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INTRAVASCULAR BLOOD PUMP AND CATHETER

[0001] This application claims the priority benefit of provisional
application Serial Nos. 60/825,662, filed on September 14, 2006 and
60/870,4386, filed on December 18, 2008, the disclosures of which are hereby

fully incorporated by reference herein.

Technical Field

[ooo2] The present disclosure relates to vascular blood pump systems,
and more specifically, to an intravascular blood pump system for pumping blood

through an artery.

Background

[0003] Intravascular blood pumps are a class of blood pumps or
circulatory assist devices that may be implanted into the vascular system {e.g.,
the veins or arteries) of a patient in either a percutaneous manner or a surgical
manner. They may be used to assist the volume of blood being ejected from
the left or right side of the heart. A particular intravascular pump is known
generally as an axial flow blood pump and includes a rotor or impeller
surrounded by a protective housing. These components (i.e., the pump, the
rotor and housing) and any other components connected therewith are coupled
to the distal end of a flexible catheter. The catheter may be inserted into the
vascular system, such as through generally remote access into a femoral
artery. The catheter may ultimately be directed to and finally positioned in the
ascending aorta proximate to the left side of the heart, as one example.

Rotational force on one or more impeller blades associated with the implanted
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pump may be imparted by way of @ mechanical connection and drive or, for

example, a magnetic connection and drive.

[0004] Despite the advances made in this area of blood pumps and
systems, it remains desirable to provide improvements, for example, related
generally to guiding, positioning, stabilizing and operating intravascular blood

pumps and systems incorporating such blood pumps.

Summary

[0005] In an illustrative embodiment, an intravascular system for pumping
blood from a chamber of a heart and through an associated blood vessel
coupled in fluid communication therewith is provided. The system includes a
pump device configured to be inserted into a blood vessel. The system further
includes a catheter having a proximal end coupled to the pump device and a
distal end configured to collect blood within or exiting from the chamber. The
catheter further includes a pre-formed shape corresponding to the vessel to at
least assist with stabilization and positioning of the pump device in the vessel.
[0006] The catheter used in any of the embodiments encompassed
herein may further include first and second lumens. The first lumen is
configured to transport blood from the distal end to the proximal end and the
system may further include a wire inserted into the second lumen and
configured to define the pre-formed shape of the catheter. The catheter may
further include a helical portion, with the helical portion being configured to
facilitate securing the first end in the vessel. At least a portion of the catheter
may extend along an axis and the helical portion may then extend around the
axis generally parallel to a plane transverse to the axis. The catheter may

further comprise a lumen extending from the distal end to the proximal end and

2.
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at least one inlet aperture into the lumen on the helical portion. The at least one

inlet aperture may be positioned generally to face the axis to minimize suction
with vascular walls.

[0007] Also in the various embodiments, the catheter may further include
radiopaque markers to facilitate positioning the catheter and the pump device
within the vascular system.

[0008] A lumen in the catheter may extend from the distal end to the
proximal end with a guidewire entry port communicating with the lumen at the
distal end, and a guidewire exit port communicating with the lumen at the
proximal end.

[0009] A pump device is provided and is usable in connection with any
embodiment encompassed herein. The pump device includes a pump housing
having a first end coupled to the catheter and a tubular body extending from the
first end along an axis. The tubular body includes an outer surface and at least
one side outlet port extending through the outer surface. A pump is positioned
within the tubular body of the pump housing. A motor housing is also coupled
to the pump housing, and a motor is positioned within the motor housing. The
motor is configured to operate the pump so that blood is drawn from the
catheter, through the pump housing, and exits from the at least one side port.
[0010] In another embodiment, an intravascular pump device for
pumping blood from a catheter is provided and includes a pump housing having
a first end adapted to be coupled to the catheter, a second end, and a tubular
body extending between the first and second ends along an axis. A pump is
positioned within the tubular body of the pump housing. A motor housing is
coupled to the pump housing along the axis and is positioned proximate the

second end. The motor housing has a diameter smaller than the tubular body

“3-
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such that the pump housing defines an outlet extending along the axis between

the tubular body and the motor housing. A motor is positioned within the motor
housing with the motor being configured to operate the pump so that blood is
drawn from the catheter, moves through the tubular body of the pump housing,
and exits from the outlet.

