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VIA OVERNIGHT COURIER AND EMAIL December 15, 2015

Mr. Michael R. Minogue

Chief Executive Officer, President and Chairman
Abiomed, Inc.

22 Cherry Hill Drive

Danvers, Massachusetts 01923

Re: Maquet Cardiovascular LLC Patent Portfolio and Abiomed’s Impella
Circulatory Support Systems

Dear Mr. Minogue:

Abiomed, Inc. (“Abiomed”) is marketing and selling intravascular blood pumps that are known as the
Impella 2.5, Impella 5.0, Impella CP, and Impella RP Circulatory Support Systems. We are writing to you
because Maquet Cardiovascular LLC, a subsidiary of the Getinge Group, owns a collection of patents and
pending patent applications in the United States and elsewhere that describe and claim intravascular blood
pumps, and methods of using such pumps, with features such as guiding mechanisms, catheters, purge
fluid lines and cannulas that we have seen in the Abiomed Impella products. Maquet proposes to discuss

with Abiomed terms of a license or other agreement concerning these patents.

Maquet has retained Alston & Bird, LLP as outside counsel for the purpose of protecting Maquet's interests
in its patents, and other intellectual property rights, against infringement by Abiomed.

The Maquet patent portfolio in the United States includes the following patents and applications, among
others:
U.S. Patent No. 7,022,100 (“the ‘100 Patent"), which issued on April 4, 2006;
U.S. Patent No. 8,888,728 (“the ‘728 Patent”), which was issued on November 18, 2014; and
Pending U.S. Patent Application No. 14/543,815 (“the ‘815 Application”), for which a Notice of
Allowance was issued on October 5, 2015.
Maquet also owns patent applications in other jurisdictions such as Japan and Europe, including in
particular Germany. The subject matter of these applications is similar to that of the U.S. patents. Copies

of these U.S. and foreign patents and patent application are enclosed.

Maquet

45 Barbour Pond Dr.
Wayne, NJ 07470
Phone: 973 709 7271
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Maquet’s patents and pending applications have early priority claims that stem from a provisional
application dated September 3, 1999 and a PCT application that was filed on September 1, 2000. The
claims of these patents are entitled to broad coverage in view of the claim language and patent
disclosures, and because the ventricular assist device industry was still in its infancy as of the priority
dates. Enclosed for your convenience are preliminary claim charts for certain illustrative claims of the ‘100
patent, the ‘728 patent and the ‘815 application that compare the patent claims to the Impella product
features. See Appendices A-C. As noted, these charts are illustrative only. Other claims, including
dependent claims, are also infringed.

We have reviewed public information, including publications, about Abiomed’s product development and
are aware that the Impella products and features in the products (such as the “pigtail” a/k/a EasyGuide
lumen) were reduced to practice well after the priority dates of the Maquet patents and applications. We do
not believe that Abiomed could show earlier activity in the United States (or elsewhere) that would affect
the validity of the Maquet patents.

We know that Abiomed has been aware of at least Maquet’s ‘100 patent for some time because this patent
was cited in patent applications prosecuted by Abiomed. Abiomed has continued its commercialization of
its Impella products notwithstanding its knowledge of the Maquet patents and is therefore subject to liability
for treble damages for willful infringement, and in the event of an infringement suit, to a determination of

exceptional case, with attendant liability for Maquet's attorney’s fees and costs.

Obviously, the United States is an important market for ventricular assist devices. In addition, we
understand that Abiomed is making and selling its Impella products in Germany, and that Abiomed has
recently announced its intention of entering the Japanese market with these products. Maquet’s patents
and applications provide Maguet, as the patent owner, with the exclusive rights to the subject devices in all

of these jurisdictions.

We understand that Abiomed's marketing efforts have targeted Maquet's products as competing devices.
Maquet has not been required to mark the patent information on its products because they are different
from the patent claims. Thus, in the event of an infringement dispute Maquet could seek lost profits
damages for up to the past six years, plus injunctive relief requiring Abiomed to stop making, using,
offering for sale, selling or importing its Impella products for the remaining patent term.

A preliminary draft of a complaint for patent infringement is attached. Notwithstanding the foregoing facts,
Magquet is willing to discuss entering into an agreement with Abiomed for a license to some or all of the
Magquet patent portfolio. Please consider this letter as an invitation to discuss reasonable terms of a
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business arrangement that we hope would be attractive to both Maquet and Abiomed. We kindly request a
phone conference to discuss by January 13, 2016. Please confirm the receipt of this letter by Dec. 18.

Sincerely

Ajey Atre
Managing Director,
Maguet Cardiovascular LLC

Enclosures:

Appendices A-C (claim charts)

Draft Complaint

U.S. Patent No. 7,022,100

U.S. Patent No. 8,888,728

Allowed claims of U.S. Patent Application No. 14/543,815
EP 1207934B1

JP 4159781
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APPENDIX A

Claim Chart — U.S. Patent No. 7,022,100
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F.R.E. 403

Appendix A
U.S. Patent No. 7,022,100

16. An intravascular blood pump The Impella 2.5, Impella 5.0, Impella CP, and Impella RP are intravascular blood pumps.
system comprising:

an intravascular blood pump The above-identified Impella products include a cannula coupled to the blood pump.
having a cannula coupled thereto,

Impella 2.5

9Fr  Diameter

Flow rate
2.5L tw25t/min

12Fr pump motor Blood Inlet

Appendix A —*100 Patent
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F.R.E. 403

Impella 5.0

QFr Catheter

= Diameter

50l Flow rate up
‘ to 5.0 L/min

/

Blood Inlet
21 Fr pump motor Area

|

Impella CP

Catheter

7T Diameter

14 Fl Compatible with
. Abiomed’s 14 Fr sheath

s /L

Appendix A —*100 Patent
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F.R.E. 403

