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(57) ABSTRACT 

Devices, systems and methods are described by Which the 
blood pressure, nervous system activity, and neurohormonal 
activity may be selectively and controllably reduced by acti 
vating baroreceptors. A baroreceptor activation device is 
positioned near a baroreceptor, preferably a baroreceptor 
located in the carotid sinus. A control system may be used to 
modulate the baroreceptor activation device. The control sys 
tem may utiliZe an algorithm de?ning a stimulus regimen 
Which promotes long term e?icacy and reduces poWer 
requirements/ consumption. The baroreceptor activation 
device may utilize electrodes to activate the baroreceptors. 
The electrodes may be adapted for connection to the carotid 
arteries at or near the carotid sinus, and may be designed to 
minimize extraneous tissue stimulation. 
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IMPLANTABLE VASCULAR STRUCTURES 
AND METHODS FOR THEIR USE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application Ser. 
No. 10/402,911 (Atty. Docket No. 021433-000410US), ?led 
on Mar. 27, 2003, Which claims the bene?t of provisional 
application No. 60/368,222 (Attorney Docket No. 21433 
000400US), ?led on Mar. 27, 2002. This application is also a 
continuation-in-part of application Ser. No. 09/963,777 (At 
torney Docket No. 21433-000120US), now US. Pat. No. 
7,158,832, ?led on Sep. 26, 2001 . The full disclosures ofeach 
of these applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention generally relates to medical 
devices and methods of use for the treatment and/ or manage 
ment of cardiovascular and renal disorders. Speci?cally, the 
present invention relates to devices and methods for control 
ling the barore?ex system for the treatment and/ or manage 
ment of cardiovascular and renal disorders and their underly 
ing causes and conditions. 
[0003] Cardiovascular disease is a major contributor to 
patient illness and mortality. It also is a primary driver of 
health care expenditure, costing more than $326 billion each 
year in the United States. Hypertension, or high blood pres 
sure, is a major cardiovascular disorder that is estimated to 
affect over 50 million people in the United Sates alone. Of 
those With hypertension, it is reported that feWer than 30% 
have their blood pressure under control. Hypertension is a 
leading cause of heart failure and stroke. It is the primary 
cause of death in over 42,000 patients per year and is listed as 
a primary or contributing cause of death in over 200,000 
patients per year in the US. Accordingly, hypertension is a 
serious health problem demanding signi?cant research and 
development for the treatment thereof. 
[0004] Hypertension occurs When the body’s smaller blood 
vessels (arterioles) constrict, causing an increase in blood 
pressure. Because the blood vessels constrict, the heart must 
Work harder to maintain blood ?oW at the higher pressures. 
Although the body may tolerate short periods of increased 
blood pressure, sustained hypertension may eventually result 
in damage to multiple body organs, including the kidneys, 
brain, eyes and other tissues, causing a variety of maladies 
associated thereWith. The elevated blood pressure may also 
damage the lining of the blood vessels, accelerating the pro 
cess of atherosclerosis and increasing the likelihood that a 
blood clot may develop. This could lead to a heart attack 
and/ or stroke. Sustained high blood pressure may eventually 
result in an enlarged and damaged heart (hypertrophy), Which 
may lead to heart failure. 
[0005] Heart failure is the ?nal common expression of a 
variety of cardiovascular disorders, including ischemic heart 
disease. It is characteriZed by an inability of the heart to pump 
enough blood to meet the body’s needs and results in fatigue, 
reduced exercise capacity and poor survival. It is estimated 
that approximately 5,000,000 people in the United States 
suffer from heart failure, directly leading to 39,000 deaths per 
year and contributing to another 225,000 deaths per year. It is 
also estimated that greater than 400,000 neW cases of heart 
failure are diagnosed each year. Heart failure accounts for 
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over 900,000 hospital admissions annually, and is the most 
common discharge diagnosis in patients over the age of 65 
years. It has been reported that the co st of treating heart failure 
in the United States exceeds $20 billion annually. Accord 
ingly, heart failure is also a serious health problem demanding 
signi?cant research and development for the treatment and/ or 
management thereof. 
[0006] Heart failure results in the activation of a number of 
body systems to compensate for the heart’s inability to pump 
suf?cient blood. Many of these responses are mediated by an 
increase in the level of activation of the sympathetic nervous 
system, as Well as by activation of multiple other neurohor 
monal responses. Generally speaking, this sympathetic ner 
vous system activation signals the heart to increase heart rate 
and force of contraction to increase the cardiac output; it 
signals the kidneys to expand the blood volume by retaining 
sodium and Water; and it signals the arterioles to constrict to 
elevate the blood pressure. The cardiac, renal and vascular 
responses increase the Workload of the heart, further acceler 
ating myocardial damage and exacerbating the heart failure 
state. Accordingly, it is desirable to reduce the level of sym 
pathetic nervous system activation in order to stop or at least 
minimiZe this vicious cycle and thereby treat or manage the 
heart failure. 
[0007] A number of drug treatments have been proposed 
for the management of hypertension, heart failure and other 
cardiovascular disorders. These include vasodilators to 
reduce the blood pressure and ease the Workload of the heart, 
diuretics to reduce ?uid overload, inhibitors and blocking 
agents of the body’s neurohormonal responses, and other 
medicaments. 
[0008] Various surgical procedures have also been pro 
posed for these maladies. For example, heart transplantation 
has been proposed forpatients Who suffer from severe, refrac 
tory heart failure. Alternatively, an implantable medical 
device such as a ventricular assist device (VAD) may be 
implanted in the chest to increase the pumping action of the 
heart. Alternatively, an intra-aortic balloon pump (IABP) may 
be used for maintaining heart function for short periods of 
time, but typically no longer than one month. Other surgical 
procedures are available as Well. 

