumps of bacteria and/or other 
foreign matter, tumor cells, or any other bits of tissue. These 
emboli enter either the cerebral circulation or Systemic 
arterial System. Those entering the cerebral circulation 
obstruct Small arteries and lead to macroscopic or micro 
Scopic cerebral infarction, with ensuing neurocognitive dyS 
function. 

0020. It is an object of the present invention to eliminate 
or reduce the incidence of cerebral embolization. The 
present invention is intended to divert emboli away from the 
carotid arteries, which direct blood to the brain. This diver 
Sion prevents Strokes, which can lead to lengthy hospital 
stays, damage to the brain, and Sometimes death. The 
present invention is particularly Suited for those who are at 
high risk of Suffering from cerebral embolization, Such as 
elderly patients and those who have atheromatosis, as well 
as those patients undergoing cardiac Surgery, which has been 
shown to result in the release of emboli into the bloodstream. 
See, for example, Barbut et al., “Cerebral Emboli Detected 
During Bypass Surgery Are Associated With Clamp Remov 
al,"Stroke, 25(12):2398-2402 (1994). 
0021 AS for the devices, one object is to provide safe and 
reliable devices that are easy to manufacture and use. A 
further object is to provide devices that may be used in the 
aorta, and especially in the ascending aorta. Yet another 
object is to provide devices that will reduce the likelihood of 
cerebral embolization, especially in those patients who are at 
high risk for cerebral embolization. Yet another object is to 
provide devices that can be introduced into the aorta and 
Secured to the lumen of the aorta with minimal trauma to the 
patient. 

0022. The devices disclosed herein have the following 
characteristics: they can withstand high arterial blood flow 
rates for an extended time; they can expand and contract 
with the wall of the aorta; they can be made of a monolithic 
molded material that is impermeable to blood as well as 
emboli, Such as Teflon impregnated with an anti-thrombo 
genic coating or nitinol impregnated with an anti-thrombo 
genic coating, or they can be made of material that is 
impermeable to emboli and not blood, Such as a mesh, a 
woven material, or a thin polymer; they can be biodegrad 
able; they can include openings on their walls of any shape 
or predetermined pattern, wherein the openings are covered 
in material that is impermeable to emboli, they can be 
introduced Surgically, endoscopically, or percutaneously 
with cannulas or intravascular catheters introduced through 
the femoral artery, Subclavian artery, brachiocephalic artery, 
or a cut-down to the abdominal aorta; they can be left in the 
aorta permanently or temporarily, they can be Secured to the 
lumen of the aorta through various mechanisms including 
Sutures, Surgical clips, hooks, adhesive material, Substan 
tially rigid sleeves, or frictional engagement; they can be 
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flat, conical, frustoconical, or cylindrical; they can be radi 
ally Self-expanding or expanded mechanically; they can be 
substantially rigid or substantially flexible like a “wind 
Sock,” and they can be sized to fit vessels of varying Sizes. 
0023 AS for the methods of this invention, an object is to 
prevent cerebral embolization. The methods of this inven 
tion can be employed on various patients, especially those at 
high risk for cerebral embolization, in order to reduce the 
incidence of cerebral embolization, which can lead to neu 
rologic or cognitive complications and death. Another object 
is to temporarily or permanently divert emboli away from 
the carotid arteries by forcing emboli downstream of the 
openings leading from the aorta into the carotid arteries. 
Another object is to provide a method for eliminating or 
minimizing cerebral embolization during invasive cardiac 
procedures. Yet another object is to provide a method of 
introducing an aortic diverter intravascularly or with a 
cannula for minimal trauma to the patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. Reference is next made to a brief description of the 
drawings, which are intended to illustrate aortic diverters 
and methods of their use. The drawings and detailed descrip 
tion which follow are intended to be merely illustrative and 
are not intended to limit the Scope of the invention as Set 
forth in the appended claims. 
0.025 FIG. 1 is a longitudinal view of an aorta diverter 
according to one embodiment, showing the aortic diverter 
positioned within the ascending aorta. 
0.026 FIG. 2 is a longitudinal view of an aortic diverter 
according to another embodiment, and in which the aortic 
diverter is positioned within the ascending aorta and is made 
of a material that is permeable to blood but impermeable to 
emboli. 