Impella RP

1 = Catheter
A:H— Diameter

Greater than @
>4 L 4L/minute Z
Outlet Area

22F Pump Motor

1
T J— Unique 3D
a guide mechanism adapted to The above-identified Impella blood pumps utilize a guide mechanism.
guide said intravascular blood
pump and cannula to a Impella 2.5:
predetermined location within the | Pigtail The 6 Fr pigtail is attached to the cannula at the distal end of the inlet
circulatory system of a patient, and area. It assists with stabilizing the catheter in the correct position in
the left ventricle.
EasyGuide lumen The red loading lumen, which runs from the tip of the pigtail through
the outlet area of the cannula, facilitates loading the catheter onto the
guidewire

Impella 2.5 Manual, p. 3.4; see also Impella 5.0 Manual, p. 3.3 (containing the same
disclosure); Impella CP Manula, p. 3.4 (containing the same), Impella RP Manual, p. 3.3
(containing the same).
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F.R.E. 403

a blood pressure detection The above-identified Impella blood pumps include a blood pressure detection mechanism.
mechanism to detect the pressure
of the blood proximate at least one | Impella 2.5

of the intravascular blood pump “A 9 Fr catheter shaft is located between the motor housing and the red Impella® plug.
and cannula. The lumen of the catheter shaft contains a purge lumen, a pressure measurement
lumen...and an electrical cable.” Impella 2.5 Manual, p. 3.5.

Impella 5.0
“The Impella 5.0 has an electronic differential pressure sensor located at the proximal

end of the 21 FR cannula.” Impella 5.0 Manual, p. 3.4.

Impella CP
“The Impella® Catheter uses a fluid-filled pressure lumen with an inlet at the proximal

end of the motor housing and the pressure sensor located in the red Impella® plug.”
Impella CP Manual, p. 3.5.

Impella RP
“The Impella RP Catheter has an electronic differential pressure sensor located at the

proximal end of the cannula.” Impella RP Manual, p. 3.4

Appendix A —*100 Patent
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Claim Chart — U.S. Patent No. 8,888,728
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Appendix B

U.S. Patent No. 8,888,728

F.R.E. 403

Claims

Infringement Analysis

1. An intravascular blood
pump system,
comprising: an
intravascular blood
pump comprising:

The Impella 2.5, Impella 5.0, Impella CP, and Impella RP are intravascular blood pumps.

(1a) a rotor having a
rotor hub tapering in the
distal direction, at least
one blade extending
radially outward from
the rotor hub, the hub
has a distal end
extending distally
beyond the most distal
portion of the blade and

The above-identified Impella blood pumps have a rotor that meets these limitations.

Impella 2.5/5.0/RP
Distal Direction

Rotor Blade

Rotor Hub

Appendix B — 728 Patent
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F.R.E. 403

Claims

Infringement Analysis

Impella CP.

Y e Catheter
Diameter

‘ 4 F[' Compatible with
Abiomed’s 14 Fr sheath

s

14 Fr pump motor

Outiet Area

/

Blood Inlet
Area

(1b) a shroud within
which the rotor is
rotatably disposed;

The above-identified Impella blood pumps have a rotor within a shroud.

Appendix B — 728 Patent
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F.R.E. 403

Claims

Infringement Analysis

Impella 2.5/5.0/RP

Rotor

Impella CP.

‘ 4 Fr Compatible with
Abilomed’s 14 Fr sheath

14 Fr pump motor

Shroud

|

Blood Inlet
Area

Appendix B — 728 Patent
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F.R.E. 403

Claims

Infringement Analysis

(1c) a cannula extending
from the shroud and
comprising an outer
cannula surface, the
outer cannula surface
having a substantially
circular cross-section
along a portion of its
length;

The above-identified Impella blood pumps include a cannula extending from a shroud as

claimed.

Impella 2.5

O Er Catheter
S F Diameter

= Flow rate up
2 b L to 2.5 L/min

12 Fr pump motor

Impella 5.0

5 ()| Flow rate up
s to 5.0 L/min

Blood Inlet
Area

Outlet Area
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F.R.E. 403

Claims

Infringement Analysis

Impella CP

O Catheter
Diameter

14 Fr Compatible with
Abiomed’s 14 Fr sheath

14 Fr pump motor

Impella RP

1 Catheter
11F Diameter

Greater than
>4 L 4L/minute

SO

Outlet Area

22F Pump Motor

—Ii Unique 3D
Inlet Area Cannula Design

Jan 2015, Received FDA HDE Approval

See also Impella 2.5 Manual, p. 3.4; Impella 5.0 Manual, p. 3.3; Impella CP Manual, p. 3.4;

Impella RP Manual, p. 3.3.
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F.R.E. 403

Claims

Infringement Analysis

(1d) a first lumen in fluid
communication with the
intravascular blood
pump and operatively
arranged to deliver purge
fluid to the intravascular
blood pump; and

The above-identified Impella blood pumps include a lumen containing a pump purge fluid.

Impella 2.5
Catheter shaft

Impella 2.5 Manual, p. 3.4; see also Impella 5.0 Manual (stating the same), p. 3.3; Impella
CP Manual, p. 3.4 (stating the same); Impella RP Manual, p. 3.3 (stating the same).

A 9 Fr catheter shaft is located between the motor housing and the red
Impella® plug. The lumen of the catheter shaft contains a purge lumen,
a pressure measurement lumen, a nitinol wire, and an electrical cable.

The catheter shaft has longitudinal and transversal marks:

e The longitudinal mark along the inner radius shows correct position
of the 0.018 inch, 260 cm placement guidewire once backloaded on
the Impella® Catheter.

e The transversal marks at 1 cm intervals with numbers every 5 cm
aid in proper positioning.