[0009] It has been knoWn for decades that the Wall of the 
carotid sinus, a structure at the bifurcation of the common 
carotid arteries, contains stretch receptors (baroreceptors) 
that are sensitive to the blood pressure. These receptors send 
signals via the carotid sinus nerve to the brain, Which in turn 
regulates the cardiovascular system to maintain normal blood 
pressure (the barore?ex), in part through activation of the 
sympathetic nervous system. Electrical stimulation of the 
carotid sinus nerve (baropacing) has previously been pro 
posed to reduce blood pressure and the Workload of the heart 
in the treatment of high blood pressure and angina. For 
example, US. Pat. No. 6,073,048 to Kieval et al. discloses a 
barore?ex modulation system and method for stimulating the 
barore?ex arc based on various cardiovascular and pulmo 
nary parameters. 
[0010] Although each of these alternative approaches is 
bene?cial in some Ways, each of the therapies has its oWn 
disadvantages. For example, drug therapy is often incom 
pletely effective. Some patients may be unresponsive (refrac 
tory) to medical therapy. Drugs often have unWanted side 
effects and may need to be given in complex regimens. These 
and other factors contribute to poor patient compliance With 
medical therapy. Drug therapy may also be expensive, adding 
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to the health care costs associated With these disorders. Like 
Wise, surgical approaches are very costly, may be associated 
With signi?cant patient morbidity and mortality and may not 
alter the natural history of the disease. Baropacing also has 
not gained acceptance. Several problems With electrical 
carotid sinus nerve stimulation have been reported in the 
medical literature. These include the invasiveness of the sur 
gical procedure to implant the nerve electrodes, and postop 
erative pain in the jaW, throat, face and head during stimula 
tion. In addition, it has been noted that high voltages 
sometimes required for nerve stimulation may damage the 
carotid sinus nerves. Accordingly, there continues to be a 
substantial and long felt need for neW devices and methods for 
treating and/or managing high blood pressure, heart failure 
and their associated cardiovascular and nervous system dis 
orders. 
[0011] US. Pat. No. 6,522,926, signed to the Assignee of 
the present application, describes a number of systems and 
methods intended to activate baroreceptors in the carotid 
sinus and elseWhere in order to induce the barore?ex. Numer 
ous speci?c approaches are described, including the use of 
coil electrodes placed over the exterior of the carotid sinus 
near the carotid bifurcation. While such electrode designs 
offer substantial promise, there is room for improvement in a 
number of speci?c design areas. For example, it Would be 
desirable to provide designs Which permit electrode struc 
tures to be closely and conformably secured over the exterior 
of a carotid sinus or other blood vessels so that e?icient 
activation of the underlying baroreceptors can be achieved. It 
Would be further desirable to provide speci?c electrode struc 
tures Which can be variably positioned at different locations 
over the carotid sinus Wall or elseWhere. At least some of these 
objectives Will be met by these inventions described herein 
beloW. 

