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Description

BACKGROUND OF THE INVENTION

2. Field of the Invention

[0001] The invention relates to an apparatus for long-
term assisting the left ventricle of a heart to pump blood.
A left ventricle assist device and associated methods are
disclosed.

3. Description of the Related Art

[0002] With the advent of new drugs, percutaneous
transluminal coronary angioplasty, commonly known as
"balloon angioplasty" and the use of stents in combina-
tion with balloon angioplasty, effective treatments are
available for heart disease, as it relates to coronary ar-
teries. The major problem currently in treatment of heart
disease is treating individuals having congestive heart
failure or who may require a heart transplant. In this re-
gard, it is believed that only certain very ill patients may
require a heart transplant, whereas many other individ-
uals with heart disease could benefit from a less compli-
cated, costly, and invasive procedure, provided the indi-
vidual’s heart can be somehow assisted in its function to
pump blood through a person’s body.
[0003] To this end, left ventricle assist devices
("LVAD") are in current use that can boost the heart’s
pumping ability, without replacing the patient’s heart by
way of a heart transplant. While presently available left
ventricle assist devices do provide a benefit to patients
with heart disease who require either a heart transplant
or assistance in pumping blood throughout the body, it
is believed that currently available devices have certain
disadvantages associated with them. Conventional left
ventricle assist devices generally require surgery upon
the heart itself, including surgical incisions into the heart,
which may weaken the heart, as well as requires a com-
plicated procedure to implant the left ventricle assist de-
vice.
[0004] Most LVAD implantations require a midline ster-
notomy of the chest and utilization of cardiopulmonary
bypass. Newer devices can be implanted through a lat-
eral thoracotomy and can be done without using cardi-
opulmonary bypass; however, large loss of blood may
occur during this procedure. It is also important to note
the fact that all current long term LVAD devices require
operation on the heart itself and disruption of the myo-
cardium, which can lead to further problems, including
arrhythmias, and left and right ventricular dysfunction,
which can lead to poor outcomes in the patients. The
major disadvantage in treating patients with chronic con-
gestive heart failure through a surgical approach is that
there is a significant risk of the surgery itself, including
just the use of general anesthesia itself and the use of
the heart lung machine. Patients with chronic congestive
heart failure have impaired liver, renal, pulmonary and

other organ function, and therefore, are prone to multiple
complications following surgery. As a result, current long-
term implantable left ventricular assist devices have a
one-year mortality rate of greater than 30%.
[0005] US 5,964,694 discloses an intravascular micro-
axial pump having an integrated configuration that ena-
bles both the drive unit as well as the pumping segment
to be advanced through a patient’s vasculature. US
6,585,756 discloses an implantable prosthesis including
a membrane and a fluid flow channel that may be inserted
into a body lumen to maintain fluid flow and support the
lumen wall; the membrane may be connected to a stent
and mounted on a frame which can expand from a de-
livery state into an expanded state.
[0006] Currently available left ventricle assist devices
may include pumps placed within the left ventricle of the
heart. Currently available devices typically include rela-
tively long conduits, or fluid passageways, in fluid com-
munication with the heart, and through which the per-
son’s blood must flow and be pumped therethrough. It is
believed that the long conduits may become sites for
thrombosis, or blood clots, which can possibly lead to
strokes and other complications. During many of the pro-
cedures to implant such currently available devices,
blood transfusions are required due to excessive bleed-
ing by the patient. Additionally, the surgery upon the heart
may lead to Right Heart Failure, which is the leading
cause of early death in present patients receiving im-
planted left ventricle assist devices. Presently available
left ventricle assist devices, which are connected to the
aorta of the patient, can lead to unbalanced blood flow
to certain branch vessels as compared to others. For
example, the blood flow from the aorta to certain blood
vessels that branch off the aorta, such as the coronary
or carotid arteries, may be diminished. Lastly, present
LVADs, which are implanted without chest surgery (per-
cutaneous LVADs), are typically only used for a relatively
short period of time, generally on the order of 7-10 days,
whereas it would be desirable for a long-term treatment
- on the order of months or even years - for patients with
severe chronic congestive heart failure who cannot with-
stand conventional surgery.
[0007] Accordingly, prior to the development of the
present invention, there has been no method and appa-
ratus for long-term assisting the left ventricle of the heart
to pump blood which: does not require surgery upon the
heart itself; does not require long conduits, or fluid pas-
sageways, to connect the device to the heart; supplies a
balanced and normal blood flow, or physiologic blood
supply, to branch vessels, such as the coronary and ca-
rotid arteries; can be implanted without the use of general
anesthesia; can be implanted and used for a long period
of time; and can be transluminally delivered and implant-
ed in a cardiac catheterization lab setting with minimal
blood loss and relatively low risk of morbidity and mor-
tality. Therefore, the art has sought a method and appa-
ratus for long term assisting the left ventricles of the heart
to pump blood, which: does not require surgery, or inci-
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sions upon the heart itself; does not require open chest
surgery; does not require lengthy conduits, or fluid pas-
sageways, through which the blood must flow and be
pumped through; is believed to provide a normal and
balanced blood flow or physiologic blood supply, to
branch vessels such as the coronary and carotid arteries;
can be transluminally delivered and implanted without
the use of general anesthesia; can be implanted and used
for a long period of time; and can be implanted in a cardiac
catheterization lab setting by a cardiologist with minimal
blood loss and relatively low risk of morbidity and mor-
tality.