(le) a guide mechanism
configured as a second
lumen having a proximal
end and a distal end, the
guide mechanism
adapted to guide a distal
portion of said
intravascular blood
pump system to a
predetermined location

The above-identified Impella blood pumps utilize a guide mechanism.

Impella 2.5:
Pigtail

EasyGuide lumen

The 6 Fr pigtail is attached to the cannula at the distal end of the inlet
area. It assists with stabilizing the catheter in the correct position in
the left ventricle.

The red loading lumen, which runs from the tip of the pigtail through
the outlet area of the cannula, facilitates loading the catheter onto the

Appendix B — 728 Patent

Maquet, Ex. 2001-15
IPR2017-02151



F.R.E. 403

Claims

Infringement Analysis

within the circulatory
system of a patient;

Impella 2.5 Manual, p. 3.4; see also Impella 5.0 Manual, p. 3.3 (containing the same
disclosure); Impella CP Manual, p. 3.4 (containing the same), Impella RP Manual, p. 3.3

(containing the same).

(1f) wherein an axis
coaxial with and
extending through a
portion of said guide
mechanism extends
through a region
delimited by the outer
cannula surface, and
wherein the guide
mechanism is configured
to allow for a guide wire
to slideably advance
therealong.

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

() F' Catheter
= Diameter

z Flow rate up
‘2 b L to 2.5 L/min

Blood Inlet

12 Fr pump motor
Area

> Outlet Area
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F.R.E. 403

Claims

Infringement Analysis

Impella 5.0

QFr Catheter

4 Diameter

5 ()| Flow rate up
< to 5.0 L/min

Impella CP

O Catheter
Diameter

|AFr Sompatible wi

/

14 Fr pump motor

Blood Inl

ith
Abiomed’s 14 Fr sheath /

let
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Claims

Infringement Analysis

Impella RP

1 Catheter
- l )F Diameter

\\4 [ Greater than
- 4L/minute l

Inlet Area Cannula Design

Jan 2015, Received FDA HDE Approval

See also, Impella 2.5 Manual, p. 513; Impella 5.0 Manual, pp. 5.14-5.15; Impella CP
Manual, p. 5.13; Impella RP Manual, pp. 5.10-5.11.

10. An intravascular
blood pump system
comprising:

The Impella 2.5 and Impella CP are intravascular blood pumps.

(10a) an intravascular
blood pump comprising
a rotor having a rotor
hub tapering in the distal
direction, at least one
blade extending radially
outward from the rotor
hub,

The above-identified Impella blood pumps have a rotor that meets these limitations.

F.R.E. 403
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F.R.E. 403

Claims

Infringement Analysis

Impella 2.5
Distal Direction

Impella CP.

9Fr Catheter
-‘ Diameter

‘ 4 FI' Compatible with
Abiomed’s 14 Fr sheath

e _17
Outiet Area

Rotor Blade

2=

Rotor Hub

Blood Inlet
Area

10
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F.R.E. 403

Claims

Infringement Analysis

(10b) the intravascular
blood pump coupled to a
catheter on a proximal
end and a cannula on a
distal end;

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

9 Fr Catheter
- Diameter

S = Flow rate up
25L w2s L/min

Blood Inlet

12Fr pump motor
Area

Impella CP.

)} :r Catheter
Diameter

‘ 4 FI” Compatible with
Abiomed’s 14 Fr sheath

7

14 Fr pump motor Blood Inlet
ﬁ— Area
: 1
Outiet Area

11
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F.R.E. 403

Claims

Infringement Analysis

(10c) a first set and a
second set of apertures
establishing fluid
communication between
an interior of the cannula
and an exterior region of
the cannula, wherein the
first set of apertures is
located in proximity to
the rotor and the second
set of apertures is spaced
apart from and located
distal to the first set of
apertures towards a distal
region of the cannula;

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

O FEr Catheter
= f— Diameter

= Flow rate up
2 bL to 2.5 L/min

Blood Inlet
Area

N

Outlet Area

12Fr pump motor

- L

Impella CP.

Catheter
Diameter

| 4 Fr Compatible with
Abiomed’s 14 Fr sheath

w

14 Fr pump motor Blood Inlet

—17 Area

Outiet Area

12
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Claims

Infringement Analysis

(10d) a guide mechanism
configured as an
elongate lumen and
adapted to guide said
intravascular blood
pump, cannula, and
catheter to a
predetermined location
within the circulatory
system of a patient; and

The above-identified Impella blood pumps utilize a guide mechanism.

Impella 2.5:
Pigtail The 6 Fr pigtail is attached to the cannula at the distal end of the inlet

area. It assists with stabilizing the catheter in the correct position in

the left ventricle.

The red loading lumen, which runs from the tip of the pigtail through
the outlet area of the cannula, facilitates loading the catheter onto the

guidewire

EasyGuide lumen

Impella 2.5 Manual, p. 3.4; see also Impella CP Manual, p. 3.4 (containing the same).

(10e) a blood pressure
detection mechanism
comprising a fluid
column configured to
detect the pressure of the
blood proximate the
intravascular blood

pump;

The Impella 2.5 and CP pumps include a blood pressure detection mechanism.

Impella 2.5:
“A 9 Fr catheter shaft is located between the motor housing and the red Impella® plug. The

lumen of the catheter shaft contains a purge lumen, a pressure measurement lumen...and
an electrical cable.” Impella 2.5 Manual, p. 3.5.

Impella CP:
“The Impella® Catheter uses a fluid-filled pressure lumen with an inlet at the proximal end

of the motor housing and the pressure sensor located in the red Impella® plug.” Impella CP
Manual, p. 3.5.