BRIEF SUMMARY OF THE INVENTION 

[0012] To address hypertension, heart failure and their 
associated cardiovascular and nervous system disorders, the 
present invention provides a number of devices, systems and 
methods by Which the blood pressure, nervous system activ 
ity, and neurohormonal activity may be selectively and con 
trollably regulated by activating baroreceptors. By selectively 
and controllably activating baroreceptors, the present inven 
tion reduces excessive blood pressure, sympathetic nervous 
system activation and neurohormonal activation, thereby 
minimiZing their deleterious effects on the heart, vasculature 
and other organs and tissues. 
[0013] The present invention provides systems and meth 
ods for treating a patient by inducing a baroreceptor signal to 
effect a change in the barore?ex system (e.g., reduced heart 
rate, reduced blood pressure, etc.). The baroreceptor signal is 
activated or otherWise modi?ed by selectively activating 
baroreceptors. To accomplish this, the system and method of 
the present invention utiliZe a baroreceptor activation device 
positioned near a baroreceptor in the carotid sinus, aortic 
arch, heart, common carotid arteries, subclavian arteries, and/ 
or brachiocephalic artery. Preferably, the baroreceptor acti 
vation device is located in the right and/or left carotid sinus 
(near the bifurcation of the common carotid artery) and/ or the 
aortic arch. By Way of example, not limitation, the present 
invention is described With reference to the carotid sinus 
location. 
[0014] Generally speaking, the baroreceptor activation 
device may be activated, deactivated or otherWise modulated 
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to activate one or more baroreceptors and induce a barorecep 
tor signal or a change in the baroreceptor signal to thereby 
effect a change in the barore?ex system. The baroreceptor 
activation device may be activated, deactivated, or otherWise 
modulated continuously, periodically, or episodically. The 
baroreceptor activation device may comprise a Wide variety 
of devices Which utiliZe electrodes to directly or indirectly 
activate the baroreceptor. The baroreceptor may be activated 
directly, or activated indirectly via the adjacent vascular tis 
sue. The baroreceptor activation device Will be positioned 
outside the vascular Wall. To maximiZe therapeutic ef?cacy, 
mapping methods may be employed to precisely locate or 
position the baroreceptor activation device. 
[0015] The present invention is directed particularly at 
electrical means and methods to activate baroreceptors, and 
various electrode designs are provided. The electrode designs 
may be particularly suitable for connection to the carotid 
arteries at or near the carotid sinus, and may be designed to 
minimiZe extraneous tissue stimulation. While being particu 
larly suitable for use on the carotid arteries at or near the 
carotid sinus, the electrode structures and assemblies of the 
present invention Will also ?nd use for external placement and 
securement of electrodes about other arteries, and in some 
cases veins, having baroreceptor and other electrically acti 
vated receptors therein. 
[0016] In a ?rst aspect of the present invention, a barore 
ceptor activation device or other electrode useful for a carotid 
sinus or other blood vessel comprises a base having one or 
more electrodes connected to the base. The base has a length 
suf?cient to extend around at least a substantial portion of the 
circumference of a blood vessel, usually an artery, more usu 
ally a carotid artery at or near the carotid sinus. By “substan 
tial portion,” it is meant that the base Will extend over at least 
25% of the vessel circumference, usually at least 50%, more 
usually at least 66%, and often at least 75% or over the entire 
circumference. Usually, the base is suf?ciently elastic to con 
form to said circumference or portion thereof When placed 
therearound. The electrode connected to the base is oriented 
at least partly in the circumferential direction and is su?i 
ciently stretchable to both conform to the shape of the carotid 
sinus When the base is conformed thereover and accommo 
date changes in the shape and siZe of the sinus as they vary 
over time With heart pulse and other factors, including body 
movement Which causes the blood vessel circumference to 
change. 
[0017] Usually, at least tWo electrodes Will be positioned 
circumferentially and adjacent to each other on the base. The 
electrode(s) may extend over the entire length of the base, but 
in some cases Will extend over less than 75% of the circum 
ferential length of the base, often being less than 50% of the 
circumferential length, and sometimes less than 25% of the 
circumferential length. Thus, the electrode structures may 
cover from a small portion up to the entire circumferential 
length of the carotid artery or other blood vessel. Usually, the 
circumferential length of the elongate electrodes Will cover at 
least 10% of the circumference of the blood vessel, typically 
being at least 25%, often at least 50%, 75%, or the entire 
length. The base Will usually have ?rst and second ends, 
Wherein the ends are adapted to be joined, and Will have 
suf?cient structural integrity to grasp the carotid sinus. 

