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(57) ABSTRACT 

The present invention is related to cerebral embolic protec 
tion assemblies (CEPA) to be used during a medical proce 
dure to help redirect or catch emboli before it is pumped into 
the cerebral circulation. A variety of CEPA’s are disclosed 
including a perfusion ?lter catheters and ?uid ?oW dividers 
for capturing and redirecting potential emboli Within the 
aorta during heart surgery and cardiopulmonary bypass. The 
catheter devices may further include one or more additional 
or auxiliary ?oW control members. Furthermore, oxygenated 
blood is perfused through a perfusion lumen in the catheter. 
The present invention describes devices that are capable of 
capturing and/or redirected emboli aWay from the cerebral 
circulation. The devices are con?gured for percutaneous, 
intercostal, lateral or central insertion With attendant admin 
istration of cardiopulmonary bypass and cardioplegic arrest 
With protection from undesirable embolic events. 
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CEREBRAL EMBOLIC PROTECTION ASSEMBLY 
AND METHOD OF USE 

CROSS REFERENCE TO OTHER 
APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No. 09/447458, ?led Nov. 22, 1999, now US. Pat. No. 
6,395,014, Which is a continuation-in-part of application Ser. 
No. 09/158,405 ?led Sep. 22, 1998, now US. Pat. No. 
6,361,545, Which claims the bene?t of US. Provisional 
Application No. 60/060,117 ?led Sep. 26, 1997, and a 
continuation-in-part of application Ser. No. 09/378,676, 
?led Aug. 20, 1999, now US. Pat. No. 6,371,935, Which 
claims the bene?t of US. Provisional Application No. 
60/116,836 ?led Jan. 22, 1999. These and all other US. 
patents and patent applications referred to herein are incor 
porated by reference in their entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a catheter 
or cannula for infusion of oxygenated blood or other ?uids 
into a patient for cardiopulmonary support and cerebral 
protection. More particularly, it relates to an arterial perfu 
sion catheter With a deployable cerebral embolic protection 
assembly (CEPA) for protecting a patient from adverse 
effects due to emboli that are dislodged during cardiopul 
monary bypass. 

BACKGROUND 

[0003] Over the past decades tremendous advances have 
been made in the area of heart surgery, including such life 
saving surgical procedures as coronary artery bypass graft 
ing (CABG) and cardiac valve repair or replacement sur 
gery. Typically, in order to gain access to the heart a median 
sternotomy is performed, Which creates an open surgical 
?eld, conducive for the placement of cannulae and direct 
visualiZation for performing the required procedure. Heart 
activity generally ceases for some period of time, and 
cardiopulmonary support is provided by diverting blood 
through an extracorporeal circuit to maintain sufficient oxy 
genated blood How to the body and brain While the heart is 
arrested. Cardiopulmonary bypass (CPB) is a technology 
that has made these advances possible. 

[0004] Recently, hoWever, there has been a groWing 
aWareness Within the medical community as Well as the 
patient population concerning the adverse affects associated 
With heart surgery, the large amount of trauma associated 
With median sternotomies, as Well as Well the physiological 
reactions associated With cardiopulmonary bypass. Chief 
among these concerns is the potential for stroke or neuro 
logic de?cit. 

[0005] Clinical research has indicated that one of the 
primary causes of stroke or neurologic de?cit is cerebral 
emboliZation. Emboli vary in siZe as Well as physical 
properties and their sources vary. HoWever, embolic mate 
rials include atherosclerotic plaques or calci?c plaques 
residing Within the ascending aorta or cardiac valves and 
thrombus or clots from Within the chambers of the heart. 
Emboli may also be dislodged during surgical manipulation 
of the heart, the ascending aorta, cross-clamping, aortic 
cannulation or due to high velocity jetting (sometimes called 
the “sandblasting effect”) from the aortic perfusion cannula. 
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In addition, air can enter the heart chambers or the blood 
stream during surgery through open incisions or through the 
aortic perfusion cannula. As blood is pumped to the brain, 
either through the extracorporeal circuit or by the beating 
heart in an off-pump minimally invasive procedure, transient 
or mobile emboli can become lodged in the brain causing a 
stroke or other neurologic de?cit. Clinical studies have 
shoWn a correlation betWeen the number and siZe of emboli 
passing through the carotid arteries and the frequency and 
severity of neurologic damage. At least one study has found 
that frank strokes seem to be associated With macroemboli 
larger than approximately 100 micrometers in siZe, Whereas 
more subtle neurologic de?cits seem to be associated With 
multiple microemboli smaller than approximately 100 
micrometers in siZe. In order to improve the outcome of 
cardiac surgery and to avoid adverse neurological effects it 
Would be very bene?cial to eliminate or reduce the potential 
of such cerebral embolic events. 

[0006] Therefore, What has been needed and heretofore 
unavailable, is a catheter device for standard open chest 
surgery and for use in minimally invasive medical proce 
dures that is simple and relatively inexpensive. One Which 
is capable of isolating the circulation of the arch vessels, 
While still alloWing the heart to perform the function of 
perfusing the body or alternatively one that can be used in 
conjunction With an extracorporeal circuit. The present 
invention solves these problems as Well as others. 