(10f) wherein the
elongate lumen is sized
substantially smaller
than an inner diameter of

The above-identified Impella blood pumps meet this limitation.

13
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Claims

Infringement Analysis

the cannula and
intravascular blood
pump; and

Impella 2.5
Pigtail The 6 Fr pigtail is attached to the cannula at the distal end of the inlet
area. It assists with stabilizing the catheter in the correct position in
the left ventricle.
Cannula The cannula (12 Fr for the Impella® 2.5) has a spiral-shaped reinforced

body that is shaped in a 145-degree angle. The cannula is made of
nitinol and covered in polyurethane.
Impella 2.5 Manual, p. 3.4; see also Impella CP Manual, p. 3.4 (stating the same).

(10g) a guide wire
arranged to be advanced
along the lumen, wherein
the lumen is arranged
coaxially with at least
one of a distal end or a
proximal end of the
cannula, and the cannula
and the lumen are
arranged in series
longitudinally.

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

e Catheter
9 Ff Diameter

Flow rate up
to 2.5 L/min

21518

Blood Inlet
Area

1

Outlet Area

12 Fr pump motor

L

14
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F.R.E. 403

Claims

Infringement Analysis

Impella CP

Catheter
Diameter

‘ 4 FIV Compatible with
Abiomed’s 14 Fr sheath

/ ’
14 Fr pump motor Blood Inlet

—L— Area

See also, Impella 2.5 Manual, p.5.13; Impella CP Manual, p. 5.13.
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APPENDIX C

Claim Chart — U.S. Patent App. No. 14/543,815
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Appendix C
U.S. Patent Application No. 14/543,815

F.R.E. 403

Claims

Infringement Analysis

1. [24] A method for
perfusing a patient with
an intravascular blood
pump system, the
intravascular blood
pump system
comprising

The Impella 2.5, Impella 5.0, Impella CP, and Impella RP are intravascular blood pumps.

[1a] (i) an intravascular
blood pump comprising
a rotor having a rotor
hub tapering in the distal
direction, at least one
blade

extending radially
outward from the rotor
hub, the hub having a
distal end extending
distally beyond the most

The above-identified Impella blood pumps have a rotor that meets these limitations.

Impella 2.5/5.0/RP

Distal Direction

Rotor Blade

distal portion of the
blade and a shroud
within which the rotor is Shroud Rotor Hub
rotatably
disposed;
1

Appendix C - ’815 App.
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F.R.E. 403

Claims

Infringement Analysis

Impella CP

Q Er Catheter
Diameter

| 4 Flv Compatible with
Abiomed’s 14 Fr sheath

S

14 Fr pump motor

Outiet Area

Blood Inlet
Area

[1b] (i1) a cannula
extending from the
shroud and comprising
an outer cannula surface,
the outer cannula
surface having a
substantially circular
cross-section along a
portion of its length;

The above-identified Impella blood pumps include a cannula extending from a shroud as

claimed.
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F.R.E. 403

Claims

Infringement Analysis

Impella 2.5

r Catheter
9 F Diameter

= Flow rate up
2 b L to 2.5 L/min

Blood Inlet
Area

1

Outlet Area

See also Impella 2.5 Manual, p. 3.4

12 Fr pump motor

L

Impella 5.0
QOFr Catheter
— Diameter
| ﬂl Flow rate up
g to 5.0 L/min e
Blood Inlet
21Fr pump motor Area

P

/ Outiet Area

See also Impella 5.0 Manual, p. 3.3.
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F.R.E. 403

Claims

Infringement Analysis

Impella CP

|Cr  Catheter
Diameter

| 4Fr Compatible with
Abiomed’s 14 Fr sheath
14 Fr pump motor

—_—

Outlet Area

See also Impella CP Manual, p. 3.4.

Impella RP

1 Catheter
— 1 k Diameter

~
Greater than
>/1 L 4L/minute }
a

—[— Unique 3D

Inlet Area Cannula Design

Jan 2015, Received FDA HDE Approval

See also Impella RP Manual, p. 3.3.
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F.R.E. 403

Claims

Infringement Analysis

[1c] (iii) a first lumen in
fluid communication
with the intravascular
blood pump and
operatively arranged to
deliver purge fluid to the
intravascular blood
pump; and

The above-identified Impella blood pumps include a lumen containing a pump purge fluid.

Impella 2.5
Catheter shaft

Impella 2.5 Manual, p. 3.4; see also Impella 5.0 Manual (stating the same), p. 3.3; Impella CP
Manual, p. 3.4 (stating the same); Impella RP Manual, p. 3.3 (stating the same).

A 9 Fr catheter shaft is located between the motor housing and the red
Impella® plug. The lumen of the catheter shaft contains a purge lumen,
a pressure measurement lumen, a nitinol wire, and an electrical cable.

The catheter shaft has longitudinal and transversal marks:

e The longitudinal mark along the inner radius shows correct position
of the 0.018 inch, 260 cm placement guidewire once backloaded on
the Impella® Catheter.

e The transversal marks at 1 cm intervals with numbers every 5 cm
aid in proper positioning.

[1d] (iv) a guide
mechanism configured
as a second lumen
having a proximal end
and a distal end, the
guide mechanism
adapted to guide a distal
portion of said
intravascular blood
pump system to a
predetermined location

The above-identified Impella blood pumps meet this limitation.
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F.R.E. 403

Claims

Infringement Analysis

within the circulatory Impella 2.5
system of a patient,
wherein an axis coaxial QFr  Catheter

with and extending
through a portion of said
guide mechanism
extends through a region
delimited by the outer
cannula surface, and
wherein the guide
mechanism is
configured to allow for a
guide wire to slideably
advance therealong,

Diameter

= = Flow rate up
2 . b I— to 2.5 L/min

12 Fr pump motor Blood Inlet

L
B I

Outlet Area

Pigtail The 6 Fr pigtail is attached to the cannula at the distal end of the inlet
area. It assists with stabilizing the catheter in the correct position in

the left ventricle.
EasyGuide lumen

guidewire
Impella 2.5 Manual, p. 3.4.