SUMMARY OF THE INVENTION

[0008] In accordance with the present invention, the
foregoing advantages are believed to have been
achieved through the present long-term left ventricle as-
sist device for assisting a left ventricle of a heart in pump-
ing blood as defined in claim 1. The present invention
may include a transluminally deliverable pump and a de-
liverable support structure, which may be implanted in
the catheterization laboratory.
[0009] The apparatus for assisting the left ventricle of
the heart to pump blood of the present invention, when
compared to previously proposed methods and appara-
tus, is believed to have the advantages of: not requiring
surgery, or incisions, upon the heart itself; not requiring
the use of lengthy conduits, or fluid passageways,
through which blood must pass through and be pumped
through; supplying a normal and a balanced blood flow,
or physiologic blood supply, to branch vessels, such as
the coronary and carotid arteries; can be implanted with-
out the use of general anesthesia; not requiring a chest
surgery; can be implanted and used for a long period of
time; and can be transluminally implanted in a cardiac
catheterization lab setting with minimal blood loss and
relatively low risk of morbidity and mortality.

BRIEF DESCRIPTION OF THE DRAWING

[0010] In the drawing:
[0011] FIG. 1 is a front view of a current left ventricle
assist device, illustrating its location within a patient’s
body;
[0012] FIG. 2 is a partial cross-sectional view of a heart,
to illustrate its functions and anatomy;
[0013] FIG. 3 is a partial cross-sectional view of the
left ventricle assist device of the present invention in a
first transluminal delivery configuration, the device being
enlarged for clarity;
[0014] FIG. 4 is a partial cross-sectional view of the
left ventricle assist device in accordance with the present
invention in a second deployed configuration;
[0015] FIG. 4A is a partial cross-sectional view of an-
other embodiment of the left ventricle assist device in
accordance with the present invention in a second de-
ployed configuration;

[0016] FIG. 5 is perspective view of a power connec-
tion for the left ventricle assist device in accordance with
the present invention;
[0017] FIG. 6 is a perspective view of another embod-
iment of a power connection for the left ventricle assist
device in accordance with the present invention;
[0018] FIG. 7 is a side view of a connection flange in
accordance with the present invention;
[0019] FIG. 8 is a front view of the connection flange
of FIG. 7;
[0020] FIG. 9 is a partial cross-sectional view of an
embodiment of the left ventricle assist device in accord-
ance with the present invention, similar to that of FIGS.
3 and 4, including a one-way valve;
[0021] FIG. 10 is a partial cross-sectional view of the
left ventricle assist device of the present invention being
deployed in the ascending aorta.
[0022] While the invention will be described in connec-
tion with the preferred embodiments shown herein, it will
be understood that it is not intended to limit the invention
to those embodiments. On the contrary, it is intended to
cover all alternatives, modifications, and equivalents, as
may be included within the scope of the invention as de-
fined by the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0023] In FIG. 1, a currently available left ventricle as-
sist device 70 is shown to include: an inflow conduit, or
fluid passageway, 71, disposed between the lower por-
tion of the left ventricle 72 of heart 73 and a device hous-
ing 74; and an outflow conduit 75 disposed between the
device housing 74 and a portion of the ascending aorta
76 of heart 73. Device 70 also includes an associated
source 77 of suitable power and related sensors 78, all
operatively associated with device housing 74 in a known
manner.
[0024] As previously discussed, the implantation of left
ventricle assist device 70 within the body 79 requires
surgery incisions upon the heart 73, where the inflow
conduit 71 is attached to heart 73. As also previously
discussed, although left ventricle assist devices present-
ly in use, such as device 70 illustrated in FIG. 1, do pro-
vide the best presently available level of care for patients
awaiting a heart transplant, by assisting the patient’s
heart 73 to pump his or her blood through the patient’s
body, such currently available left ventricle assist devices
are believed to have certain previously discussed disad-
vantages. These disadvantages relate to: the use of the
lengthy conduits, or flow passageways, and the particu-
larly long outflow conduit 75; and the requirement of an
actual incision and surgery upon the heart muscle, in-
cluding blood loss and use of general anesthesia in order
to connect the inflow conduit to the left ventricle 72 of
heart 73. In the regard, some devices also include im-
planting components thereof within left ventricle 72 of
heart 73. The currently available left ventricle assist de-
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vices, such as device 70 of FIG. 1, although suffering
from the previously described disadvantages, is also an
acceptable device for helping patients who may not need
a heart transplant, or cannot withstand the rigors of such
a surgery, but who may similarly benefit from having as-
sistance provided in pumping blood through their body.
[0025] With reference to FIGS. 3-4, a left ventricle as-
sist device 80 in accordance with the present invention
is illustrated in conjunction with a patient’s heart 73. Be-
fore describing the left ventricle assist device 80 of the
present invention, a brief description of the functioning
of heart 73 and associated arteries will help in under-
standing the left ventricle assist device 80 as will be here-
inafter described.
[0026] In general, the heart 73 consists of two pumps
lying side by side. Each pump has an upper chamber, or
atrium, and a lower chamber, or ventricle, as will herein-
after be described. Heart 73 functions to provide a per-
son’s body 79 (FIG. 1) with a continuous supply of blood
as illustrated by arrows 81 throughout FIGS. 2-6. In gen-
eral, the right side of heart 73 receives "used" blood from
the veins (not shown) of a person’s body, and this blood
is pumped to the lungs (not shown) of the person’s body
to be oxygenated. The oxygen-rich blood from the lungs
is then returned to the left side of the heart, which pumps
it through the various arteries. Heart 73 requires its own
supply of blood to keep it beating. Oxygen-rich blood is
pumped to the chambers, or ventricles, of the heart
through the coronary arteries, as will be hereinafter de-
scribed. Once the blood has been used, it is returned to
the right side of heart 73 through a network of veins.
[0027] The functioning of these elements of heart 73
may be described in connection with FIGS. 2 and 5. De-
oxygenated blood flows from veins, such as vein 82 into
the right atrium, or right upper chamber, 85 of heart 73,
as illustrated by arrows 81’. Deoxygenated blood 81’ then
flows through the one-way tricuspid valve, or right atrio-
ventricular valve, 86’ into the right lower chamber, or right
ventricle, 86 of heart 73. Contraction of the muscle sur-
rounding right ventricle 86 pumps the blood through the
semilunar valve, or pulmonary valve 87, and along the
pulmonary arteries 88 through the lungs (not shown),
where the deoxygenated blood 81’ receives oxygen. The
ascending pulmonary artery is designated 89, from which
pulmonary arteries 88 branch. Oxygenated blood, as rep-
resented by arrows 81" flows from the lungs into the left
upper chamber, or left atrium, 90 and then passes down-
wardly through mitral valve, or left atrioventricular valve,
91 into the left lower chamber, or left ventricle, 72. Muscle
surrounding the left ventricle 72 contracts and pumps the
blood 81" through the semilunar valve, or aortic valve,
92 into the aorta, or ascending aorta, 76, and descending
aorta 98. The oxygenated blood 81" is then circulated
through the body’s arteries and ultimately returned as
deoxygenated blood 81’ to the right side of heart 73 as
previously described. As previously described, oxygen-
rich blood 81" is pumped to the left and right sides of
heart 73 through the left coronary artery 95 and right cor-