[0007] The terms doWnstream and upstream, When used 
herein in relation to the patient’s vasculature, refer to the 
direction of blood How and the direction opposite that of 
blood ?oW, respectively. In the arterial system, doWnstream 
refers to the direction further from the heart, While upstream 
refers to the direction closer to the heart. The terms proximal 
and distal, When used herein in relation to instruments used 
in the procedure, refer to directions closer to and farther 
aWay from the operator performing the procedure. Since the 
present invention is not limited to peripheral or central 
approaches, the device should not be narroWly construed 
When using the terms proximal or distal since device fea 
tures may be slightly altered relative to the anatomical 
features and the device position relative thereto. 

SUMMARY OF THE INVENTION 

[0008] In keeping With the foregoing discussion, the 
present invention takes the form of a catheter or cannula 
having a cerebral embolic protection assembly (CEPA) 
mounted on an elongated tubular catheter shaft. The elon 
gated tubular catheter shaft is adapted for introduction into 
a patient’s ascending aorta either by a peripheral arterial 
approach or by a direct aortic puncture. The CEPA has an 
undeployed state Where it is compressed or Wrapped tightly 
around the catheter shaft and a deployed state Where it 
expands to the siZe of the aortic lumen. The CEPA assembly 
can be passively or actively deployed. Various mechanisms 
are disclosed for both passive and active deployment. 

[0009] Radiopaque markers and/or sonore?ective markers 
may be located on the catheter and/or CEPA. Preferably, a 
perfusion lumen extends through the elongated tubular cath 
eter shaft to one or more perfusion ports upstream and/or 
doWnstream of the CEPA. Oxygenated blood is perfused 
through the perfusion lumen, through the beating heat or a 
combination of both. Any embolic materials that might be 
dislodged are captured or rerouted by the CEPA. 
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[0010] Embodiments are also described that combine the 
CEPA With an aortic occlusion device, Which may be a 
toroidal balloon, an expandable balloon or a selectively 
deployable external catheter ?oW control valve. The com 
bined device alloWs percutaneous transluminal administra 
tion of cardiopulmonary bypass and cardioplegic arrest With 
protection from undesirable embolic events, as Well as 
differential perfusion. 

[0011] In use, the CEPA is introduced into the patient’s 
aorta, either by a peripheral arterial approach or by direct 
aortic puncture, With the CEPA in a collapsed state. The 
CEPA is advanced across the aortic arch and into the arch 
and ascending aorta. When a portion of the CEPA is posi 
tioned in the ascending aorta betWeen the aortic valve and 
the brachiocephalic artery, the CEPA is either actively or 
passively deployed. The position of the catheter and the 
deployment state of the CEPA may be monitored using 
?uoroscopy, ultrasound, transesophageal echography (TEE) 
or aortic transillumination using visible, infrared or near 
infrared light. Once the CEPA is deployed, oxygenated 
blood may be infused into the aorta through the perfusion 
lumen or alternatively the beating heart may supply all the 
blood or a combination of both. Any potential emboli are 
captured or rerouted by the CEPA and are thereby prevented 
from entering the neurovasculature. After use, the CEPA is 
returned to the collapsed position and the catheter is With 
draWn from the patient. Methods according to the present 
invention are described using the aortic catheter for occlud 
ing and compartmentaliZing or partitioning the patient’s 
aortic lumen and for performing selective ?ltered aortic 
perfusion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGS. 1-3 shoW a perfusion ?lter catheter con?g 
ured for retrograde deployment via a peripheral arterial 
access point. 

[0013] FIG. 1 is a cutaWay perspective vieW of the per 
fusion ?lter catheter deployed Within the aorta via femoral 
artery access. 

[0014] FIG. 2 shoWs the distal end of the catheter With the 
embolic ?lter assembly in a deployed state. 

[0015] FIG. 3 shoWs the distal end of the catheter With the 
embolic ?lter assembly in a collapsed state for insertion or 
WithdraWal of the device from the patient. 

[0016] FIGS. 4-6 shoW a method of actively deploying an 
embolic ?lter assembly With an in?atable ?lter support 
structure. 

[0017] FIGS. 7-9 shoW a perfusion ?lter catheter adapted 
for antegrade deployment via direct aortic puncture. 

[0018] FIGS. 10-14 shoW the operation of an embodiment 
of a perfusion ?lter catheter that combines an embolic ?lter 
assembly With a toroidal balloon aortic occlusion device. 

[0019] FIG. 15 shoWs an embodiment of a perfusion ?lter 
catheter that combines an embolic ?lter assembly With an 
in?atable balloon aortic occlusion device. 

[0020] FIG. 16 shoWs an embodiment of a perfusion ?lter 
catheter that combines an embolic ?lter assembly With a 
selectively deployable external catheter ?oW control valve. 
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[0021] FIG. 17 shoWs an embodiment of a perfusion ?lter 
catheter With an embolic ?lter assembly having areas of 
different ?lter porosity. 

[0022] FIG. 18 shoWs a bottom vieW of another CEPA of 
the present invention con?gured for retrograde deployment 
via a peripheral artery access point, such as the femoral 
artery. 

[0023] FIG. 19 shoWs a side vieW of the catheter of FIG. 
18, shoWing the CEPA in the form of a divider in the 
collapsed state. 