[0018] In a further aspect of the present invention, an 
extravascular electrode assembly comprises an elastic base 
and a stretchable electrode. The elastic base is adapted to be 
conformably attached over the outside of a target blood ves 
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sel, such as a carotid artery at or near the carotid sinus, and the 
stretchable electrode is secured over the elastic base and 
capable of expanding and contracting together With the base. 
In this Way, the electrode assembly is conformable to the 
exterior of the carotid sinus or other blood vessel. Preferably, 
the elastic base is planar, typically comprising an elastomeric 
sheet. While the sheet may be reinforced, the reinforcement 
Will be arranged so that the sheet remains elastic and stretch 
able, at least in the circumferential direction, so that the base 
and electrode assembly may be placed and conformed over 
the exterior of the blood vessel. Suitable elastomeric sheets 
may be composed of silicone, latex, and the like. 
[0019] To assist in mounting the extravascular electrode 
over the carotid sinus or other blood vessel, the assembly Will 
usually include tWo or more attachment tabs extending from 
the elastomeric sheet at locations Which alloW the tabs to 
overlap the elastic base and/or be directly attached to the 
blood vessel Wall When the base is Wrapped around or other 
Wise secured over a blood vessel. In this Way, the tabs may be 
fastened to secure the backing over the blood vessel. 
[0020] Preferred stretchable electrodes comprise elongated 
coils, Where the coils may stretch and shorten in a spring-like 
manner. In particularly preferred embodiments, the elongated 
coils Will be ?attened over at least a portion of their lengths, 
Where the ?attened portion is oriented in parallel to the elastic 
base. The ?attened coil provides improved electrical contact 
When placed against the exterior of the carotid sinus or other 
blood vessel. 

[0021] In a further aspect of the present invention, an 
extravascular electrode assembly comprises a base and an 
electrode structure. The base is adapted to be attached over 
the outside of a carotid artery or other blood vessel and has an 
electrode-carrying surface formed over at least a portion 
thereof. A plurality of attachment tabs extend aWay from the 
electrode-carrying surface, Where the tabs are arranged to 
permit selective ones thereof to be Wrapped around a blood 
vessel While others of the tabs may be selectively removed. 
The electrode structure on or over the electrode-carrying sur 
face. 

[0022] In preferred embodiments, the base includes at least 
one tab Which extends longitudinally from the electrode 
carrying surface and at least tWo tabs Which extend aWay from 
the surface at opposite, transverse angles. In an even more 
preferred embodiment, the electrode-carrying surface is rect 
angular, and at least tWo longitudinally extending tabs extend 
from adjacent comers of the rectangular surface. The tWo 
transversely angled tabs extend at a transverse angle aWay 
from the same tWo comers. 

[0023] As With prior embodiments, the electrode structure 
preferably includes one or more stretchable electrodes 
secured to the electrode-carrying surface. The stretchable 
electrodes are preferably elongated coils, more preferably 
being “?attened coils” to enhance electrical contact With the 
blood vessel to be treated. The base is preferably an elastic 
base, more preferably being formed from an elastomeric 
sheet. The phrase “?attened coil,” as used herein, refers to an 
elongate electrode structure including a plurality of succes 
sive turns Where the cross-sectional pro?le is non-circular and 
Which includes at least one generally ?at or minimally curved 
face. Such coils may be formed by physically deforming 
(?attening) a circular coil, e. g., as shoWn in FIG. 24 described 
beloW. Usually, the ?attened coils Will have a cross-section 
that has a Width in the plane of the electrode assembly greater 
than its height normal to the electrode assembly plane. Alter 
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natively, the coils may be initially fabricated in the desired 
geometry having one generally ?at (or minimally curved) 
face for contacting tissue. Fully ?attened coils, e.g., those 
having planar serpentine con?gurations, may also ?nd use, 
but usually it Will be preferred to retain at least some thickness 
in the direction normal to the ?at or minimally curved tissue 
contacting surface. Such thickness helps the coiled electrode 
protrude from the base and provide improved tissue contact 
over the entire ?attened surface. 