The red loading lumen, which runs from the tip of the pigtail through
the outlet area of the cannula, facilitates loading the catheter onto the

Appendix C - ’815 App.
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Claims

Infringement Analysis

Impella 5.0

QFr Catheter
~ Diameter
5 ()| Flow rate up
g to 5.0 L/min Vi
Blood Inlet
21Fr pump motor Area

A

/ Outlet Area

See also Impella 5.0 Manual, p. 3.3.

Catheter
Diameter

Impella CP

1 /] F’ Compatible with
= Abiomed’s 14 Fr sheath

& (i

14 Fr pump motor

Outiet Area

See also Impella CP Manual, p. 3.4.
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F.R.E. 403

Claims

Infringement Analysis

Impella RP

1 ~ Catheter
11F Diameter

Greater than
>4 4L/minute

. D

Outlet Area

22F Pump Motor

Ji Unique 3D
Inlet Area Cannula Design

Jan 2015, Received FDA HDE Approval

See also Impella RP Manual, p. 3.3.

[1e] the method
comprising the steps of:

As discussed below, the Impella blood pumps include the additional claimed method steps.

[1f] progressing a guide
wire to a predetermined
location in the
circulatory system of the
patient; and

The above-identified Impella pumps meet this limitation.
Impella 2.5

5. Insert a diagnostic catheter (Ablomed recommends a 6 Fr AL1 or Multipurpose without
side holes or 4-5 Fr pigtail with or without side holes) over a 0.035 inch diagnostic
guidewire into the introducer and advance it into the left ventricle.

Appendix C - ’815 App.
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F.R.E. 403

Claims Infringement Analysis

6. Remove the 0.035 inch diagnostic quidewire, leaving the diagnostic catheter in the
ventricle. Form a curve or bend on the end of the 0.018 inch, 260 an placement
guidewire, following the Instructions and heeding the precautions described in the
sidebar box.

7. Advance the placement guidewire into the apex of the left ventricle.

Impella 2.5 Manual, p. 5.13; see also Impella 5.0 Manual, pp. 5.14-5.15 (stating the same);
Impella CP Manual, p. 5.13 (stating the same); Impella RP Manual, pp. 5.10-5.11.

[1g] advancing the The above-identified Impella pumps meet this limitation.
blood pump system
along the guide wire to | Impella 2.5
the predetermined
location. 11. Advance the catheter through the hemostatic valve into the femoral artery

(see Figure 5.18) and along the placement guidewire and across the aortic valve using
a fixed-wire technique. Follow the catheter under fluoroscopy as it Is advanced across
the aortic valve, positioning the inlet area of the catheter 3.5 cm below the aortic
valve annulus and in the middle of the ventricular chamber, free from the mitral valve
chordae. Be careful not to coil the quidewire in the left ventricle.

Impella 2.5 Manual, p. 5.13; see also Impella 5.0 Manual, pp. 5.15-5.16 (stating the same);
Impella CP Manual, p. 5.13 (stating the same); Impella RP Manual, p. 5.11.

10. [25] A method for The Impella 2.5 and Impella CP are intravascular blood pumps.
perfusing a patent with
an intravascular blood
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Claims

Infringement Analysis

pump system, the
intravascular blood
pump system
comprising

[10a] (i) an intravascular
blood pump comprising
a rotor having a rotor
hub tapering in the distal
direction and at least one
blade

extending radially
outward from the rotor
hub,

The above-identified Impella blood pumps have a rotor that meets these limitations.

Impella 2.5
Distal Direction Rotor Blade

2=

Rotor Hub

10
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Impella CP.

Catheter
Diameter

/1 FI Compatible with
4 Abiomed’s 14 Fr sheath

7

14 Fr pump motor Blood Inlet

ﬁ— Area

Outiet Area

[10b] the intravascular
blood pump coupled to a
catheter on a proximal
end and a cannula on a
distal end;

The above-identified Impella blood pumps meet this limitation.

11
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Impella 2.5

~r Catheter
9 [—" Diameter

Flow rate up

2 b I— to 2.5 L/min

12 Fr pump motor Blood Inlet

L
1

Outlet Area

See also Impella 2.5 Manual, p. 3.4.

Impella CP

O Catheter
Diameter

|AFr Compatible with
Abiomed'’s 14 Fr sheath

See also Impella CP Manual, p. 3.4.

12
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Infringement Analysis

[10c] (i1) a first set and a
second set of apertures
establishing fluid
communication between
an interior of the
cannula and an exterior
region of the cannula,
wherein the first set of
apertures is located in
proximity to the rotor
and the second set of
apertures is spaced apart
from and located distal
to the first set of
apertures towards a
distal region of the
cannula;

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

Q Catheter
J F' Diameter

= Flow rate up
-2 b I— to 2.5 L/min

12 Fr pump motor Blood Inlet

) / Outlet Area

Impella CP

~  Catheter
Diameter

1 /] F’ Compatible with
L5 Abiomed’s 14 Fr sheath

& (s

13
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Claims

Infringement Analysis

[10d] (iii) a guide
mechanism configured
as an elongate lumen
and adapted to guide
said intravascular blood
pump, cannula, and
catheter to a
predetermined location
within the circulatory
system of a patient; and

The above-identified Impella blood pumps utilize a guide mechanism.

Impella 2.5:
Pigtail The 6 Fr pigtail is attached to the cannula at the distal end of the inlet

area. |t assists with stabilizing the catheter in the correct position in

the left ventricle.