[0024] FIG. 20 shoWs a cross section of the aortic catheter 
of FIG. 18 taken along line 20-20 in FIG. 18. 

[0025] FIG. 21 shoWs a top vieW of the catheter of FIG. 
18 With the How divider deployed. 

[0026] FIG. 22 shoWs a perspective vieW of an embodi 
ment of the catheter of the invention including a deployed 
auxiliary ?oW control member positioned betWeen the How 
divider and the distal end of the catheter. 

[0027] FIG. 23 shoWs a perspective vieW of the catheter 
of FIG. 22 With the auxiliary ?oW control member partially 
collapsed. 
[0028] FIG. 24 shoWs an embodiment of the catheter of 
the invention con?gured for antegrade deployment. 

[0029] FIG. 25 shoWs a cut-aWay vieW of an embodiment 
of the How divider including a mesh or porous portion for 
perfusing from the upper surface of the How divider. 

[0030] FIG. 26 shoWs a cut-aWay vieW of an alternate 
internal structure of the How divider of FIG. 25. 

[0031] FIG. 27 shoWs an embodiment of the How divider 
of the invention comprising a peripheral tube and membrane 
structure. 

[0032] FIG. 28 shoWs a cross section of the How divider 
of FIG. 27 taken along line 28-28. 

[0033] FIG. 29 shoWs an embodiment of the How divider 
of the invention With Welds or joined areas betWeen an upper 
and a loWer ?lm of the How divider to give additional 
structure and rigidity to the How divider. 

[0034] FIG. 30 shoWs a cross section of the How divider 
of FIG. 29 taken along line 30-30 of FIG. 29. 

[0035] FIG. 31 shoWs an alternate embodiment of FIG. 
29 With larger joined areas betWeen the upper and loWer 
?lms of the How divider. 

[0036] FIG. 32 shoWs another embodiment of the How 
divider of the invention deployed from a lumen Within a 
catheter. 

[0037] FIG. 33 shoWs a cross section of the How divider 
and aorta of FIG. 32 taken transversely through the aorta. 

DETAILED DESCRIPTION 

[0038] FIGS. 1-3 illustrate a ?rst embodiment of the 
present invention having a CEPA in the form of a perfusion 
?lter catheter. FIGS. 1-3 shoW a perfusion ?lter catheter 100 
according to the present invention con?gured for retrograde 
deployment via a peripheral arterial access point. FIG. 1 is 
a cutaWay perspective vieW of the perfusion ?lter catheter 
100 deployed Within the aorta of a patient via femoral artery 
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access. FIG. 2 shows the distal end of the catheter 100 With 
the embolic ?lter assembly 102 in a deployed state. FIG. 3 
shoWs the distal end of the catheter 100 With the embolic 
?lter assembly 102‘ in a collapsed state for insertion or 
WithdraWal of the device from the patient. 

[0039] Referring noW to FIG. 1, the catheter 100 includes 
a cannula shaft having a tubular body 104 and a CEPA in the 
form of a ?lter assembly 102. The tubular body has a 
proximal end 108 and distal end 110 and is preferably 
extruded from a ?exible thermoplastic material or a ther 
moplastic elastomer. Suitable materials for the tubular body 
104 include, but are not limited to, polyvinylchloride, poly 
urethane, polyethylene, polypropylene, polyamides 
(nylons), and alloys or copolymers thereof, as Well as 
braided, coiled or counterWound Wire or ?lament reinforced 
composites. The tubular body 104 may have a single lumen 
or multilumen construction. In the exemplary embodiment 
shoWn, the catheter 100 has a single perfusion lumen 106 
extending from the proximal end 108 to the distal end 110 
of the catheter shaft 104. The perfusion lumen 106 is open 
at the distal end 110 of the catheter shaft 104. The distal end 
110 of the catheter shaft 104 may have a simple beveled or 
rounded distal edge, as shoWn, or it may include additional 
side ports or a How diffuser to reduce jetting When oxygen 
ated blood is infused through the perfusion lumen 106. The 
proximal end 108 of the elongated tubular catheter shaft 104 
is adapted for connecting the perfusion lumen 106 to a 
cardiopulmonary bypass pump or other source of oxygen 
ated blood using standard barb connectors or other connec 
tors, such as a standard luer ?tting (not shoWn) and suitable 
medical tubing. Preferably, the catheter shaft 104 is made 
With thin Walled construction to maximiZe the internal 
diameter and therefore the How rate of the perfusion lumen 
106 for a given outside diameter and length of the catheter 
shaft 104. Thin Walled construction also alloWs the outside 
diameter of the catheter shaft 104 to be minimiZed in order 
to reduce the invasiveness of the procedure and to reduce 
trauma at the insertion site. The perfusion lumen 106 should 
be con?gured to alloW suf?cient blood How to preserve 
organ function Without hemolysis or other damage to the 
blood. For standard cardiopulmonary support techniques, a 
catheter shaft 104 of 18-24 French siZe (6-8 mm outside 
diameter) is suf?cient to deliver the requisite 3-4 liters of 
oxygenated blood to preserve organ function. For loW ?oW 
cardiopulmonary support techniques, such as described in 
commonly oWned, copending patent application Ser. No. 
60/084,835, ?led May 8, 1998 and its corresponding utility 
application Ser. No. 09/306,555 ?led on May 6, 1999 Which 
are hereby incorporated by reference, the siZe of the catheter 
shaft 104 can be reduced to 9-18 French siZe (3-6 mm 
outside diameter) for delivering 0.5-3 liters of oxygenated 
blood to preserve organ function. The catheter shaft 104 
should have a length suf?cient to reach from the arterial 
access point Where it is inserted to the ascending aorta of the 
patient. For femoral artery deployment, the catheter shaft 
104 preferably has a length from approximately 80-120 cm. 