[0024] In a still further aspect of the present invention, a 
method for Wrapping an electrode assembly over a blood 
vessel comprises providing an electrode assembly having an 
elastic base and one or more stretchable electrodes. The base 
is conformed over an exterior of the blood vessel, such as a 
carotid artery, and at least a portion of an electrode is stretched 
along With the base. Ends of the elastic base are secured 
together to hold the electrode assembly in place, typically 
With both the elastic backing and stretchable electrode 
remaining under at least slight tension to promote conform 
ance to the vessel exterior. The electrode assembly Will be 
located over a target site in the blood vessel, typically a target 
site having an electrically activated receptor. Advanta 
geously, the electrode structures of the present invention 
When Wrapped under tension Will ?ex and stretch With expan 
sions and contractions of the blood vessel. A presently pre 
ferred target site is a baroreceptor, particularly baroreceptors 
in or near the carotid sinus. 

[0025] In a still further aspect of the present invention, a 
method for Wrapping an electrode assembly over a blood 
vessel comprises providing an electrode assembly including a 
base having an electrode-carrying surface and an electrode 
structure on the electrode-carrying surface. The base is 
Wrapped over a blood vessel, and some but not all of a plu 
rality of attachment tags on the base are secured over the 
blood vessel. Usually, the tabs Which are not used to secure an 
electrode assembly Will be removed, typically by cutting. 
Preferred target sites are electrically activated receptors, usu 
ally baroreceptors, more usually baroreceptors on the carotid 
sinus. The use of such electrode assemblies having multiple 
attachment tabs is particularly bene?cial When securing the 
electrode assembly on a carotid artery near the carotid sinus. 
By using particular tabs, as described in more detail beloW, 
the active electrode area can be positioned at any of a variety 
of locations on the common, internal, and/ or external carotid 
arteries. 

[0026] In another aspect, the present invention comprises 
pressure measuring assemblies including an elastic base 
adapted to be mounted on the outer Wall of a blood vessel 
under circumferential tension. A strain measurement sensor 
is positioned on the base to measure strain resulting from 
circumferential expansion of the vessel due to a blood pres 
sure increase. Usually, the base Will Wrap about the entire 
circumference of the vessel, although only a portion of the 
base need be elastic. Alternatively, a smaller base may be 
stapled, glued, clipped or otherWise secured over a “patch” of 
the vessel Wall to detect strain variations over the underlying 
surface. Exemplary sensors include strain gauges and micro 
machined sensors (MEMS). 
[0027] In yet another aspect, electrode assemblies accord 
ing to the present invention comprise a base and at least three 
parallel elongate electrode structures secured over a surface 
of the base. The base is attachable to an outside surface of a 
blood vessel, such as a carotid artery, particularly a carotid 
artery near the carotid sinus, and has a length suf?cient to 
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extend around at least a substantial portion of the circumfer 
ence of the blood vessel, typically extending around at least 
25% of the circumference, usually extending around at least 
50% of the circumference, preferably extending at least 66% 
of the circumference, and often extending around at least 75% 
of or the entire circumference of the blood vessel. As With 
prior embodiments, the base Will preferably be elastic and 
composed of any of the materials set forth previously. 
[0028] The at least three parallel elongate electrode struc 
tures Will preferably be aligned in the circumferential direc 
tion of the base, i.e., the axis or direction of the base Which 
Will be aligned circumferentially over the blood vessel When 
the base is mounted on the blood vessel. The electrode struc 
tures Will preferably be stretchable, typically being elongate 
coils, often being ?attened elongate coils, as also described 
previously. 
[0029] At least an outer pair of the electrode structures Will 
be electrically isolated from an inner electrode structure, and 
the outer electrode structures Will preferably be arranged in a 
U-pattern in order to surround the inner electrode structure. In 
this Way, the outer pair of electrodes can be connected using 
a single conductor taken from the base, and the outer elec 
trode structures and inner electrode structure may be con 
nected to separate poles on a poWer supply in order to operate 
in the “pseudo” tripolar mode described hereinbeloW. 
[0030] To address loW blood pressure and other conditions 
requiring blood pressure augmentation, the present invention 
provides electrode designs and methods utiliZing such elec 
trodes by Which the blood pressure may be selectively and 
controllably regulated by inhibiting or dampening barorecep 
tor signals. By selectively and controllably inhibiting or 
dampening baroreceptor signals, the present invention 
reduces conditions associated With loW blood pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a schematic illustration of the upper torso 
of a human body shoWing the major arteries and veins and 
associated anatomy. 
[0032] FIG. 2A is a cross-sectional schematic illustration 
of the carotid sinus and baroreceptors Within the vascular 
Wall. 
[0033] FIG. 2B is a schematic illustration of baroreceptors 
Within the vascular Wall and the barore?ex system. 
[0034] FIG. 3 is a schematic illustration of a baroreceptor 
activation system in accordance With the present invention. 
[0035] FIGS. 4A and 4B are schematic illustrations of a 
baroreceptor activation device in the form of an implantable 
extraluminal conductive structure Which electrically induces 
a baroreceptor signal in accordance With an embodiment of 
the present invention. 
[0036] FIGS. 5A-5F are schematic illustrations of various 
possible arrangements of electrodes around the carotid sinus 
for extravascular electrical activation embodiments. 
[0037] FIG. 6 is a schematic illustration of a serpentine 
shaped electrode for extravascular electrical activation 
embodiments. 
[0038] FIG. 7 is a schematic illustration of a plurality of 
electrodes aligned orthogonal to the direction of Wrapping 
around the carotid sinus for extravascular electrical activation 
embodiments. 
[0039] FIGS. 8-11 are schematic illustrations of various 
multi-channel electrodes for extravascular electrical activa 
tion embodiments. 
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[0040] FIG. 12 is a schematic illustration of an extravascu 
lar electrical activation device including a tether and an 
anchor disposed about the carotid sinus and common carotid 
artery. 
[0041] FIG. 13 is a schematic illustration of an alternative 
extravascular electrical activation device including a plurality 
of ribs and a spine. 
[0042] FIG. 14 is a schematic illustration of an electrode 
assembly for extravascular electrical activation embodi 
ments. 