onary artery 96. As previously described, once the oxy-
gen-rich blood 81" has been used, the blood is returned
to the right side of the heart through a network of veins 97.
[0028] With reference to FIGS. 3 and 4, the left ventri-
cle assist device 80 of the present invention includes: a
pump 110 which is percutaneously and transluminally
delivered to a portion of the descending aorta 98 (FIGS.
2 and 4) of a patient 79 via the femoral artery 10 (FIG.
3) of a patient 79; and a transluminally deliverable support
structure 120 which secures, or anchors, pump 110 with-
in the descending aorta 98. Left ventricle assist device
80 is disposed within a portion of the descending aorta
98, preferably in a central portion of the descending aorta
98. Pump 110 pumps, or pulls, blood 81" downward from
the ascending aorta 76, and thereafter the oxygenated
blood 81" from left ventricle 72 is then circulated through
the various arteries of the patient’s body.
[0029] Still with reference to FIGS. 3 and 4, pump 110
is a rotary pump and preferably is an axial flow pump 111
having first and second ends 112, 113, and pump 110 is
preferably disposed within a housing 114. At least one
spiral vane, or impeller, 115 is disposed within housing
114. Housing 114 may be approximately 20 French di-
ameter in size, although other sizes may be selected.
Pump 110 is preferably powered by a motor 116, such
as an electric motor 116’, which rotates impeller 115.
Impeller 115 may be mounted on bearings, or magneti-
cally levitated, for rotation within housing 114. A power
wire 117 is associated with motor 116, and as will here-
inafter described in greater detail, it extends from left ven-
tricle assist device 80 to a point at which it may be asso-
ciated with a power source, such a battery (not shown).
Housing 114 may be provided with a top cover, or inflow
cage, 118, which permits the passage of blood 81" into
housing 114, as it is drawn into, pumped, or pulled into
housing 114 by the rotation of impeller 115. Housing 114
is preferably made of a suitable metallic or plastic mate-
rial, such as stainless steel, which is a bio-compatible
material. Alternatively, other bio-compatible materials,
including plastic materials, having the requisite strength
and bio-compatibility characteristics which permit the de-
sired use in a person’s aorta may be utilized. If pump 110
is an axial flow pump 111, impeller 115 would rotate about
the longitudinal axis 119 of housing 114.
[0030] Still with reference to FIGS. 3 and 4, support
structure 120 of left ventricle assist device 80 includes a
plurality of support members 121 associated with pump
110, which are preferably associated with housing 114.
Support members 121 may be secured to the outer sur-
face, or outer wall surface, 114’ of housing 114 in any
suitable manner, such as by welding or adhesive bond-
ing. Support structure 120 supports pump 110 within the
descending aorta 98, preferably in a generally, centrally
spaced relationship from the interior wall surface 98’ of
descending aorta 98. As will be hereinafter described in
greater detail, support structure 120 anchors pump 110
within descending aorta 98 for long-term use to assist
the pumping of blood 81" from ascending aorta 76 down-
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wardly through descending aorta 98. At least two support
members, or struts, 121 are disposed toward the upper
end 112 of pump 110 and toward the lower end 113 of
pump 110. Preferably, at least three support members,
or struts 121, are substantially equidistantly disposed
around each of the upper and lower ends 112, 113 of
pump 110. Preferably, the support members 121 have
are formed of a suitable bio-compatible material, such
as stainless steel. Alternatively, other bio-compatible ma-
terials, including plastic materials, having the requisite
strength, expansion or spring, and bio-compatible char-
acteristics to function in the manner hereinafter described
in a person’s aorta 98 may also be utilized. As shown in
FIG. 3, the support structure 120, or plurality of support
members 121 are disposed in a first configuration for
percutaneous transluminal delivery to the desired portion
of the descending aorta 98, as will be hereinafter de-
scribed. In the first configuration, support members 121
are disposed substantially adjacent the outer wall surface
116 of housing 114, and are disposed substantially par-
allel to the longitudinal axis 119 of housing 114. In this
first configuration, the overall diameter of pump 110,
housing 114, and support structure 120 is reduced to
permit the percutaneous transluminal delivery of the left
ventricle assist device 80 through the femoral or iliac ar-
tery 10 of the patient to the desired location within the
descending aorta 98.
[0031] The support members, or struts 121, may be
disposed in the configuration shown in FIG. 3 as by a
sheath 130 or annular bands (not shown), which may be
subsequently removed, or alternatively, the struts, or
support members 121, when initially attached to the outer
wall surface 114’ of housing 114, have the disposition
shown in FIG. 3.
[0032] Upon the left ventricle assist device 80 being
positioned within the desired portion of the descending
aorta 98, the support members, or struts, 121, have a
second, expanded configuration wherein the outer ends
122 of the support members 121 contact the inner wall
surface 98’ of descending aorta 98. The second dispo-
sition of the support members 121 shown in FIG. 4 may
be achieved in a variety of ways. For example, the sup-
port members 121 may be formed as leaf springs, or
spring members, wherein the support members 121 are
biased to spring outwardly into the configuration shown
in FIG. 4. If support members 121 are in the form of leaf
springs which bias outwardly toward descending aorta
98, they may be initially restrained into the configuration
shown in FIG. 3, by a sheath 130 or band-like member,
as previously described, which may be removed when
left ventricle assist device 80 has been delivered to its
desired location within the descending aorta 98, whereby
the support members, or struts, 121 would move out-
wardly into the configuration illustrated in FIG. 4. Alter-
natively, support members 121 could be formed of a ma-
terial, such as nitinol, whereby the support members 121
would initially have the configuration shown in FIG. 3,
and upon being heated by the blood flowing within aorta