[0040] Adeployable embolic ?lter assembly 102 is located 
just proximal to the distal end 110 of the catheter shaft 104. 
The embolic ?lter assembly 102 includes a ?lter screen 112 
made of a ?ne mesh material. In this exemplary embodiment 
and each of the other embodiments described beloW, the ?ne 
mesh material of the ?lter screen 112 may be a Woven or 
knitted fabric, such as Dacron polyester or nylon mesh, or 
other textile fabrics, or it may be a nonWoven fabric, such as 
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a spun bonded polyole?n or expanded polytetra?uoroethyl 
ene or other nonWoven materials. The ?ne mesh material of 
the ?lter screen 112 may be Woven, knitted or otherWise 
formed from mono?lament or multi?lament ?bers. The ?ne 
mesh material of the ?lter screen 112 may also be a ?ne Wire 
mesh or a combination of Wire and textile ?bers. Alterna 
tively, the ?ne mesh material of the ?lter screen 112 may be 
an open cell foam material. The ?ne mesh material of the 
?lter screen 112 must be nontoxic and hemocompatible, that 
is, non-thrombogenic and non-hemolytic. Preferably, the 
?ne mesh material of the ?lter screen 112 has a high 
percentage of open space, With a uniform pore siZe. The pore 
siZe of the ?lter screen 112 can be chosen to capture 
macroemboli only or to capture macroemboli and microem 
boli. In most cases the pore siZe of the ?lter screen 112 Will 
preferably be in the range of 1-200 micrometers. For cap 
turing macroemboli only, the pore siZe of the ?lter screen 
112 Will preferably be in the range of 50-200 micrometers, 
more preferably in the range of 80-100 micrometers. For 
capturing macroemboli and microemboli, the pore siZe of 
the ?lter screen 112 Will preferably be in the range of 1-100 
micrometers, more preferably in the range of 5-20 microme 
ters. In other applications, such as for treating thromboem 
bolic disease, a larger pore size, eg up to 1000 micrometers 
(1 mm) or larger, Would also be useful. In some embodi 
ments, a combination of ?lter materials having different pore 
siZes may be used. 

[0041] Alternatively or additionally the material of the 
?lter screen in each embodiment of the ?lter catheter may be 
made of or coated With an adherent material or substance to 
capture or hold embolic debris Which comes into contact 
With the ?lter screen Within the embolic ?lter assembly. 
Suitable adherent materials include, but are not limited to, 
knoWn biocompatible adhesives and bioadhesive materials 
or substances, Which are hemocompatible and non-throm 
bogenic. Such materials are knoWn to those having ordinary 
skill in the art and are described in, among other references, 
US. Pat. Nos. 4,768,523, 5,055,046, 5,066,709, 5,197,973, 
5,225,196, 5,374,431, 5,578,310, 5,645,062, 5,648,167, 
5,651,982, and 5,665,477. In one particularly preferred 
embodiment, only the upstream side of the elements of the 
?lter screen are coated With the adherent material to posi 
tively capture the embolic debris Which comes in contact 
With the upstream side of the ?lter screen after entering the 
?lter assembly. Other bioactive substances, for example, 
heparin or thrombolytic agents, may be impregnated into or 
coated on the surface of the ?lter screen material or incor 
porated into an adhesive coating. 