[0011] With regard to the pump devices usable in connection with the
other components encompassed herein, a power cable may be coupled to the
motor housing along the axis or lengthwise direction of the tubular body. The
motor housing may include a tapered portion, for example, generally along the
axis or lengthwise direction. The pump housing may be defined by a pump inlet
housing coupled to the catheter and a pump outlet housing coupled to the
motor housing. The pump outlet housing may further include at least two vanes
coupling the motor housing to the pump outlet housing.

[0012] Various additional features and aspécts of the embodiments and
scope of the invention will be more readily appreciated upon review of the
following detailed description of the illustrative embodiments taken in

conjunction with the accompanying drawings.

Brief Description of the Figures

10013] Fig. 1 is a perspective view of one embodiment of a blood pump
system.
[0014] Fig. 2 is a front elevational view of a pump device of the blood

pump system shown in Fig. 1.
[0015] Fig. 3 is a front elevational view of a portion of a catheter used in

the blood pump system of Fig. 1.
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[0016] Fig. 4 is a side elevational view of a portion of the catheter shown
in Fig. 4.
[0017] Fig. 5 is a perspective view of another embodiment of a blood

pump system.

[0018] Fig. 6 is a front elevational view of a pump device of the blood
pump system shown in Fig. 5.

[0019] Fig. 7 is a perspective view showing an outlet end of the pump
device shown in Fig. 6.

[0020] Fig. 8 is an elevational view of another embodiment of a blood
pump system.

[0021] Fig. 9 is an enlarged view of the blood pump system shown in Fig.
8 ahd partially fragmented to show internal portions of the inflow housing.
[0022] Fig. 10 is a further enlarged view of the blood pump and inflow
sections shown in Fig. 9 and partially fragmented to show internal structure of

the inflow housing and blood pump.

Detailed Description

[0023] With reference to Fig. 1, one embodiment of an intravascular
blood pump system 10 is shown. The system generally includes a pump device
12, a catheter 14, and a pump cable 18 for supplying electrical power to the
pump device 12. The system 10 is configured to be inserted into a blood
vessel, such as a vein or artery, to pump blood from within a chamber of the
heart or at least a location close to an exit of a chamber, and then through the
associated vessel, as will be described in greater detail below.

[0024] As shown in Figs. 1 and 2, the pump device 12 includes an

elongate pump housing 18 having a first end 20 coupled to a transition portion

-5-
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22 of the catheter 14 and tubular body 24 extending from the first end 20 along

a longitudinal axis 26 of the pump housing 18. The first end 20 may be secured
to the transition portion 22 by rigid barbs, adhesive, or any other coupling
technique. In one embodiment, the tubular body 24 is defined by a pump inlet
housing 28 and a pump outlet housing 30. The pump inlet housing 28 and
pump outlet housing 30 may secured together by internal threads, adhesive,
laser welding, or any other suitable coupling technigue. Various components of
a blood pump are housed within the pump housing 18 to draw blood from the
catheter 14 info the tubular body 24. For example, the blood pump may
comprise an impeller 33 and associated impeller blades positioned within the
pump inlet housing 28. A motor 35 positioned within a motor housing 32
proximate the pump outlet housing 30 rotates the impeller 33 to draw blood
through the tubular body 24. It will be appreciated that the impeller 33 and
motor 35 are only schematically illustrated and may take many forms, including
a form as generally shown in Figs. 9 and 10 herein.

[0025] The motor housing 32 may be sealingly coupled to the pump
outlet housing 30 and the transition portion 22 may be sealingly coupled to the
pump inlet housing 28 to help control the flow of blood within the tubular body
24, One or more side outlet ports, slots, or apertures 34 extend through an
outer surface 36 of the pump outlet housing 30 so that the blood drawn into the
tubular body 24 through the catheter 14 by the blood pump may be delivered to
the blood vessel, such as the vein or artery, into which the system 10 has been
inserted. To eliminate sharp edges and to prevent areas of stagnant biood flow,
the motor housing 32 may be designed with a dome-shaped configuration as

shown. The motor housing 32 may also be configured to couple to the pump
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cable 16 along the longitudinal axis 26. Such an arrangement further reduces

the amount of stagnation so as to minimize the formation of thrombus.