98 would spring outwardly into the configuration illustrat-
ed in FIG. 4.
[0033] Other devices and structures could be utilized
for support structure 120, provided they permit the per-
cutaneous transluminal delivery of the left ventricle assist
device 80, and that after such delivery, the support struc-
ture 120 permits the disposition of the left ventricle assist
device within the descending aorta for long-term use, as
shown in FIG. 4. By use of the terms "long term" and
"long-term use", it is meant to be more than the relatively
short period of time that conventional percutaneous
LVADS are used for (e.g. greater than 7-10 days, as pre-
viously described), and preferably on the order of at least
a month and perhaps even a year or more.
[0034] With reference to FIGS 3 and 4, preferably, the
outer end 122 of at least one strut 121, and preferably
each of the outer ends of the support members, or struts,
121 are provided with an anchor element, such as a small
hook 123, or similar structure, which serves to anchor
each of the struts 121 at the desired location within de-
scending aorta 98. If desired, a plurality of anchor ele-
ments may be used. Preferably, the left ventricle assist
device 80 of the present invention is initially sheathed in
a sheath 130 of approximately 22 to 23 French size in
diameter in its undeployed configuration, as show in FIG.
3. If the struts 121 are of a spring-type design, the sheath
130 retains the support members 121 in the desired con-
figuration illustrated in FIG. 3. Housing 114 preferably
has a diameter of approximately 20 French. The strut
system, or struts 121, may also be deployed as a sepa-
rate unit from the pump and initially deployed, and there-
after the pump 110 can then be deployed into the center
of the strut system utilizing a locking mechanism, so that
the pump may be removed and replaced at a later date
so as to allow the ability to replace the pump if it should
fail. Additionally, two or more pumps 110, 110’ may be
placed in parallel in the descending aorta with one pump
being designed in a more cranial position and the other
pump in a more caudal position, so as to allow for redun-
dancy of the pumps in case one fails and to allow for
more pumping capability while utilizing the same French
size sheath for delivery, as shown in FIG. 4A.
[0035] It should be apparent to one of ordinary skill in
the art that other pumps 110 could be utilized in lieu of
axial flow pump 111, provided pump 110 is bio-compat-
ible and capable of operating in the environment of the
body, specifically the aorta, and able to pump blood 81".
Pump 110 may be powered by an implanted power de-
vice, or transformer, and may receive electric power from
either an implanted power source or from a source of
power located outside the patient’s body 79. It should be
readily apparent to one of ordinary skill that if desired
other types of power could be utilized to power pump
110, such as hydraulic power or other types of power
sources. The implanted power device, not shown, could
be a conventional battery or a plutonium, or other nuclear
material, power source.
[0036] With reference to FIG. 5, a power connection
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135 for left ventricle assist device 80 is shown, with power
wire 117 extending from the left ventricle assist device
80 being associated with a tubular shaped graft 131. The
power wire 117 extends into the interior 132 of graft 131
and passes outwardly of the graft 131 through the wall
surface of the graft 131 and includes a portion 118 of
power wire 117 extending outwardly from graft 131. As
will be hereinafter described in greater detail, the graft
131 is connected or anastamosed to the patient’s femoral
artery 10 (FIG. 3), or other suitable body passageway,
and it is desirable that blood flowing within graft 131 does
not leak from graft 131 at the location through which pow-
er wire 117 passes through graft 131. Graft 131 may be
formed as a woven Dacron graft, as are known in the art.
To provide the desired sealing about power wire 117, the
individual wires 117’ forming the composite power wire
117 may be woven into the interior surface of graft 131
and passed outwardly through the wall surface of the
graft 131 at which point the individual wires 117 are re-
combined into the portion 118 of power wire 117 extend-
ing outwardly of graft 131. Graft 131 may have an ap-
proximate length of 2-3cm. The external portion 118 of
power wire 117 may then be connected to a transcuta-
neous energy transmission coil (not shown), which may
be placed just under the skin in the patient’s thigh region.
The transcutaneous energy transmission coils may then
receive electrical energy from-another transcutaneous
energy transmission coil, or antenna, worn by the patient
in close proximity or remotely to the implanted transcu-
taneous energy transmission coil. Thus, power may be
supplied to pump 110 via power wire 117. Alternatively,
power wire 117 could pass through Dacron graft 131 or
the vessel wall itself and a suitable bio-compatible seal-
ant could be used to provide the requisite seal between
power wire 117 and graft 131.
[0037] Alternatively, the power wire 117 could be sur-
rounded by standard felt material, and the power wire
117 is exteriorized through the skin midway down the
patient’s thigh, approximate the vastous medialus or lat-
eralus muscle. The exiting power wire 117, or portion
118, could then be connected directly to an external bat-
tery and a controller device (not shown). The controller
(not shown) could be a standard power delivery device,
delivering proper wattage to allow for a variable range of
operation of pump 110, whereby pump 110 could pump
blood at a rate of from approximately 0.5 liters/minute to
as high as 5 liters/minute, depending upon the needs of
the patient. The battery may be connected to the control-
ler or incorporated within it, with one primary battery and
a second auxiliary battery being utilized. The controller
and batteries could be worn on the patient’s belt or up
on a holster-type system, or strapped to the patient’s leg
via a Velcro type attachment means, or other suitable
attachment structure. The transcutaneous energy trans-
mission coil could also be operated to provide varying
amounts of power to pump 110 so as to also provide for
the variable pumping of blood at a rate of from approxi-
mately 0.5 liters/minute to as high as 5 liters/minute.