0.027 FIG. 3 is a longitudinal view of an aortic diverter 
according to another embodiment, and in which the aortic 
diverter is positioned within the ascending aorta and is made 
of a material that is impermeable to blood, wherein the aortic 
diverter has openings on its Surface, and wherein the open 
ings are covered with material that is permeable to blood but 
impermeable to emboli. 

0028 FIG. 4 is a three-dimensional drawing of an aortic 
diverter according to another embodiment, showing the 
aortic diverter positioned acroSS the openings leading into 
the carotid arteries, and in which the aortic diverter is 
permeable to blood but impermeable to emboli. 
0029 FIG. 5 is a longitudinal view of a temporary aortic 
diverter, wherein a cannula penetrating the lumen of the 
ascending aorta is used to hold the aortic diverter in position 
during Surgery, and wherein a cardioplegia cannula with a 
balloon occluder is used to deliver cardioplegia Solution to 
the heart. 

0030 FIG. 6 is a longitudinal view of an intravascular 
catheter with associated Self-expanding aortic diverter and 
removable actuation sleeve. 

0.031 FIG. 7 is a cross-sectional view through section 
line 7-7 of the device depicted in FIG. 6. 
0.032 FIG. 8 is a longitudinal view of the device depicted 
in FIG. 7 positioned within the ascending aorta, wherein the 
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actuation Sleeve is shown being removed to release the 
Self-expanding aortic diverter, and the aortic diverter is 
shown in a Self-expanding State. 
0033 FIG. 9 is a longitudinal view of the device depicted 
in FIG. 8 positioned within the ascending aorta, wherein the 
catheter is being removed and the aortic diverter is in a fully 
expanded and operable State within the ascending aorta. 
0034 FIG. 10 is a cross-sectional view through section 
line 10-10 of the aortic diverter as it is art. percutaneously 
delivered to the ascending aorta. 
0035 FIG. 11 is a longitudinal view of a cannula pen 
etrating the lumen of the ascending aorta, wherein an aortic 
diverter is disposed within the cannula. 
0036 FIG. 12 is a longitudinal view of the device 
depicted in FIG. 11, wherein the self-expanding aortic 
diverter is pushed through the cannula and is expanding as 
it exits the cannula. 

0037 FIG. 13 is a longitudinal view of the device 
depicted in FIG. 11, wherein the aortic diverter is in a fully 
expanded and operable State within the ascending aorta. 
0038 FIG. 14 is a longitudinal view of a snowshoe aortic 
diverter as it is inserted through the aortic cannula and into 
position in the aorta, wherein the blood-return cannula is in 
fluid communication with the aortic cannula. 

0039 FIG. 14A is a detail of the tongue of the snowshoe 
diverter of FIG. 14. 

0040 FIG. 14B is a cross-sectional view through section 
B-B of the Snowshoe aortic diverter depicted in FIG. 14. 
0041 FIG. 15 is a three-dimensional view of a tongue of 
a Snowshoe aortic diverter, wherein the tongue is flat and has 
Supports. 

0042 FIG. 15A is a threedimensional view of a tongue 
of a Snowshoe aortic diverter, wherein the tongue is curved 
or billowed. 

0043 FIG. 15B is a three-dimensional view of a tongue 
of a Snowshoe aortic diverter, wherein the tongue is tapered 
in that the proximal end of the tongue is wider than the distal 
end thereof. 

0044 FIG. 15C is a three-dimensional view of a tongue 
of a Snowshoe aortic diverter, wherein the tongue is tapered 
in that the proximal end of the tongue is narrower than the 
distal end thereof. 

004.5 FIG. 16 is a longitudinal view of a snowshoe aortic 
diverter positioned to prevent emboli from entering the 
carotid arteries, wherein a blood-return cannula is inserted 
through the wall of the aorta in order to allow blood into the 
aOrta. 

0046 FIG. 17 is a longitudinal view of a snowshoe aortic 
diverter, wherein the Snowshoe aortic diverter is directly 
connected to the distal end of an aortic cannula, wherein a 
blood-return cannula is in fluid communication with the 
aortic cannula, and wherein blood entering the aorta is 
directed either towards the carotid arteries or posterior to the 
Snowshoe diverter. 