[0026] Referring to Figs. 1, 3, and 4, the catheter 14 includes a proximal
end 40 (Fig. 1) coupled to the transition section 22, a distal end 42 configured to
collect blood exiting from a heart chamber, such as a ventricle, and a lumen
14a extending between the proximal and distal ends 40, 42 within the catheter
14. More specifically, the distal end 42 has a substantially linear portion 44
extending along an axis 46 and a substantially helical portion 48 extending
around the axis 46. The helical portion 48 first extends transverse to the axis
46 before wrapping around it in a helical configuration generally parallel to a
plane that is transverse to the axis 46. For example, the helical portion 48 may
include a transverse section 50 extending from the substantially linear portion
44 in a plane substantially perpendicular to the axis 46. The length of the
transverse section 50 may vary depending upon the desired diameter of the
helix formed by the helical portion 48. The diameter of the helix is preferably
large enough so that outer surfaces 52 of the helical portion 48 contact or
interact with the walls of the blood vessel! into which the catheter 14 is inserted.
Such an arrangement secures the catheter 14 within the blood vessel so that it
is stabilized and may not be easily retracted. The catheter 14 may be pre-
formed with the desired shape so that the helical portion 48 retains its helical
configuration after the catheter's insertion, as will be described below.

[0027] The helical portion 48 defines at least half of a full helix and may
have a pitch greater than or equal to the outer diameter of the catheter 14. Inlet
apertures 54 positioned on inner surfaces 56 of the helical portion 48
communicate with the lumen 14a of the catheter 14. The inlet apertures 54

may be circular, elliptical, triangular, or any other shape, and their cross-
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sectional areas may be greater than the cross-sectional area of the catheter

lumen 14a. The greater cross-sectional area allows blood to be freely drawn
into and through the lumen 14a when the pump device 12 is activated. This
prevents blood stagnation and the formation of thrombus outside of the lumen
14a. Also, by virtue of the inlet apertures 54 being positioned on the inner walls
56 and generally facing foward the axis 46, the catheter 14 avoids a “suction
effect” with adjacent vascular walls and structures when the pump device 12 is
activated. In other words, the inlet apertures 54 should not engage the vessel
wail.

[0028] The catheter 14 and pump device 12 may be inserted into the
blood vessel in a variety of ways. For example, in one embodiment the catheter
14 includes a guidewire entry port 60 on a distal tip 72 and a guidewire exit port
62 proximate the transition section 22. After inserting a guidewire 63 into the
blood vessel, the catheter 14 may be advanced over the guidewire 63 until it is
properly positioned. The guidewire 63 may then be removed by retracting it
through the guidewire exit port 62. In an alternative embodiment, the catheter
14 may be inserted into the blood vesse! through a sheath (not shown) and thus
would not require the guidewire entry and exit ports 60, 62. A hydrophilic
coating may be applied to the catheters disclosed herein to facilitate insertion.
Additionally, an anti-thromotic coating may also be applied to the catheters to
minimize the formation of thrombus.

[0029] The catheter 14 may be made from a variety of materials,
including but not limited to, silicone and polyurethane. The catheter 14 may
also be comprised of a composite construction that incorporates a wire braid or
coil. As mentioned above, the catheter 14 may be pre-formed with a helix or

other shape so that the helical portion 48 retains its shape after insertion. In
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other words, after the catheter 14 is manipulated and advanced into the blood

vessel in an expanded, non-helical form, or straightened form, using a
guidewire, sheath, or other insertion technique, the helical portion 48 can return
to its pre-formed helical shape upon removal of the guidewire, sheath, or other
restraint. In one embodiment, the catheter 14 is pre-formed with a helical
configuration using standard heat forming techniques. In another embodiment,
the catheter 14 incorporates a pre-formed NiTi or other shape memory wire or
material (not shown) for defining the helical shape. The wire may be located in
a separate, dedicated lumen or otherwise incorporated into the catheter 14.
Thus, in such an embodiment the catheter 14 has two lumens—one for
delivering blood to the pump device and one for receiving the NiTi wire.

[0030] The system 10 may be delivered to the vascular system using
endovascular techniques and may be designed to assist a particular heart
chamber. For example, when designed to assist the right ventricle, the blood
pump device 12 may be subcutaneously inserted into the vena cava with the
catheter 14 extending toward the tricuspid valve. When designed to assist the
left ventricle, the blood pump device 12 may be subcutaneously inserted into
the descending aorta with the catheter 14 extending toward the aortic valve.
The pump device 12 may therefore be sized to be received in a blood vessel of
the vascular system. In one embodiment, the pump housing 18 has an outer
diameter of approximately 13 mm.