[0038] The controller for either system could vary
pump speed either in synchronization with the heart
rhythm or paced rhythm, or out of synchronization with
the heart rhythm or paced rhythm to provide optimal flow
to the body. The device controller may also have the abil-
ity to sense the native electrocardiogram of the patient
or the paced rhythm, and thus vary pump speed based
upon it, and it may also communicate directly or indirectly
with an implanted pacemaker, or defibrillator device, to
optimize flow in this manner. The device controller may
also be able to sense when the patient is supine or lying
down and decrease or increase overall pump speed to
compensate for decreased need while supine. The de-
vice controller may also sense other physiologic param-
eters such as bioimpedence, body motion or cardiac per-
formance parameters and adjust pump speed to optimize
flow of blood to the body.
[0039] The LVAD 80 of the present invention may be
transluminally implanted according to a method including
some, or all, of the following steps. First, the patient is
prepared in a catheterization lab in a standard fashion.
Under conscious sedation, local anesthesia is applied to
the femoral area, similar to the manner in which a stand-
ard heart catheterization is performed. A small 3cm inci-
sion is made in the vertical plane overlying the femoral
artery 10, just below the inguinal ligament. The femoral
artery is exposed, and may then be entered by the
Seldinger technique over a guide-wire and is successive-
ly dilated to allow entry of a sheath 140, having a preferred
diameter of 23 French (FIG. 3). The sheath 140 is then
passed over a guide-wire and then placed into position
in the descending aorta 98, with the tip 141 (FIG. 3) in
the mid thoracic aorta, approximately 4 cm below the
take off of the left subclavian artery. The sheath 140 is
then de-aired. Sheath 140 contains at its external end,
outside the patient’s body, a one-way valve and a side
arm for de-airing. The LVAD 80 is then passed through
the one-way valve into the sheath 140 to the tip 141 at
the mid thoracic area. The passage of the LVAD 80
through the sheath 140 is made possible with an obtu-
rator (not shown). As the obturator is held in place, the
sheath 130 is then withdrawn, which in the case of a
spring type support structure 120, the support members,
or struts 121 then spring open and anchor the pump 110
in the descending aorta 98. The obturator is then re-
moved, and the sheath 140 is then pulled back with the
power wire 117 still passing through, or disposed within,
the sheath 140.
[0040] The graft 131 (FIG. 5) that contains the transar-
terial wire system, or power connection 135, is then
passed trough the one-way valve into the sheath 140,
and the sheath 140 is successively withdrawn until the
sheath exits the femoral or iliac artery. Just prior to it
exiting the femoral, or iliac, artery, a clamp is placed prox-
imal to the entry site to prevent excessive bleeding.
Thereafter, a small section approximately 1.5 cm of the
femoral artery is excised, and the graft 131 is anasta-
mosed in an end-to-end fashion in an interposition tech-
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nique to the femoral or iliac artery. It is then de-aired.
This leaves the transarterial wire, or portion 118 (FIG. 5)
of wire 117 external to the artery 10, which is then tun-
neled to a drive line exit site or tunneled under the skin
to a transcutaneous energy transmission coil, which is
placed under the skin. The skin is then closed with suture.
[0041] Alternatively, with reference to FIGS. 6-9, after
the sheath 140 is removed, a clamp is applied to prevent
excessive bleeding. At the site of entry of the power wire
117 into the artery 10, a tubular graft, or a small flange
member 160 is placed via a small delivery tool, which is
passed over the power wire 117. The graft, or flange, 160
is put into position and the small delivery tool is removed
and any excessive bleeding is observed. The flange
member 160 may be made of either Dacron graft material
or an inert polyurethane compound, or other bio-compat-
ible material, and flange 160 may also be a thrombin plug
with a central hole 161 to allow passage of the wire 117.
The flange member 160 is preferably two small, circular
shaped members joined by a central portion 162, which
has a central hole 161 through which the wire passes.
The flange 160 is preferably 25 French in diameter,
whereby it is large enough to occlude the hole in the
artery 10, which was made by the large sheath 140. This
flange system allows for externalization of the power wire
117 from the artery 10 without excessive bleeding while
preventing formation of an arterial fistula. The power wire
is now external to the artery 10 and can be attached to
an internal implanted transcutaneous energy transmis-
sion coil or exteriorized through a drive line as previously
described.
[0042] After access to the artery 10 is gained, anti-
coagulation with a short term intravenous anti-coagulant
is provided during the procedure, and immediately there-
after, until long-term oral anti-coagulation can be institut-
ed, if needed.
[0043] With reference to FIG. 9, a figure similar to FIG.
4, the left ventricle assist device 80 is provided with a
one-way valve 170, and is shown disposed in the de-
scending aorta 98. The same reference numerals are
used for the same components shown and described in
connection with FIGS. 3 and 4. One-way valve 170 may
be provided to prevent backflow of blood 81" from flowing
upwardly back into descending aorta 98. One-way valve
170 may be provided in any suitable manner, such as by
supporting one-way valve 170 by a strut system 171 as-
sociated with housing 114. Strut system 171 may include
a plurality of strut members 172 which may be deployed
in a similar manner to strut members 121 of strut system
120 to bring the circumferential end, or lip, 172 of one-
way valve 170 into a sealing relationship with the interior
surface 98’ of descending aorta 98. The other, smaller
diameter circumferential end, or lip, 174 of one-way valve
170 is shown in FIG. 9 disposed in its sealed relationship
with respect to housing 114, whereby backflow of blood
81" upwardly into descending aorta 98 is prevented. As
blood 81" is pumped to flow downwardly into descending
aorta 98, one-way valve 170 may open as shown by dot-