0047 FIG. 18 is a longitudinal view of a snowshoe 
diverter inserted upstream from a blood-return cannula and 
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wherein blood returning to the peripheral vasculature must 
first pass through the Snowshoe diverter. 
0.048 FIG. 19 is a longitudinal view of a snowshoe aortic 
diverter after it has been positioned in the region of the 
carotid arteries above an aortic cannula with a inflatable 
balloon occluder, wherein the aortic cannula allows blood to 
flow into the aorta, and wherein the Snowshoe diverter 
prevents emboli from entering the carotid arteries. 
0049 FIG.20 is a longitudinal view of a snowshoe aortic 
diverter attached to the distal end of an aortic cannula with 
an inflatable balloon occluder, wherein blood flowing out of 
the distal end of the aortic cannula is diverted to flow either 
into the carotid arteries or anterior the Snowshoe diverter and 
into the peripheral vasculature. 
0050 FIG. 21 is a top view of a tapered snowshoe aortic 
diverter with a ring Suspension frame. 
0051 FIG. 21A is a cross-sectional view through section 
A-A of the Snowshoe aortic diverter depicted in FIG. 21. 
0.052 FIG. 22 is a top view of a curved or billowed 
Snowshoe aortic diverter with a ring Suspension frame. 
0.053 FIG.22A is a cross-sectional view through section 
A-A of the Snowshoe aortic diverter depicted in FIG. 22. 
0054 FIG. 23 is a top view of a flat snowshoe aortic 
diverter with Supports and a ring Suspension frame. 
0.055 FIG. 23A is a cross-section view through section 
A-A of the Snowshoe aortic diverter depicted in FIG. 23. 
0056 FIG. 24 is a top view of a flat snowshoe aortic 
diverter with a one-way valve. 
0057 FIG.24A is a cross-sectional view through section 
A-A of the Snowshoe aortic diverter depicted in FIG. 24. 
0.058 FIG. 25 is a top view of a flat snowshoe aortic 
diverter with a one-way valve and a ring Suspension frame. 
0059 FIG. 25A is a cross-sectional view through section 
A-A of the Snowshoe aortic diverter depicted in FIG. 25. 
0060 FIG. 26 is a top view of a flat snowshoe aortic 
diverter with a FIG. 8 suspension frame. 

DETAILED DESCRIPTION 

0061 Referring more particularly to the drawings, FIG. 
1 shows one embodiment of the aortic diverter 10 for use 
herein. The aortic diverter 10 is a hollow tube 20 with an 
anchoring mechanism 50 in connection with the proximal 
end 30 of the hollow tube 20. The hollow tube 20 comprises 
a substantially cylindrical or conical wall 25, which is 
impermeable to blood. The wall 25 of the hollow tube 20 can 
be made of a monolithic molded material. This material can 
be urethane, Teflon or nitinol, any of which may be impreg 
nated with an anti-thrombogenic coating. However, other 
materials that are impermeable to blood can also be used, 
including materials that are biodegradable. The hollow tube 
20 has a proximal end 30 terminating in a substantially 
circular edge adapted to fill the lumen of the aorta or the 
anchoring mechanism 50. The hollow tube also has a distal 
end 40. Both the proximal end 30 and distal end 40 of the 
hollow tube 20 are substantially open. When the aortic 
diverter 10 is placed in the aorta, blood flows from the heart, 
into the aorta, and must enter the proximal end 30 of the 
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hollow tube 20, flow through the hollow tube 20, and exit 
through the distal end 40 of the hollow tube 20. 
0062) Secured to the proximal end 30 of the hollow tube 
20 is an anchoring mechanism 50 for securing the aortic 
diverter 10 to the lumen of the aorta. The anchoring mecha 
nism 50 can be a sleeve adapted to frictionally engage the 
lumen of the aorta or any one of the following: one or more 
Sutures, one or more clips, one or more hooks, or adhesive 
material. Alternatively, the anchoring mechanism 50 may 
simply comprise the proximal end 30 of the hollow tube 20 
itself, which may be adapted to frictionally engage the 
lumen of the aorta. For example, the proximal end 30 of the 
hollow tube 20 may be substantially rigid, thus making it 
capable of being lodged into the lumen of the aorta. 
0063. The hollow tube 20 can be substantially rigid or a 
flexible windsock. Furthermore, where the hollow tube 20 is 
a flexible windsock, the proximal end 30 may still be 
Substantially rigid for frictional engagement with the lumen 
of the aorta. 