[0042] The embolic ?lter assembly 102 is movable 
betWeen a collapsed state, as shoWn in FIG. 3, and an 
expanded or deployed state, as shoWn in FIGS. 1 and 2. The 
?lter screen 112 may be attached directly to the catheter 
shaft 104 and it may constitute the entire embolic ?lter 
assembly 102, particularly if the ?lter screen 112 is made of 
a resilient or semirigid fabric that has enough body to be 
self-supporting in the deployed state. Generally, hoWever, 
the embolic ?lter assembly 102 Will also include a ?lter 
support structure 114, particularly if a highly ?exible or 
?accid material is used for the ?lter screen 112. The ?lter 
support structure 114 attaches and supports the ?lter screen 
112 on the catheter shaft 104. In the illustrative embodiment 
of FIGS. 1-3, the ?lter support structure 114 is constructed 
With an outer hoop 116 and a plurality of struts 118 Which 
extend approximately radially from a ring-shaped hub 126 
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that is mounted on the catheter shaft 104. In this case four 
struts 118 are shown, however, tWo, three or more struts 118 
may be used. The open distal end 122 of the ?lter screen 112 
is attached to the outer hoop 116 and the proximal end 120 
of the ?lter screen 112 is sealingly attached to the catheter 
shaft 104. When the embolic ?lter assembly 102 is deployed, 
the outer hoop 116 of the ?lter support structure 114 holds 
the open distal end 122 of the ?lter screen 112 against the 
inner Wall of the aorta, as shoWn in FIG. 1. To accommodate 
most normal adult aortas, the outer hoop 116 of the ?lter 
support structure 114 and the distal end 122 of the ?lter 
screen 112 have a diameter of approximately 2.5 to 4 cm, 
plus or minus 0.5 cm. Larger and smaller diameter ?lter 
support structures 114 may be made to accommodate 
patients With distended or Marfan syndrome aortas or for 
pediatric patients. 
[0043] The embolic ?lter assembly 102 may be deployed 
by a passive means or by an active means. Passive means for 
deploying the embolic ?lter assembly 102 could include 
using the elastic memory of the ?lter screen 112 and/or the 
?lter support structure 114 to deploy the embolic ?lter 
assembly 102, and/or using pressure from the blood How in 
the aorta to deploy the embolic ?lter assembly 102. By 
contrast, active means for deploying the embolic ?lter 
assembly 102 could include one or more actuation members 
Within the catheter shaft 104 for mechanically actuating the 
?lter support structure 114 to deploy the embolic ?lter 
assembly 102 from the proximal end 108 of the catheter 100. 
Shape memory materials may also be used as actuation 
members for deploying the embolic ?lter assembly 102. 
Alternatively, active means for deploying the embolic ?lter 
assembly 102 could include one or more lumens Within the 
catheter shaft 104 for hydraulically actuating the ?lter 
support structure 114 to deploy the embolic ?lter assembly 
102. Passive means may be used to augment the action of the 
active deployment means. As shoWn in FIG. 3, an outer tube 
124 may be provided to cover the embolic ?lter assembly 
102 When it is in the collapsed state in order to create a 
smooth outer surface for insertion and WithdraWal of the 
catheter 100 and to prevent premature deployment of the 
embolic ?lter assembly 102, particularly if passive deploy 
ment means are used. 

[0044] The perfusion ?lter catheter 100 is prepared for use 
by folding or compressing the embolic ?lter assembly 102‘ 
into a collapsed state Within the outer tube 124, as shoWn in 
FIG. 3. The distal end 110 of the catheter 100 is inserted into 
the aorta in a retrograde fashion. Preferably, this is done 
through a peripheral arterial access, such as the femoral 
artery or subclavian artery, using the Seldinger technique or 
an arterial cutdoWn. Alternatively, the catheter 100 may be 
introduced directly through an incision into the descending 
aorta after the aorta has been surgically exposed. The 
embolic ?lter assembly 102 is advanced up the descending 
aorta and across the aortic arch While in the collapsed state. 
The position of the catheter 100 may be monitored using 
?uoroscopy or ultrasound, such as transesophageal echog 
raphy Appropriate markers, Which may include 
radiopaque markers and/or sonore?ective markers, may be 
located on the distal end 110 of the catheter 100 and/or the 
embolic ?lter assembly 102 to enhance imaging and to shoW 
the position of the catheter 100 and the deployment state of 
the embolic ?lter assembly 102. When the distal end 110 of 
the catheter 100 is positioned in the ascending aorta betWeen 
the aortic valve and the brachiocephalic artery, the outer tube 
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124 is WithdraWn and the embolic ?lter assembly 102 is 
deployed, as shoWn in FIG. 1. Optionally, a distal portion of 
the catheter shaft 104 may be precurved to match the 
curvature of the aortic arch to aid in placement and stabili 
Zation of the catheter 100 and the embolic ?lter assembly 
102 Within the aorta. Once the embolic ?lter assembly 102 
is deployed, oxygenated blood may be infused through the 
perfusion lumen 106 to augment cardiac output of the 
beating heart or to establish cardiopulmonary bypass so that 
the heart can be arrested. Any potential emboli are captured 
by the ?lter screen 112 and prevented from entering the 
neurovasculature or other branches doWnstream. After use, 
the embolic ?lter assembly 102 is returned to the collapsed 
position and the catheter 100 is WithdraWn from the patient. 

[0045] Preferably, the embolic ?lter assembly 102 is con 
?gured so that, When it is in the deployed state, at least a 
majority of the ?lter screen 112 is held aWay from the aortic 
Walls so that How through the pores of the ?lter screen 112 
is not occluded by contact With the aortic Wall. In addition, 
this also assures that blood ?oW into the side branches of the 
aorta Will not be obstructed by the ?lter screen 112. In this 
Way, each side branch of the aorta Will receive the bene?t of 
How through the full surface area of the ?lter screen 112 so 
that blood How is not restricted by the area of the ostium of 
each side branch. In the illustrative embodiment of FIGS. 
1-3, the ?lter screen 112 has a roughly conical shape With an 
open distal end 122. The conical shape holds the ?ne mesh 
material of the ?lter screen 112 aWay from the aortic Walls 
and aWay from the ostia of the side branches so that blood 
can ?oW freely through the pores of the ?lter screen 112. 