The red loading lumen, which runs from the tip of the pigtail through
the outlet area of the cannula, facilitates loading the catheter onto the

guidewire

EasyGuide lumen

Impella 2.5 Manual, p. 3.4; see also Impella 5.0 Manual, p. 3.3 (containing the same
disclosure); Impella CP Manual, p. 3.4 (containing the same), Impella RP Manual, p. 3.3
(containing the same).

[10e] (iv) a blood
pressure detection
mechanism comprising a
fluid column configured
to detect the pressure of
the blood proximate

the intravascular blood

pump;

The above-identified Impella blood pumps include a blood pressure detection mechanism.

Impella 2.5:
“A 9 Fr catheter shaft is located between the motor housing and the red Impella® plug. The

lumen of the catheter shaft contains a purge lumen, a pressure measurement lumen...and an
electrical cable.” Impella 2.5 Manual, p. 3.5.

Impella CP:
“The Impella® Catheter uses a fluid-filled pressure lumen with an inlet at the proximal end of

the motor housing and the pressure sensor located in the red Impella® plug.” Impella CP
Manual, p. 3.5.

[10f] wherein the
elongated lumen (a) is

The above-identified Impella blood pumps meet this limitation.

14
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Claims

Infringement Analysis

sized substantially
smaller than an inner
diameter of the cannula
and intravascular blood

pump;

Impella 2.5

Pigtail

Cannula

Impella 2.5 Manual, p. 3.4; see also Impella CP Manual, p. 3.4 (stating the same).

The 6 Fr pigtail is attached to the cannula at the distal end of the inlet
area. It assists with stabilizing the catheter in the correct position in
the left ventricle.

The cannula (12 Fr for the Impella® 2.5) has a spiral-shaped reinforced
body that is shaped in a 145-degree angle. The cannula is made of
nitinol and covered in polyurethane.

[10g] (b) is arranged
coaxially with at

least one of a distal end
or a proximal end of the
cannula, and (c) is
arranged in series
longitudinally with the
cannula,

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

- Catheter
9 [_( Diameter

= 5 Flow rate up
2 b I— to 2.5 L/min

12 Fr pump motor

L

Blood Inlet

1

Outlet Area
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Impella CP

Catheter
Diameter

Compatible with
Abiomed’s 14 Fr sheath

Blood Inlet

—1— Area

See also, Impella 2.5 Manual, p.5.13; Impella CP Manual, p. 5.13.

[10h] the method
comprising:

As discussed below, the Impella blood pumps include the additional claimed method steps.

[101] advancing a guide
wire to a predetermined
location in the
circulatory system of the
patient; and

The above-identified Impella pumps meet this limitation.

Impella 2.5
5. Insert a diagnostic catheter (Ablomed recommends a 6 Fr AL1 or Multipurpose without

side holes or 4-5 Fr pigtall with or without side holes) over a 0.035 inch diagnostic
guidewire into the introducer and advance it into the left ventricle.

16
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Claims

Infringement Analysis

6. Remove the 0.035 inch diagnostic quidewire, leaving the diagnostic catheter in the
ventricle. Form a curve or bend on the end of the 0.018 inch, 260 am placement
guidewire, following the instructions and heeding the precautions described in the

sidebar box.

7. Advance the placement guidewire into the apex of the left ventricle.
Impella 2.5 Manual, p. 5.13; see also Impella CP Manual, p. 5.13 (stating the same).

[10] advancing the
blood pump system
along the guide wire to
the predetermined
location.

The above-identified Impella pumps meet this limitation.

Impella 2.5

11. Advance the catheter through the hemostatic valve into the femoral artery
(see Figure 5.18) and along the placement guidewire and across the aortic valve using
3 fixed-wire technique. Follow the catheter under fluoroscopy as it Is advanced across
the aortic valve, positioning the inlet area of the catheter 3.5 cm below the aortic
valve annulus and in the middle of the ventricular chamber, free from the mitral valve
chordae. Be careful not to coil the quidewire in the left ventricle.

Impella 2.5 Manual, p. 5.13; see also Impella CP Manual, p. 5.13 (stating the same).

20. [26] A method for
perfusing a patient with
an intravascular blood
pump system, the
intravascular blood
pump system is
configured to be

The Impella 2.5, Impella 5.0 and Impella CP, are intravascular blood pumps.

17
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advanced to a
predetermined location
in a patient's circulatory
system and comprises

(1) an intravascular
blood pump, the
intravascular blood
pump comprising a rotor
having a generally
conical rotor hub
tapering in the distal
direction, at least two
blades extending
radially from the rotor
hub, the generally
conical rotor hub having
a distal tip extending
distally beyond the
blades;

The above-identified Impella blood pumps have a rotor that meets these limitations.

Impella 2.5/5.0/RP
Distal Direction

Shroud

Rotor Blade

Rotor Hub

18
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Impella CP.

o :r Catheter
Diameter

‘ 4 Hv Compatible with
Abiomed’s 14 Fr sheath

14 Fr pump motor

/

Blood Inlet

ﬁ— Area
Outiet Area

(i1) a cannula extending
distally from the
intravascular blood

pump;

The above-identified Impella blood pumps meet this limitation.
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Impella 2.5
SEN Diameter
2518 B2 mn

12 Fr pump motor Blood Inlet

L
1

Outlet Area

Impella 5.0

OFr

5.0L

Catheter
Diameter

Flow rate up
to 5.0 L/min ”