0064. The aortic diverter 10 depicted in FIG. 1 prevents 
emboli from reaching the carotid arteries because it prevents 
lateral blood flow to the carotid arteries. Blood reaches the 
carotid arteries due to back-flow over the distal end 40 of the 
aortic diverter 10. Atherembolic material continue down 
Stream because they are leSS Susceptible to being Swept 
retrograde due to their greater density over blood. 
0065 Referring now to both FIGS. 2 and 3, FIG. 2 
shows the aortic diverter 10 with a wall 25 that is made of 
a material that is permeable to blood but impermeable to 
emboli. The wall 25 can be made of a mesh material, a 
woven material, a thin polymer, or any material that is 
permeable to blood but impermeable to emboli, including 
material that is biodegradable. Furthermore, as depicted in 
the aortic diverter 10 of FIG. 3, the wall 25 of the hollow 
tube 20 can be impermeable to blood, but have openings 70 
that are covered with material 80 that is permeable to blood 
yet impermeable to emboli. When placed in the aorta, blood 
flows from the heart, into the aorta, and must enter the 
proximal end 30 of the hollow tube 20, flow through the 
hollow tube 20, and exit either through the distal end 40 of 
the hollow tube 20 or laterally through the blood-permeable 
wall 25 of FIG. 2 or the openings 70 of FIG. 3. Since the 
wall 25 of FIG. 2 and the openings 70 of FIG. 3 are 
impermeable to emboli, emboli are washed downstream 
with the current of blood that takes the emboli to the 
peripheral vasculature. The distal end of the aortic diverter 
10 may also be adapted to completely fill the lumen of the 
aorta Such that there is no backflow of blood to the carotid 
arteries. There is no need for backflow because blood flows 
to the carotid arteries laterally through the wall 25 of FIG. 
2 or the openings 70 of FIG. 3. 
0066. The aortic diverter 10, depicted in FIGS. 2 and 3 
respectively, prevent emboli from reaching the carotid arter 
ies because emboli cannot laterally pass through the wall 25 
of FIG. 2, or alternatively the openings 70 of FIG. 3. 
Furthermore, the danger of backflow carrying emboli to the 
carotid arteries is reduced because the pressure caused by 
lateral blood flow through the wall 25 of FIG. 2, or 
alternatively the openings 70 of FIG. 3, counteracts with the 
backflow pressure, reducing the amount of blood that 
reaches the carotid arteries due to backflow. Moreover, when 
the distal end 40 of the aortic diverter 10 is adapted to fill the 
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lumen of the aorta, there is no backflow to the carotid 
arteries. In either case, emboli are washed downstream and 
into the peripheral vasculature without ever reaching the 
carotid arteries. 

0067 Referring now only to FIG. 3, the openings 70 can 
be of any shape including circles, ovals, rectangles, octa 
gons, squares, or slits. The wall 25 of the hollow tube 20 
may include one opening 70 or a plurality of openings 70. 
The openings 70 can be radially disposed along the circum 
ference of the hollow tube 20 or longitudinally disposed 
along the length of the hollow tube 20. The openings can be 
one or more continuous rings disposed along the circumfer 
ence of the hollow tube 20, or one or more continuous 
columns longitudinally disposed along the length of the 
hollow tube 20. 

0068 Referring now to FIGS. 1, 2 and 3, the substan 
tially rigid proximal end 30 may be lodged into the lumen of 
the aorta by Surgically placing the proximal end 30 at a point 
where the proximal end 30 has a larger circumference than 
the lumen of the aorta. Alternatively, the hollow tube 20 can 
be introduced into the aorta in a compressed, but rigidly 
expandable State, either percutaneously or Surgically. The 
hollow tube 20 can then be allowed to self-expand or forced 
to radially expand into frictional engagement with the lumen 
of the aorta. 

0069 FIGS. 6 through 10 show one method of intro 
ducing and positioning aortic diverter 10 in the ascending 
aorta. FIGS. 6 through 10 show aortic diverter 10, which is 
self-expanding, loaded onto assembly 90 for percutaneous 
delivery. The intravascular catheter 110 operates over a 
standard guidewire 100. Aortic diverter 10 expands between 
a compressed state and a radially expanded state. FIGS. 6 
and 7 show aortic diverter 10 contained in a compressed 
state by generally inelastic sleeve 130, which surrounds 
diverter 10 and prevents it from self-expanding. 