[0046] FIGS. 4-6 illustrate a second embodiment of the 
present invention having an actively deployable CEPA in the 
form of an embolic ?lter assembly 202 attached to a perfu 
sion catheter 200. In this embodiment, the ?lter support 
structure 204 includes an outer hoop 206 and a plurality of 
struts 208, Which are all interconnected holloW tubular 
members. Preferably, the outer hoop 206 and the struts 208 
are made of a ?exible polymeric material. The ?lter support 
structure 204 is connected to an in?ation lumen 210, Which 
parallels the perfusion lumen 218 Within the catheter shaft 
212. At its proximal end, the in?ation lumen 210 branches 
off from the catheter shaft 212 to a side arm 214 With a luer 
?tting 216 for connecting to a syringe or other in?ation 
device. By Way of example, this embodiment of the embolic 
?lter assembly 202 is shoWn With a trumpet-shaped ?lter 
screen 220. The ?lter screen 220 includes a skirt portion 222 
extending distally from a proximal, ?lter pocket 224. The 
skirt portion 222 is in the shape of a frustum of a cone With 
an open distal end, Which is attached to the outer hoop 206. 
The ?lter pocket 224 is roughly cylindrical in shape With a 
closed proximal end, Which is sealingly attached to the 
catheter shaft 212. The skirt 222 and the ?lter pocket 224 
may be made of the same ?lter material or they may be made 
of different ?lter materials having different porosities. The 
skirt 222 of the ?lter screen 220 may even be made of a 
nonporous material. 

[0047] The perfusion ?lter catheter 200 is shoWn in FIG. 
6 With the embolic ?lter assembly 202 folded into a col 
lapsed position. The outer hoop 206 and the struts 208 of the 
?lter support structure 204 are de?ated and the material of 
the ?lter screen 220 is folded or collapsed around the 
catheter shaft 212. An outer tube 226 covers the embolic 
?lter assembly 202 in the collapsed position to facilitate 
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insertion of the catheter 200. Optionally, the outer tube 226 
may have a slit or a weakened longitudinal tear line along its 
length to facilitate removal of the outer tube 226 over the 
side arm 214 at the proximal end of the catheter 200. Once 
the perfusion ?lter catheter 200 is in position Within the 
patient’s aorta, the outer tube 226 is pulled back to expose 
the embolic ?lter assembly 202. Then, the embolic ?lter 
assembly 202 is deployed by in?ating the outer hoop 206 
and the struts 208 With ?uid injected through the in?ation 
lumen 210 to actively expand the ?lter support structure 204, 
as shoWn in FIG. 5. When the embolic ?lter assembly 202 
is deployed, the outer hoop 206 of the ?lter support structure 
204 seals against the inner Wall of the aorta, as shoWn in 
FIG. 4. Preferably, at least the outer Wall of the outer hoop 
206 is someWhat compliant When in?ated in order to com 
pensate for patient-to-patient variations in aortic luminal 
diameter. 

[0048] FIGS. 7-9 illustrate a third embodiment of the 
present invention having a CEPA in the form of a perfusion 
?lter catheter 300 adapted for antegrade deployment via 
direct aortic puncture. In this exemplary embodiment, the 
perfusion ?lter catheter 300 is depicted With a hybrid-style 
embolic ?lter assembly 302, Which is a compromise 
betWeen a conical ?lter screen and a trumpet-style ?lter. 
Because the catheter 300 is introduced directly into the 
ascending aorta, the catheter shaft 304 can be reduced to a 
length of approximately 20-60 cm and an outside diameter 
of approximately 12-18 French siZe (4-6 mm outside diam 
eter) for delivering the 3-4 liters of oxygenated blood needed 
to preserve organ function during cardiopulmonary bypass. 
One modi?cation that may be made to the catheter 300 for 
antegrade deployment is to con?gure it so that the perfusion 
port or ports 306 Which connect to the perfusion lumen 308 
exit the catheter shaft 304 proximal to the ?lter screen 310 
so that ?uid ?oW Will come from the upstream side of the 
embolic ?lter assembly 302. The catheter shaft 304 need not 
extend all the Way to the distal end of the ?lter screen 310. 
The ?lter screen 310 may be entirely supported by the ?lter 
support structure 312, particularly if the embolic ?lter 
assembly 302 is to be passively deployed. Alternatively, a 
small diameter ?lter support member 314 may extend from 
the catheter shaft 304 to the distal end of the ?lter screen 
310. If the embolic ?lter assembly 302 is intended to be 
actively deployed, the ?lter support member 314 may be 
slidably and/or rotatably received Within the catheter shaft 
304. Either of these con?gurations alloWs the embolic ?lter 
assembly 302 to be folded or compressed to a siZe as small 
as the diameter of the catheter shaft 304 to facilitate insertion 
of the catheter 300. Optionally, an outer tube 316 may be 
placed over the folded embolic ?lter assembly 302 to hold 
it in the collapsed position. 

[0049] In use, the ascending aorta of the patient is surgi 
cally exposed, using open-chest or minimally invasive sur 
gical techniques. A purse string suture 318 is placed in the 
ascending aorta and an aortotomy incision is made through 
the aortic Wall. The catheter 300, With the embolic ?lter 
assembly 302 in the collapsed position Within the outer tube 
316, is inserted through the aortotomy and advanced ante 
grade into the aortic arch. When the proximal end of the 
embolic ?lter assembly 302 is positioned in the ascending 
aorta betWeen the aortic valve and the brachiocephalic 
artery, the outer tube 316 is WithdraWn and the embolic ?lter 
assembly 302 is either actively or passively deployed, as 
shoWn in FIG. 7. Once the embolic ?lter assembly 302 is 
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deployed, oxygenated blood may be infused into the aorta 
through the tubular catheter shaft 304. Any potential emboli 
are captured by the embolic ?lter assembly 302 and pre 
vented from entering the neurovasculature or other branches 
doWnstream. After use, the embolic ?lter assembly 302 is 
returned to the collapsed position, the catheter 300 is With 
draWn from the patient, and the purse string suture 318 is 
tightened to close the aortotomy. 