[0031] Properly positioning the system 10 within the vascular system can
be a significant challenge due to bends and convolutions of the various blood
vessels. To address these challenges, the catheter 14 may be constructed
with a combination of appropriately sized straight sections 44, 64, 65 and

curved sections 66. For example, the curved section 66 may be designed to

-9-
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reflect the curvature of the aortic arch if the system is used to assist the left

ventricle. Additionally, the length of the section 65 at the proximal end 40 may
be selected to be a short distance to position the pump device 12 immediately
proximate the curved section 66 within the blood vessel (such as the aorta with
the curved section 66 corresponding to a location near the aortic arch) or a
longer distance to position the pump device 12 proximate the endovascular
entry site (typically the femoral artery) above bifurcation in the iliac artery. The
shapes of the various catheter sections 44, 64, 65, 66 are similar to those of
guiding catheters used for coronary access. The catheter sections may also be
pre-formed to desired shapes using the same techniques discussed above with
respect to the helical portion 48,

[06032] To further assist positioning within the vascular system, the
catheter 14 may include one or more radiopaque bands 70 at desired locations
along the catheter 14, Figs. 1 and 3 illustrate two radiopague bands 70 on the
substantially linear portion 44 of the distal end 42. The distal end 42 may also
be provided with a radiopaque tip 72 to further facilitate positioning the system
relative to an anatomical landmark such as the aortic or tricuspid valve.

[0033] Now referring to Figs. 5-7, an intravascular blood pump system
110 according to a second embodiment is shown. The system 110 includes the
same catheter 14 and pump cable 16 as the system 10. Because reference
can be made to the description of these components in Figs. 1-4, only the
differences between the systems 10 and 110 will be described in detail.

[0034] The system 110 includes a pump device 112 having an elongate
pump housing 118 with a first end 120 coupled to the transition section 22 of
the catheter 14. A tubular body 124 extends from the first end 120 along an

axis 126 and terminates at a second end 128. In one embodiment, a pump inlet
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housing 130 and a pump outlet housing 132 define the tubular body 124. The

tubular body 124 houses the various components of a pump, such as shown in
Figs. 8-10 and described further below. A motor (not shown) positioned within
a motor housing 134 drives the components of the pump to draw blood into and
through the tubular body 124.

[0035] Instead of incorporating side ports for blood to exit the pump
device 112, the pump housing 118 defines an opening or outlet 140 at the
second end 128. Although the motor housing 134 is positioned proximate the
second end 128, the motor housing 134 has a smaller diameter than the outlet
140 so that the impeller blades may pump blood out of the pump device 12 and
into the blood vessel. The motor housing 134 may be designed with a tapered
portion as shown to prevent abrupt changes in blood flow and minimize areas of
stagnation. This coaxial arrangement of the pump and outlet 140 allows the
pump device 112 to be positioned adjacent the wall of the blood vessel without
imposing a direct fluid force against the wall.

[0036] As shown in Fig. 7, the motor housing 134 may be coupled to the
pump housing 118 by vanes 144. The device 112 preferably incorporates at
least two vanes 144 to secure the motor housing 134 during operation. The
vanes 144 have contours designed to minimize their disruption of the blood flow
through the tubular body 124. Additionally, radii are provided where the vanes
144 couple to the motor housing 134 and pump housing 118 to minimize
thrombus formation and any potential damage to the blood flowing through the
tubular body.

[0037] Figs. 8-10 illustrate a blood pump system 160 according to a third
embodiment. The system 160 includes a pump device 162 receiving power

from a suitable cable 164 in the form of a catheter device that may be inserted

-41-
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through the vascular system of the patient. The pump 162 is connected to a