0070 FIG. 8 shows the intravascular catheter assembly 
90 positioned in the ascending aorta. Once assembly 90 is 
correctly positioned, the sleeve 130 is pulled back, thus 
allowing aortic diverter 10 to deploy. Then, as depicted in 
FIG. 9, once the sleeve is completely removed, diverter 10 
is released, and intravascular catheter 110 is pulled back 
along the guidewire and removed. The proximal end 30 of 
the aortic diverter 10 completely fills the lumen of the aorta 
So that Substantially all blood flowing into the ascending 
aorta must pass through the aortic diverter 10. FIG. 10 is a 
cross sectional view through line 10-10 of FIG. 9 and shows 
that the wall 25 of the aortic diverter 10 is in continuous 
radial contact with and completely fills the lumen of the 
aorta 5. The distal end 40 of the aortic diverter 10 may also 
completely fill the lumen of the aorta 5 if the wall 25 of the 
aortic diverter is made of material that is permeable to blood, 
as in FIGS. 2 and 3. FIGS. 11 through 13 show another 
method of delivering the aortic diverter 10 to the ascending 
aorta. In this method, the aortic diverter 10 is again self 
expanding, but is delivered with a cannula 140 that directly 
penetrates the lumen of the aorta. FIG. 11 shows the cannula 
140, after having penetrated the aorta, with the aortic 
diverter 10 contained within the barrel of the cannula 140. 
Once the cannula 140 is in position for delivery of the aortic 
diverter 10, a piston rod 160 with a piston 170 attached to 
its distal end is advanced toward the distal end 150 or outlet 
of the cannula. As the piston rod 160 is advanced the piston 
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170 pushes against the proximal end 30 of the aortic diverter 
10, which is in a compressed State, forcing the aortic diverter 
10 toward the outlet 150 of the cannula 140. FIG. 12 shows 
the aortic diverter 10 emerging from the outlet 150 of the 
cannula 140 and Self-expanding Since it is no longer con 
tained in a compressed state. FIG. 13 shows the aortic 
diverter 10 completely deployed and operable. The proximal 
end 10 of the aortic diverter 10 completely fills the lumen of 
the aorta Such that Substantially all blood flowing into the 
aorta from the heart must flow through the aortic diverter 10. 
The distal end 40 of the aortic diverter 10 may also com 
pletely fill the lumen of the aorta if the wall 25 of the aortic 
diverter 10 is permeable to blood but impermeable to emboli 
as in FIGS. 2 and 3. 

0071 FIG. 4 shows another embodiment of an aortic 
diverter 85 comprising a substantially planar filter material 
which is permeable to blood but impermeable to emboli. The 
aortic diverter 85 can be anchored to the lumen of the aorta 
with one of the following: one or more Sutures, clips, hooks, 
or adhesive material. By placing the aortic diverter 85 so that 
it simultaneously coverS all of the openings leading from the 
aorta into the carotid arteries, the aortic diverter 85 prevents 
emboli from entering the carotid arteries. As blood flows 
through the blood-permeable material of the aortic diverter 
85, emboli are blocked and are swept downstream with the 
current of blood. 

0072 The aortic diverter 85 can be substantially rigid or 
flexible and Surgically, endoscopically, or percutaneously 
delivered to the aorta. Percutaneous delivery can be accom 
plished using an intravascular catheter assembly 90 as in 
FIG. 6 and constructing the aortic diverter 85 so that it is 
Self-expanding and concentrically mountable around the 
intravascular catheter 110. Once deployed, the aortic 
diverter 85 can be secured to the lumen of the aorta with 
various anchoring mechanisms disclosed in the preceding 
paragraph. 