ted lines 170’, whereby one-way valve 170 opens as
shown in the direction of arrows 175, whereby the cir-
cumferential lip 174 of one-way valve 170 moves out-
wardly from housing 114 to permit blood 81" to flow not
only through pump 110, but from outside housing 114
and into descending aorta 98.
[0044] One-way valve 170 may be made of any suita-
ble bio-compatible, or biomaterial, including plastic ma-
terials, having the requisite strength and bio-compatibility
characteristics which permit the desired use in a person’s
aorta and permits the function of one-way valve 170. Rig-
id biomaterials, or flexible biomaterials may be utilized
for the construction of one-way valve 170.
[0045] With reference to FIG. 10, the left ventricle as-
sist device 80 of the present invention, having the same
general construction as illustrated in connection with
FIGS. 3 and 4 is shown disposed, not in the descending
aorta 98, but rather in the ascending aorta 76, with oxy-
genated blood 81" being pumped by pump 110 from the
left ventricle 72 and outwardly into the aortic root, or as-
cending aorta, 76. In this embodiment of the left ventricle
assist device 80, the housing 114’ is lengthened to in-
clude an inflow cannula 180, which may be provided with
a plurality of openings, or ports, 181 formed in the side
walls of cannula 180. Similar ports 181 may also be pro-
vided in the upper end of housing 114’, which ports 181
assist in the passage of blood 81" through housing 114’.
As shown in FIG. 10, housing 114’ is anchored within
ascending aorta 76 by a plurality of strut members 121,
and housing 114’ is disposed within aortic valve 92. When
the left ventricle assist device 80, shown in FIG. 10, is
deployed within the ascending aorta 76, the aortic valve
92 functions as the one-way valve which may be provid-
ed, as discussed in connection with the embodiment of
LVAD 80 of FIG. 9. It is believed that by disposing the
left ventricle assist device 80 within the ascending aorta
76, direct unloading of the left ventricle 72 will be provid-
ed, so that more efficient afterload reduction may be ac-
complished. It is also believed that deployment of the left
ventricle assist device in the ascending aorta 76 will also
permit better perfusion of the cerebral circulation. In the
embodiment of left ventricle assist device 80 of FIG. 10,
power wire 117’ may be associated with the upper, or
first end, 112 of pump 110.
[0046] Alternatively, rather than transluminally im-
planting the LVAD 80 of the present invention through
the femoral artery, as previously described, LVAD 80
may be transluminally implanted and delivered through
the left or right subclavian artery, and the power source
or battery and controller may be placed in the pectoral
area of the patient. This type of implant technique would
be similar to the implantation of a cardiac pacemaker or
defibrillator, with the exception that access would be ob-
tained through the subclavian artery, rather than the sub-
clavian vein. The power source, and/or its controller, may
be incorporated in a device such as a cardiac pacemaker
or defibrillator, if used in this manner.
[0047] Alternatively, if desired, the pump 110 and sup-
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port structure 120, including support members 121, could
be designed whereby pump 110 and support structure
120 could be removed with a catheter based removal
device (not shown) which could collapse support mem-
bers 121 and disengage them from their anchored con-
figuration to permit the removal of them and pump 110,
if desired, such as to replace or repair pump 110. Such
a catheter based removal device could be similar to those
presently used with inferior vena cava filters.
[0048] The present invention has been described and
illustrated with respect to a specific embodiment. It will
be understood to those skilled in the art that changes and
modifications may be made without departing from the
scope of the invention as set forth in the appended claims.