[0050] In general, each of the passive and active deploy 
ment methods described above may be used interchangeably 
or together in combinations With each of the embodiments of 
the perfusion ?lter catheter and each of catheter insertion 
methods Which are described above and beloW. Likewise, 
many of the features of the embodiments described may be 
used in various combinations With one another to create neW 
embodiments, Which are considered to be a part of this 
disclosure, as it Would be too cumbersome to describe all of 
the numerous possible combinations and subcombinations 
of the disclosed features. In general, each of the described 
embodiments may be passively or actively deployed by the 
methods described above. Each embodiment of the CEPA 
described can also be adapted for retrograde deployment via 
peripheral arterial access, such as femoral or subclavian 
artery access, or for antegrade or retrograde deployment via 
direct aortic puncture. 

[0051] FIGS. 10-12 illustrate a fourth embodiment of the 
present invention having a CEPA in the form of a perfusion 
?lter catheter 600. FIG. 10 illustrates the CEPA in a col 
lapsed or undeployed state having an embolic ?lter assembly 
602 With a toroidal balloon aortic occlusion device 604 
collapsed or folded about the elongated catheter shaft 606. 
The perfusion ?lter catheter 600 is inserted in the collapsed 
state and advanced into the patient’s ascending aorta until 
the embolic ?lter assembly 602 is positioned betWeen the 
coronary ostia and the brachiocephalic artery. The toroidal 
balloon aortic occlusion device 604 is then in?ated to 
expand and deploy the embolic ?lter assembly 602, as 
shoWn in FIG. 11. The embolic ?lter assembly 602 may 
assume a simple conical shape or, more preferably, one of 
the surface area increasing geometries described above. In 
addition, the embolic ?lter assembly 602 may include a 
structure or other means to hold the ?lter material apart from 
the aortic Wall to maximiZe the effective ?lter area. With the 
embolic ?lter assembly 602 deployed, cardiopulmonary 
bypass With embolic protection can be started through the 
perfusion ports 610. 

[0052] When it is desired to initiate cardioplegic arrest, the 
toroidal balloon aortic occlusion device 604 is further 
in?ated until it expands inWard to occlude the aortic lumen, 
as shoWn in FIG. 12. Acardioplegic agent is infused through 
the cardioplegia port 608 and into the coronary arteries to 
arrest the heart. Oxygenated blood continues to be infused 
through the perfusion ports 610. After completion of the 
surgical procedure, the toroidal balloon aortic occlusion 
device 604 is partially de?ated, leaving the embolic ?lter 
assembly 602 deployed, as shoWn in FIG. 13. Oxygenated 
blood enters the coronary arteries to restart the heart beating. 
If any embolic materials 612 are dislodged during manipu 
lation of the heart or When the heart resumes beating, they 
Will be captured by the embolic ?lter assembly 602. Once 
the patient is Weaned off bypass, the toroidal balloon aortic 
occlusion device 604 is de?ated to collapse the embolic ?lter 
assembly 602, as shoWn in FIG. 14. Any potential emboli 
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are trapped Within the embolic ?lter assembly 602 and can 
be removed along With the catheter 600. 

[0053] FIG. 15 illustrates a ?fth embodiment of the 
present invention having a CEPA in the form of an embolic 
?lter assembly 622 With an in?atable balloon aortic occlu 
sion device 624. The embolic ?lter assembly 622 may be any 
one of the actively or passively deployed embolic ?lter 
assemblies described herein. Preferably, the in?atable bal 
loon aortic occlusion device 624 is an elastomeric balloon of 
sufficient in?ated diameter to occlude the ascending aorta 
and is mounted on the elongated catheter shaft 626 upstream 
of the embolic ?lter assembly 622. Alternatively, the in?at 
able balloon aortic occlusion device 624 may be positioned 
to occlude the inlet end of the embolic ?lter assembly 622 
to minimiZe the area of contact betWeen the perfusion ?lter 
catheter 620 and the aortic Wall. The in?atable balloon aortic 
occlusion device 624 is connected to an in?ation lumen 
Within the elongated catheter shaft 626. A cardioplegia 
lumen, Which may also serve as a guideWire lumen, connects 
to a cardioplegia port 628 at the distal end of the catheter 
shaft 626. A perfusion lumen connects to one or more 
perfusion ports 630 located on the catheter shaft 626 doWn 
stream from the in?atable balloon aortic occlusion device 
624, but upstream of the embolic ?lter assembly 622. The 
operation of the perfusion ?lter catheter 620 of FIG. 15 is 
quite similar to that described for the embodiment of FIGS. 
10-14. 