0073) Surgical delivery of the aortic diverter 85 can be 
accomplished using a method similar to the one depicted in 
FIGS. 11-13. The aortic diverter 85 can be compressibly 
disposed within the barrel of the cannula 140 and con 
Structed to Self-expand when no longer constrained by the 
walls of the cannula 140. Again, the aortic diverter 85 can be 
Secured to the lumen of the aorta with the various anchoring 
mechanisms previously disclosed. 
0074) Procedures Such as incising, clamping, clamp 
release, and balloon occluding, which are applied during 
cardiopulmonary bypass, are known to cause embolization. 
For example, during cardiac Surgery, the aorta is clamped or 
balloon-occluded. Because clamping and/or balloon occlud 
ing the aorta dislodges atheromatous material from the walls 
of the aorta, which is released into the bloodstream, an aortic 
diverter is needed before clamping and/or balloon occluding 
begins in order to divert embolic material away from the 
carotid arteries. Atheromatous material also accumulates 
behind clamps during Surgery and, because removal of the 
clamps releases this material into the bloodstream, an aortic 
diverter must be maintained within the bloodstream for 
about four to ten minutes after removal of the clamps. 
0075 FIG. 5 shows a “snowshoe” aortic diverter 200 
attached to the distal end of a cannula for temporary diver 
Sion of embolic material away from the carotid arteries 
during cardiopulmonary bypass. For illustration purposes, 
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the method for diverting emboli away from the carotid 
arteries will be described in connection with the "Snowshoe” 
aortic diverter 200 depicted in FIG. 5. After a patient has 
been anaesthetized and the patient's chest has been opened 
in preparation for Surgery, the cannula 205 with aortic 
diverter 200 attached to the distal end 210 of the cannula 205 
is introduced into an incision made in the aorta. Alterna 
tively, the aortic diverter 200 may be inside the cannula and 
advanced through the distal end 210 of the cannula 205 after 
the cannula 205 is introduced into the incision made in the 
aorta. The aortic diverter 200 is positioned in the aorta, 
extending over all of the openings leading to the carotid 
arteries, in order to ensure that emboli do not reach the brain. 
The cannula 205 is Sutured to the aortic wall. Then a 
cardioplegia cannula 230 with a balloon occluder 250 
attached to its distal end 245 is introduced into another 
incision made in the aorta. The cardioplegia cannula 230 is 
Sutured to the aortic wall. The balloon occluder 250 is 
inflated in order to block all fluid flow downstream thereof, 
and the cardioplegia cannula 230 then delivers cardioplegic 
Solution through an opening 240 in its distal end into the 
heart, thereby causing the heart to be paralyzed. Balloon 
occluding may inadvertently dislodge atheromatous material 
from the walls of the aorta and release it into the blood 
stream. However, the aortic diverter 200 prevents the athero 
matous material from entering the carotid arteries. Blood 
from a bypass machine is introduced into the aorta through 
the cannula 210. Once Surgery is complete, bypass is dis 
continued, and the balloon occluder is deflated, thereby 
releasing more atheromatous material. The aortic diverter 
200 is left in position for four to ten minutes and then 
removed. 

0.076 FIG. 14 depicts another implementation of snow 
shoe diverter 200 deployed within aorta 306. Cannula 205 
includes side channel 301 for receiving filtered blood from 
a bypass machine (not shown). The blood travels through 
cannula 205, and is split into a first stream 302 (blood supply 
for carotid arteries) and a second stream 303 (blood supply 
for descending aorta) as it passes from blood Supply channel 
305 (FIG. 14B). Cannula 205 therefore delivers oxygenated 
blood to the aorta above and below diverter 200, so that the 
stream of blood is split. FIG. 14A is an expanded longitu 
dinal view of diverter 200 with handle 304, while FIG. 14B 
shows a cross-section taken through Section lines 14B in 
FIG. 14, and showing diverter 200 and blood supply chan 
nels 305. 