[0043] FIG. 15 is a schematic illustration of a fragment of 
an alternative cable for use With an electrode assembly such 
as shoWn in FIG. 14. 
[0044] FIG. 16 illustrates a foil strain gauge for measuring 
expansion force of a carotid artery or other blood vessel. 
[0045] FIG. 17 illustrates a transducer Which is adhesively 
connected to the Wall of an artery. 
[0046] FIG. 18 is a cross-sectional vieW of the transducer of 
FIG. 17. 
[0047] FIG. 19 illustrates a ?rst exemplary electrode 
assembly having an elastic base and plurality of attachment 
tabs. 
[0048] FIG. 20 is a more detailed illustration of the elec 
trode-carrying surface of the electrode assembly of FIG. 19. 
[0049] FIG. 21 is a detailed illustration of electrode coils 
Which are present in an elongate lead of the electrode assem 
bly of FIG. 19. 
[0050] FIG. 22 is a detailed vieW of the electrode-carrying 
surface of an electrode assembly similar to that shoWn in FIG. 
20, except that the electrodes have been ?attened. 
[0051] FIG. 23 is a cross-sectional vieW of the electrode 
structure of FIG. 22. 
[0052] FIG. 24 illustrates the transition betWeen the ?at 
tened and non-?attened regions of the electrode coil of the 
electrode assembly FIG. 20. 
[0053] FIG. 25 is a cross-sectional vieW taken along the line 
25-25 of FIG. 24. 
[0054] FIG. 26 is a cross-sectional vieW taken along the line 
26-26 of FIG. 24. 
[0055] FIG. 27 is an illustration of a further exemplary 
electrode assembly constructed in accordance With the prin 
ciples of the present invention. 
[0056] FIG. 28 illustrates the electrode assembly of FIG. 27 
Wrapped around the common carotid artery near the carotid 
bifurcation. 
[0057] FIG. 29 illustrates the electrode assembly of FIG. 27 
Wrapped around the internal carotid artery. 
[0058] FIG. 30 is similar to FIG. 29, but With the carotid 
bifurcation having a different geometry. 

DETAILED DESCRIPTION OF THE INVENTION 

[0059] The folloWing detailed description should be read 
With reference to the draWings in Which similar elements in 
different draWings are numbered the same. The draWings, 
Which are not necessarily to scale, depict illustrative embodi 
ments and are not intended to limit the scope of the invention. 

[0060] To better understand the present invention, it may be 
useful to explain some of the basic vascular anatomy associ 
ated With the cardiovascular system. Refer to FIG. 1 Which is 
a schematic illustration of the upper torso of a human body 10 
shoWing some of the major arteries and veins of the cardio 
vascular system. The left ventricle of the heart 11 pumps 
oxygenated blood up into the aortic arch 12. The right sub 
clavian artery 13, the right common carotid artery 14, the left 






