distal catheter portion 166 having a blood inflow tip 168. Catheter portion 166
may have a preformed, angled shape as shown. The blood inflow tip 168
includes suitable openings 168a for aliowing blood to be drawn into the tip
portion 166. A blood outflow or exit 170 is provided adjacent to the p.ump 162.
Referring more specifically to Figs. 9 and 10, the blood outflow comprises
openings 170 adjacent to a pump rotor 172 that is magnetically coupled to the
rotating output 174 of the pump motor 176. The pump motor 176 is therefore
completely sealed and respective permanent magnets carried on the pump
rotor 172 and the rotating output 174 transfer rotation from the output 174 to the
rotor 172 which is supported for rotation in the inflow housing 180. In one
suitable use of system 180, the intravascular pump 162 may reside in a
patient's aorta, with tip portion 166 extending through the aortic valve such that
the inflow tip 168 resides within the left ventricle of the patient. Blood would
therefore be drawn from the ventricle into the inflow tip 168 through openings
168a, then travel through tip portion 166 and exit at the outflow openings 170
into the patient's aorta. This would assist with expelling blood from the patient’s
left ventricle.

[0038] While the present invention has been illustrated by a description
of various illustrative embodiments and while these embodiments have been
described in some detail, it is not the intention of the Applicants to restrict or in
any way limit the scope of the appended claims to such detail. Additional
advantages and modifications will readily appear to those skilled in the art. The
various features of the invention may be used alone or in any combination
depending on the needs and preferences of the user. This has been a

description of the present invention, along with the preferred methods of
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practicing the present invention as currently known. However, the invention

itself should only be defined by the appended claims. What is claimed is:

13-



WO 2008/034068 PCT/US2007/078507
1. An intravascular system for pumping blood from a chamber of a

heart and through an associated blood vessel, comprising:

a pump device configured to be inserted into a blood vessel;

a catheter having a proximal end coupled to said pump device
and a distal end configured to collect blood exiting from the chamber, said
catheter having a pre-formed shape corresponding to the blood vessel to at
least assist with stabilization and positioning of the pump device in the blood

vessel,

2. The system of claim 1, wherein said catheter includes first and
second lumens, the first lumen configured to transport biood from said distal
end to said proximal end, the system further comprising:

a wire inserted into said second lumen, said wire configured to

define the pre-formed shape of said catheter.

3. The system of claim 1, wherein said catheter further includes a
helical portion, said helical portion being configured to facilitate securing said

first end in the blood vessel.

4. The system of claim 3, wherein at least a portion of said catheter
extends along an axis and said helical portion extends around said axis
generally paraliel to a plane transverse to said axis, said catheter further
comprising a lumen extending from said distal end to said proximal end and at
least one inlet aperture into said lumen on said helical portion, said at least one
inlet aperture being positioned to generally face said axis to minimize suction

with vascular walls.

-14-
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5. The system of claim 1, wherein said catheter further includes
radiopague markers to facilitate positioning said catheter and said pump device

within the vascular system.

6. The system of claim 1, wherein said catheter further comprises a
lumen extending from said distal end to said proximal end, a guidewire entry

port in said distal end, and a guidewire exit port in said proximal end.

7. The system of claim 1, wherein said pump device comprises:

a pump housing having a first end coupled to said catheter and a
tubular body extending from said first end along an axis, said tubular body
having an outer surface and at least one side outlet port extending through said
outer surface;

a pump positioned within said tubular body of said pump housing;

a motor housing coupled to said pump housing; and

a motor positioned within said motor housing, said motor being
configured to operate said pump so that blood is drawn from said catheter,

through said pump housing, and exits from said at least one side port.
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8. An intravascular pump device for pumping blood from a catheter,

comprising:

a pump housing having a first end adapted to be coupled to the
catheter, a second end, and a tubular body extending between said first and
second ends along an axis;

a pump positioned within said tubular body of said pump housing;

a motor housing coupled to said pump housing along said axis
and positioned proximate said second end, said motor housing having a
diameter smaller than said tubular body such that said pump housing defines
an outlet extending along said axis between said tubular body and said motor
housing; and

a motor positioned within said motor housing, said motor being
configured to operate said pump so that biood is drawn from said catheter,

moves through said tubular body of said pump housing, and exits from said

outlet.
9. The pump device of claim 8, further comprising:

a power cable coupled to said motor housing along said axis.
10. The pump device of claim 8, wherein said motor housing has a

tapered portion.
11. The pump device of claim 8, wherein said pump housing is

defined by a pump inlet housing coupled to the catheter and a pump outlet

housing coupled to said motor housing.
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12. The pump device of claim 11, wherein said pump outlet housing

further includes at least two vanes coupling said motor housing to said pump

outlet housing.
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