[0054] FIG. 16 illustrates a sixth embodiment of the 
present invention having a CEPA in the form of an embolic 
?lter assembly 642 combined With a selectively deployable 
external catheter ?oW control valve 644. The embolic ?lter 
assembly 642 may be any one of the actively or passively 
deployed embolic ?lter assemblies described herein. The 
selectively deployable external catheter ?oW control valve 
644 is mounted on the elongated catheter shaft 646 upstream 
of the embolic ?lter assembly 642. Alternatively, the selec 
tively deployable external catheter ?oW control valve 644 
may be positioned to occlude the inlet end of the embolic 
?lter assembly 642 to minimiZe the area of contact betWeen 
the perfusion ?lter catheter 640 and the aortic Wall. Selec 
tively deployable external catheter ?oW control valves suit 
able for this application are described in commonly oWned, 
copending U.S. patent applications Ser. Nos. 08/665,635, 
08/664,361 and 08/664,360, ?led Jun. 17, 1996, Which are 
hereby incorporated by reference in their entirety. The 
elongated catheter shaft 646 may include one or more 
deployment lumens as needed for actuating the external 
catheter ?oW control valve 644. A cardioplegia lumen, 
Which may also serve as a guideWire lumen, connects to a 
cardioplegia port 648 at the distal end of the catheter shaft 
646. A perfusion lumen connects to one or more perfusion 
ports 650 located on the catheter shaft 646 doWnstream from 
the external catheter ?oW control valve 644, but upstream of 
the embolic ?lter assembly 622. The operation of the per 
fusion ?lter catheter 640 of FIG. 16 is quite similar to that 
described for the embodiment of FIGS. 10-14. 

[0055] FIG. 17 illustrates a seventh embodiment of the 
present invention having a CEPA capable of being used in 
combination With many of the features and embodiments 
previously described. FIG. 17 shoWs an embodiment of a 
perfusion ?lter catheter 660 With a CEPA in the form of an 
embolic ?lter assembly 662 having areas of different ?lter 
porosity. The embolic ?lter assembly 662 is mounted on an 
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elongated catheter shaft 666 that can be adapted for periph 
eral introduction via the femoral artery or subclavian artery 
or for central insertion directly into the ascending aorta 
either through a median sternotomy, transternally, thorac 
otomy or an intercostal space. The embolic ?lter assembly 
662 may resemble any one of the actively or passively 
deployed embolic ?lter assemblies described herein. Pref 
erably, the embolic ?lter assembly 662 assumes one of the 
surface area increasing geometries described above, such as 
a trumpet-style embolic ?lter assembly 662 as shoWn. The 
embolic ?lter assembly 662 is divided along a longitudinal 
dividing line into areas of different ?lter porosity. In a 
preferred embodiment, the embolic ?lter assembly 662 has 
an upper portion 664 of ?ner porosity facing toWard the 
aortic arch vessels and a loWer portion 668 of courser 
porosity facing aWay from the aortic arch vessels. Prefer 
ably, the elongated catheter shaft 666 Will have a preformed 
curve to help orient the upper portion 664 and the loWer 
portion 668 of the embolic ?lter assembly 662 in the proper 
position once deployed. The ?lter mesh of the upper portion 
664 may be selected to exclude both macroemboli and 
microemboli, and the ?lter mesh of the loWer portion 668 
may be selected to exclude macroemboli only. Alternatively, 
the upper portion 664 may be impermeable so as to act like 
a shunt to direct potential emboli doWnstream aWay from the 
aortic arch vessels. 

[0056] Another feature that may be combined With the 
features and embodiments of the present invention is an 
aortic transillumination system or infrared emitting means 
for locating and monitoring the position of the catheter, the 
?lter and the optional occlusion devices Without ?uoroscopy 
by transillumination of the aortic Wall. Aortic transillumi 
nation systems using optical ?bers and/or light emitting 
diodes or lasers suitable for this application are described in 
commonly oWned, copending US. patent application Ser. 
No. 60/088,652, ?led Jun. 9, 1998 and its corresponding 
utility application Ser. No. 09/326,816 ?led Jun. 7, 1999, 
Which are hereby incorporated by reference in their entirety. 

[0057] FIGS. 18-21 illustrate an eighth embodiment of the 
present invention having a CEPA in the form of an aortic 
?oW divider. The ?oW divider 810 may be formed in a 
variety of con?gurations, hoWever the ?oW divider 810 in 
the undeployed state Will be contained in a relatively small 
volume around the circumference of the distal end of the 
catheter and in the deployed state Will have a length and 
Width suf?cient to divide blood ?oW in the aorta in the 
vicinity of the ostia of the arch vessels. In the undeployed 
state, the ?oW divider 810 is collapsible around the catheter 
shaft creating a loW pro?le not signi?cantly larger than the 
outer diameter of the catheter body. The ?oW divider 810 
may comprise one or more in?atable chambers, the cham 
bers all being in ?uid communication, or one or more 
selectively deployable shrouds. The in?atable chambers 
may be relatively non-compliant or they may be compliant, 
exhibiting elastic behavior after initial in?ation, for 
example, to closely ?t the siZe, shape and curvature of the 
aortic lumen. 

[0058] The catheter may further include one or more 
additional or auxiliary ?oW control members located on the 
catheter either distal or proximal from the ?oW divider 810 
to further segment the patient’s circulatory system for selec 
tive perfusion to different organ systems Within the body or 
to assist in anchoring the catheter in a desired position. 