20
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Impella CP

|Cr  Catheter

Diameter

|4Fr Compatible with
Abiomed’s 14 Fr sheath

Impella RP

1 Catheter
11F Diameter

Greater than
>4 L 4L/minute

SO

Outlet Area

22F Pump Motor

—Ii Unique 3D
Inlet Area Cannula Design

Jan 2015, Received FDA HDE Approval

See also Impella 2.5 Manual, p. 3.4; Impella 5.0 Manual, p. 3.3; Impella CP Manual, p. 3.4;

Impella RP Manual, p. 3.3.
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(i11) a plurality of ingress
ports located towards
the distal region of the
cannula and a plurality
of egress ports located in
proximity to the blood
pump such that
movement of fluid
proximally through an
interior region of the
cannula is steered
towards the egress ports;

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

Q Catheter
J F' Diameter

= Flow rate up
-2 b I— to 2.5 L/min

12 Fr pump motor Blood Inlet

. / Outlet Area

See also Impella 2.5 Manual, p. 3.4; Impella 5.0 Manual, p. 3.3; Impella CP Manual, p. 3.4.

(iv) a guide wire having
a cross-section
substantially smaller
than the cannula; and

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

Pigtail The 6 Fr pigtail is attached to the cannula at the distal end of the inlet
area. It assists with stabilizing the catheter in the correct position in
the left ventricle.
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Cannula The cannula (12 Fr for the Impella® 2.5) has a spiral-shaped reinforced
body that is shaped in a 145-degree angle. The cannula is made of

nitinol and covered in polyurethane.

Impella 2.5 Manual, p. 3.4; see also Impella 5.0 Manual, p.3.3; (stating the same); Impella CP

Manual, p. 3.4 (stating the same).

(v) an elongated lumen,
the elongated lumen (a)
having

a luminal interior sized
smaller than an inside
diameter of the cannula
and sufficiently large
enough to accommodate
the guide wire when the
guide wire is advanced
therealong, (b) arranged
coaxially with respect to
at least one of a distal
end or a proximal end of
the cannula, and (c)
arranged in series
longitudinally with the
cannula,

The above-identified Impella blood pumps meet this limitation.

Impella 2.5

Catheter
Diameter

9Fr

= R Flow rate up
25 L to 2.5 L/min

12Fr pump motor Blood Inlet

L
1

- Outlet Area

Pigtail The 6 Fr pigtail is attached to the cannula at the distal end of the inlet
area. It assists with stabilizing the catheter in the correct position in
the left ventricle.
The red loading lumen, which runs from the tip of the pigtail through
the outlet area of the cannula, facilitates loading the catheter onto the

guidewire
Impella 2.5 Manual, p. 3.4.

EasyGuide lumen
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Impella 5.0

QFr Catheter
~ Diameter
5 ()| Flow rate up
g to 5.0 L/min Vi
Blood Inlet
21Fr pump motor Area

bl

/ Outlet Area

See also Impella 5.0 Manual, p. 3.3.

Impella CP

|Cr  Catheter
Diameter

|4Fr Compatible with
Abiomed’s 14 Fr sheath

14 Fr pump motor

Outlet Area

See also Impella CP Manual, p. 3.4.
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the method comprising:

As discussed below, the Impella blood pumps include the additional claimed method steps.

advancing the guide
wire to a predetermined
location in the
circulatory system of the
patient; and

The above-identified Impella pumps meet this limitation.

Impella 2.5

5. Insert a diagnostic catheter (Abiomed recommends a 6 Fr AL1 or Multipurpose without
side holes or 4-5 Fr pigtall with or without side holes) over a 0.035 inch diagnostic
guidewire into the introducer and advance it into the left ventricle.

6. Remove the 0.035 inch diagnostic quidewire, leaving the diagnostic catheter in the
ventricle. Form a curve or bend on the end of the 0.018 inch, 260 an placement
guidewire, following the instructions and heeding the precautions described in the

sidebar box.

7. Advance the placement guidewire into the apex of the left ventricle.

Impella 2.5 Manual, p. 5.13; see also Impella 5.0 Manual, pp. 5.14-5.15 (stating the same);
Impella CP Manual, p. 5.13 (stating the same).

advancing the blood
pump along the guide
wire to the
predetermined location.

The above-identified Impella pumps meet this limitation.

25

Appendix C - ’815 App.
Maquet, Ex. 2001-50
IPR2017-02151



F.R.E. 403

Claims
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Impella 2.5
11. Advance the catheter through the hemostatic valve into the femoral artery
(see Figure 5.18) and along the placement guidewire and across the aortic valve using
a fixed-wire technique. Follow the catheter under fluoroscopy as it Is advanced across
the aortic valve, positioning the inlet area of the catheter 3.5 cm below the aortic
valve annulus and in the middle of the ventricular chamber, free from the mitral valve
chordae. Be careful not to coll the quidewire in the left ventricle.

Impella 2.5 Manual, p. 5.13; see also Impella 5.0 Manual, pp. 5.15-5.16 (stating the same);
Impella CP Manual, p. 5.13 (stating the same).

26
Appendix C - ’815 App.

Magquet, Ex. 2001-51
IPR2017-02151



COMPLAINT

Maquet, Ex. 2001-52
IPR2017-02151



IN THE UNITED STATESDISTRICT COURT

MAQUET Cardiovascular LLC

Plaintiff,
CIVIL ACTION NO.

VS.
JURY DEMAND
Abiomed Inc., Abiomed R&D, Inc.,
Abiomed Europe GmbH

Defendants.