0077 FIGS. 15-15C show various configurations for the 
diverting member 200. FIG. 15 shows amoeba-shaped 
tongue diverter 200 having external wire Supports 308 
attached. FIG. 15A shows curved tongue diverter 200, 
which may, in Some embodiments include wire Supports (not 
shown). A diverter in the shape of a tapered tongue is 
depicted in FIGS. 15B and 15C. The diverter tongue may 
be comprised of a mesh (free of polyurethane), a mesh 
polyurethane composite, or a mesh-polyurethane-wire com 
posite. The diverter tongue may be constructed with or 
without wire Supports. 
0078. In FIG. 16, cannula 205 is used to deploy diverter 
200 in aorta 306, while separate cannula 307 delivers 
oxygenated blood to the aorta. Diverter 200 is porous for this 
implementation, thus permitting blood to enter cerebral 
circulation by passing through diverter 200. Thus, it will be 
understood that the diverter tongue may be deployed above 
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the aortic cannula (FIG.16), below the aortic cannula (FIG. 
18), or midway with respect to the aortic cannula (FIG. 17). 
The diverter may be integral with the cannula, Separately 
insertable through the cannula, or inserted through a separate 
Stick in the aorta. The diverter may be part of an aortic 
occluder in certain embodiments (FIGS. 19 and 20). Bal 
loon occluder 311 is circumferentially disposed about can 
nula 205, and diverter 200 is deployed therethrough (FIG. 
20). A top-mounted diverter structure is shown in FIG. 19, 
but it will be understood that a bottom-mounted structure 
would also be advantageous, and would deliver blood above 
the diverter. Cannula 205 optionally includes flange 310 to 
ensure proper placement and positioning through aorta 306. 
007.9 FIG. 21 shows a tapered tongue diverter 200 
having suspension ring 315 mounted therein. FIG. 21A 
depicts an end view of the diverter of FIG. 21. Suspension 
ring 315 is a collapsible force biasing element which holds 
frame 317 in an open position when not compressed. Ring 
315 is collapsible to permit loading and delivery through a 
standard cannula. FIG. 22 shows a Snowshoe diverter with 
a curved or billowed membrane (see FIG. 22A cross 
section), mesh, valve, or combination thereof. FIG. 23 
shows a diverter having a plurality of legs 316, or external 
wire Supports. 
0080. In another embodiment shown in FIG. 24, diverter 
200 includes a flap valve formed by overlap of edges 320 of 
diverter 200 (see FIG. 24A cross-section). The flap valve 
allows blood to flow in one direction (see FIG.24B). Thus, 
Such a Snowshoe is particularly useful for deployment below 
the blood cannula (see FIG. 18). Each flap of the diverter is 
formed of a nonporous membrane, filter mesh material, 
combination membrane and filter, one way flap valve, or flap 
valve with filter. This same design can be implemented with 
suspension ring 315 (see FIG. 25), multiple suspension 
rings (not shown), or a figure-eight Suspension frame (see 
FIG. 26). 
0081 All publications and patent applications cited in 
this specification are herein incorporated by reference as if 
each individual publication or patent application were spe 
cifically and individually indicated to be incorporated by 
reference. While particular devices and methods have been 
described for diverting emboli away from the carotid arter 
ies, once this description is known, it will be apparent to 
those of ordinary skill in the art that other embodiments and 
alternative Steps are also possible without departing from the 
spirit and scope of the invention. Moreover, it will be 
apparent that certain features of each embodiment can be 
used in combination with devices illustrated in other 
embodiments. Accordingly, the above description should be 
construed as illustrative, and not in a limiting Sense, the 
Scope of the invention being defined by the following 
claims. 

What is claimed is: 
1. A catheter apparatus for use in a body passage, com 

prising: 

a catheter Shaft; 
an expandable conduit defined by a filter mesh material of 

varying porosity mounted on Said catheter Shaft, Said 
expandable conduit having an upstream end and a 
downstream end, Said expandable conduit having a 
collapsed position in which Said expandable conduit is 
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collapsed toward Said catheter shaft and an expanded 
position in which Said upstream end of Said expandable 
conduit is open to fluid flow; and 

an upstream Sealing member at Said upstream end of Said 
expandable conduit for creating a Seal between Said 
upstream end of Said expandable conduit and an inter 
nal wall of the body passage. 

2. The catheter apparatus of claim 1, wherein Said 
upstream Sealing member comprises an inflatable toroidal 
balloon. 

3. The catheter apparatus of claim 1, further comprising a 
perfusion lumen within Said catheter Shaft in fluid commu 
nication with a Space exterior to Said expandable conduit. 

4. The catheter apparatus of claim 1, wherein Said expand 
able conduit further comprises at least one longitudinal 
Support member attached to a wall of Said expandable 
conduit. 

5. The catheter apparatus of claim 1, wherein Said expand 
able conduit further comprises an end wall of porous fabric 
acroSS Said downstream end of Said expandable conduit. 
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6. The catheter apparatus of claim 1, further comprising 
an occlusion member for Selectively occluding Said expand 
able conduit. 

7. The catheter apparatus of claim 6, further comprising 
an infusion lumen within Said catheter shaft having an 
infusion port upstream of Said occlusion member. 

8. The catheter apparatus of claim 7, further comprising a 
Second perfusion lumen within Said catheter shaft. 

9. The catheter apparatus of claim 1, further comprising a 
tubular sheath sized to fit over said expandable conduit when 
in Said collapsed position. 

10. The catheter apparatus of claim 6, wherein said 
occlusion member is an inflatable occlusion balloon. 

11. The catheter apparatus of claim 1, wherein Said 
catheter Shaft is positioned external to Said expandable 
conduit. 

12. The catheter apparatus of claim 1, wherein Said 
catheter shaft is positioned internal to Said expandable 
conduit. 