Claims

1. A left ventricle assist device (80) adapted to be de-
livered to, and implanted within, a portion of an aorta
(98), comprising:

at least one transluminally deliverable pump
(110); and
a transluminally deliverable support structure
(120) for securing the at least one pump within
the portion of the aorta for long-term use, where-
in the support structure includes a plurality of
support members (121) associated with the at
least one pump, and the plurality of support
members are a plurality of struts, each strut hav-
ing an outer end, and at least one of the struts
has at least one anchor element (123) adjacent
the outer end of the strut to anchor the strut to
a portion of the aorta.

2. The left ventricle assist device of claim 1, wherein
the at least one anchor element (123) is a hook.

3. The left ventricle assist device of claim 1, wherein
the at least one pump (110) is a rotary pump.

4. The left ventricle assist device of claim 3, wherein
the at least one pump (110) is an axial flow pump
(111) disposed within a housing (114), and includes
a rotatable impeller (115) and a motor (116).

5. The left ventricle assist device of claim 4, wherein
the motor is an electric motor (116’) which receives
electricity from a power wire (117) in an electrical
transmitting relationship with the motor.

6. The left ventricle assist device of claim 5, wherein
the power wire (117) has first and second ends and
an intermediate portion, the first end of the power
wire is associated with the motor (116) and the sec-
ond end of the wire is associated with a power
source; and a portion of the intermediate portion of

the power wire is associated with a graft (131), adapt-
ed to be disposed within a body passageway, the
portion of the power wire passing through the graft.

7. The left ventricle assist device of claim 6, wherein
the graft (131) is a tubular graft.

8. The left ventricle assist device of claim 7, wherein
the tubular graft (131) has first and second ends and
a wall surface extending between the first and sec-
ond ends of the tubular graft, and the portion of the
power wire (117) passes through the wall surface of
the graft.

9. The left ventricle assist device of claim 8, wherein
the power wire (117) is formed of a plurality of indi-
vidual wires (117’), and the plurality of individual
wires are woven into the wall surface of the graft
(131).

10. The left ventricle assist device of claim 7, wherein
the tubular graft (131) is a flange member (160),
adapted to be disposed within a wall of the body pas-
sageway, and the portion of the power wire (117)
passes through the flange member.

11. The left ventricle assist device of claim 1, including
a one-way valve (170) adapted to prevent undesired
backflow of blood (81") into a portion of the aorta (98).

12. The left ventricle assist device of claim 1, including
an inflow cannula (180) having a plurality of ports
(181) associated with the at least one pump (110).

Patentansprüche

1. Unterstützungsvorrichtung (80) für einen linken Ven-
trikel, so ausgelegt, dass sie einem Teil einer Aorta
(98) zugeführt und darin implantiert werden kann,
umfassend
mindestens eine transluminal verabreichbare Pum-
pe (110); und
eine transluminal verabreichbare Stützstruktur (120)
zum Befestigen der mindestens einen Pumpe im Teil
der Aorta für langfristige Verwendung, worin die
Stützstruktur enthält eine Anzahl mit der mindestens
einen Pumpe verbundene Stützelemente (121), und
worin die Anzahl Stützelemente eine Anzahl Stege
sind, wobei jeder Steg ein äußeres Ende hat, und
worin mindestens einer der Stege mindestens ein
Ankerelement (123) neben dem äußeren Ende des
Stegs hat, um den Steg in einem Teil der Aorta zu
verankern.

2. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 1, worin das mindesens eine An-
kerelement (123) ein Haken ist.
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3. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 1, worin die mindestens eine Pum-
pe (110) eine Rotationspumpe ist.

4. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 3, worin die mindestens eine Pum-
pe (110) eine in einem Gehäuse (114) angeordnete
Axialkreiselpumpe (111) ist, und ein rotierendes
Laufrad (115) und einen Motor (116) enthält.

5. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 4, worin der Motor ein elektrischer
Motor (116’) ist, welcher Elektrizität von einem
Stromkabel (117) erhält, das mit dem Motor in einer
elektrischen Verbindung steht.

6. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 5, worin das Stromkabel (117) ein
erstes und ein zweites Ende hat sowie einem Mittel-
teil, wobei das erste Ende des Stromkabels mit dem
Motor (116) verbunden ist und das zweite Ende des
Kabels mit einer Stromquelle verbunden ist; und wo-
bei ein Teil des Mittelteils des Stromkabels mit einem
Implantat (131) verbunden ist, ausgelegt, um in ei-
nem Körperdurchgang angebracht zu werden, wo-
bei der Teil des Stromkabels durch das Implantat
verläuft.

7. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 6, worin das Implantat (131) ein
schlauchförmiges Implantat ist.

8. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 7, worin das schlauchförmige Im-
plantat (131) ein erstes und ein zweites Ende hat
sowie eine Wandoberfläche, die sich zwischen dem
ersten und dem zweiten Ende des schlauchförmigen
Implantats erstreckt, und worin der Teil des Strom-
kabels (117) durch die Wandoberfläche des Implan-
tats (131) verläuft.

9. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 8, worin das Stromkabel (117) aus
einer Anzahl einzelner Kabel (117’) gebildet wird,
und worin die Anzahl einzelner Kabel in die
Wandoberfläche des Implantats (131) verwoben
werden.

10. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 7, worin das schlauchförmige Im-
plantat (131) ein Flanschteil (160) ist, ausgelegt um
in einer Wand des Körperdurchgangs angeordnet
zu werden, und worin der Teil des Stromkabels (117)
durch den Flanschteil verläuft.

11. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 1, umfassend ein Einwegventil
(170), ausgelegt zum Verhindern von unerwünsch-

tem Rückfluss von Blut (81") in einen Teil der Aorta
(98)

12. Unterstützungsvorrichtung für einen linken Ventrikel
gemäß Anspruch 1, umfassend eine Einlasskanüle
(180) mit einer Anzahl Anschlüssen (181), die mit
der mindestens einen Pumpe (110) verbunden sind.

Revendications

1. Dispositif d’assistance (80) pour ventricule gauche,
adapté à être délivré et implanté dans une partie
d’une aorte, comprenant :

au moins une pompe (110) pouvant être admi-
nistrée transluminalement ; et
une structure de support (120) pouvant être ad-
ministrée transluminalement pour fixer l’au
moins une pompe dans la portion de l’aorte pour
utilisation à long terme, la structure de support
comprenant une pluralité de membres de sup-
port (121) associés à l’au moins une pompe, et
la pluralité de membres de support étant une
pluralité d’entretoises, chaque entretoise ayant
une extrémité extérieure, et au moins une des
entretoises ayant au moins un élément d’ancra-
ge (123) adjacent à l’extrémité extérieure de
l’entretoise pour ancrer l’entretoise à une partie
de l’aorte.

2. Dispositif d’assistance pour ventricule gauche selon
la revendication 1, dans lequel l’au moins un élément
d’ancrage (123) est un crochet.

3. Dispositif d’assistance pour ventricule gauche selon
la revendication 1, dans lequel l’au moins une pompe
(110) est une pompe rotative.

4. Dispositif d’assistance pour ventricule gauche selon
la revendication 3, dans lequel l’au moins une pompe
(110) est une pompe axiale (111) disposée dans un
boîtier (114) et comprend un impulseur rotatif (115)
et un moteur (116).

5. Dispositif d’assistance pour ventricule gauche selon
la revendication 4, dans lequel le moteur est un mo-
teur électrique (116’) qui reçoit de l’électricité d’un
câble de courant (117) qui se trouve dans une rela-
tion de transmission électrique avec le moteur.

6. Dispositif d’assistance pour ventricule gauche selon
la revendication 5, dans lequel la câble de courant
(117) a des extrémités première et deuxième et une
partie intermédiaire, la première extrémité du câble
de courant étant associée au moteur (116) et la
deuxième extrémité du câble étant associée à une
source de courant ; et dans lequel une partie de la
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partie intermédiaire du câble de courant est associée
à un greffon (131), adapté à être disposé à l’intérieur
d’un passage corporel, la partie du câble de courant
passant à travers le greffon.

7. Dispositif d’assistance pour ventricule gauche selon
la revendication 6, dans lequel le greffon (131) est
un greffon tubulaire.

8. Dispositif d’assistance pour ventricule gauche selon
la revendication 7, dans lequel le greffon tubulaire
(131) a des extrémités première et deuxième et une
surface de paroi qui s’étend entre les extrémités pre-
mière et deuxième du greffon tubulaire, et dans le-
quel la partie du câble de courant (117) passe à tra-
vers la surface de paroi du greffon.

9. Dispositif d’assistance pour ventricule gauche selon
la revendication 8, dans lequel le câble de courant
(117) est formé par une pluralité de câbles indivi-
duels (117’), et dans lequel la pluralité de câbles in-
dividuels sont tissés dans la surface de paroi du gref-
fon (131).

10. Dispositif d’assistance pour ventricule gauche selon
la revendication 7, dans lequel le greffon tubulaire
(131) est un membre volet (160), adapté à être dis-
posé dans la paroi du passage corporel, et dans le-
quel la partie du câble de courant (117) passe à tra-
vers le membre volet.

11. Dispositif d’assistance pour ventricule gauche selon
la revendication 1, comprenant une valve anti-retour
(170), adaptée à prévenir le retour indésirable de
sang (81 ") dans la partie de l’aorte (98).

12. Dispositif d’assistance pour ventricule gauche selon
la revendication 1, comprenant une canule d’entrée
(180) ayant une pluralité de ports (181) associés à
l’au moins une pompe (110).
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