COMPLAINT

Plaintiff MAQUET Cardiovascular LLC, by and through counsel, files this Complaint
against Defendants Abiomed, Inc., Abiomed R&D, Inc., and Abiomed Europe GmbH
(collectively “Defendants’ or “Abiomed”), and alleges on personal knowledge as to its actions,
and upon information and belief asto the actions of others, as follows:

THE PARTIES

1. Plaintiff MAQUET Cardiovascular LLC (“Maquet”), isalimited liability
company formed and existing under the laws of Delaware having its principal place of business
in Mahwah, New Jersey. Maquet is aleader in the development of medical devices. Maquet is
the owner by assignment of patents and patent applications, including those that are identified
below, that relate to innovative intravascular blood pumps. The patented technology concerns
medical devicesthat can be introduced into a patient’ s vascular system. These devices can be
used to supplement and even fully support the circulation of blood in a patient.

2. Defendant Abiomed, Inc. is a Delaware corporation having its principal place of

business at 22 Cherry Hill Dr., Danvers, MA 01923-2599. Defendant Abiomed R&D, Inc. isa
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Delaware Corporation having its principal placéo$iness at 22 Cherry Hill Dr., Danvers, MA
01923-2599. Abiomed Europe GmbH is a German Cognpawing its principal place of
business at Neuenhofer Weg 3, Aachen, Nordrheindfdles 52074, Germany. Abiomed, Inc.,
Abiomed R&D, Inc., and Abiomed Europe GmbH are @aghin the business of manufacturing
and distributing intravascular blood pumps.

JURISDICTION AND VENUE

3. This action arises under the Patent Act, Title Bthe United States Code, and is
an action for patent infringement under 8 271.

4, This Court has jurisdiction over the subject mattiethis action pursuant to
28 U.S.C. §8 1331 and 1338(a).

5. This Court has personal jurisdiction over the Ddéents under this State’s long-
arm statute and consistent with the underlyingghoeess principles of the U.S. Constitution.
Upon information and belief, Defendants are doiangitess in this State and District, have
significant contacts in this State and Districtydaffered for sale and sold infringing products in
this State and District, and have committed acthigiState and District that are the subject of
the counts set forth herein.

6. Venue is proper in this Court pursuant to 28 U.8&1391(b) and (c) and
1400(b).

CLAIM | — INFRINGEMENT OF U.S. PAT. NO. 7,022,100

7. The allegations contained in Paragraphs 1 througibho&e are incorporated
herein by reference.

8. On April 4, 2006, the United States Patent Offiaéycnd lawfully issued United

States Patent No. 7,022,100 entitled “Guidableal@scular Blood Pump and Related Methods”
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(“the '100 Patent”). Maquet is the lawful owneraifright, title, and interest in and to the 100
Patent, including the right to sue and recovepst infringement thereof. A true and correct
copy of the 100 Patent is attached hereto as ExAib

9. Defendants have directly infringed, and continuditectly infringe, the claims of
the 100 Patent, including at least claim 16, iolation of 35 U.S.C. 8§ 271(a). During the term
of the 100 Patent, Defendants have made, usesheaffto sell, sold, and/or imported into the
United States intravascular blood pumps includinigast the Impella 2.5, the Impella 5.0, the
Impella CP, and the Impella RP, and continue tsa@all without authority from the patent
holder. These products include: an intravasdut@wrd pump having a cannula coupled thereto;
a guide mechanism adapted to guide said intravarsbldod pump and cannula to a
predetermined location within the circulatory systef a patient; and a blood pressure detection
mechanism to detect the pressure of blood proxi@ialeast one of the intravascular blood pump
and cannula.

10. Defendants have knowledge of the '100 Patent at l®avirtue of this complaint.
Furthermore, on information and belief, Defenddrage had knowledge of the '100 Patent
before the filing of this suit, as evidenced astday the identification of the 100 patent in
Abiomed, Inc.’s International Patent Application NRCT/US2011/062851 on February 20,
2012. Abomed, Inc.’s employees Zhenghong Tao,Hatejyaughan, and Marie-Eve Mongeau
are named inventors on this application. Abioned, also disclosed the '100 Patent in a March
11, 2014 Information Disclosure Statement by Amplicsubmitted during the prosecution of
U.S. Patent Application No. 13/552,366, assignedllimmed, Inc., which names the following

Abiomed, Inc. employees as inventors: Caitlyn Hagtrank Kirchhoff, and Thorsten Siess.
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11. Despite this knowledge, Defendants’ infringemers baen and continues to be
willful and deliberate because Defendants knowgrerwillfully and deliberately ignoring an
objectively high risk, that each of their actiomsstituted infringement of the '100 Patent.

12. Defendants have also indirectly infringed, and s to indirectly infringe, the
claims of the '100 Patent, including at least cldiéj in violation of 35 U.S.C. § 271(b) and (c).
During the term of the '100 Patent, Defendantsteoers have infringed the patent by at least
using, offering for sale or selling in the Unitetat®s intravascular blood pumps including at
least the Impella 2.5, the Impella 5.0, the Imp€IR, and the Impella RP, and continue to do so,
all without authority from the patent holder. Upaformation and belief, Defendants know
their customers’ conduct infringes the claims @& 100 Patent, and/or Defendants are willfully
and deliberately ignoring an objectively high riblt their customers’ conduct infringes the
claims of the 100 Patent.

13. Despite their knowledge, Defendants have encouragddo aid and abet, and
continue to encourage and aid and abet, their mes®to infringe the claims of the '100 Patent.
14.  Despite their knowledge, Defendants have sold antiraie to sell to their
customers Defendants’ intravascular blood pumplsidieg the Impella 2.5, the Impella 5.0, the
Impella CP, and the Impella RP. These Impella élpomps are a material part of the invention
claimed in the '100 Patent, and the Impella bloathps are not a stable article or commodity of

commerce suitable for substantial noninfringingsuse
CLAIM Il — INFRINGEMENT OF U.S. PAT. NO. 8,888,728
15. The allegations contained in Paragraphs 1 throdgibbve are incorporated

herein by reference.
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16. On Nov. 18, 2014, the United States Patent Offidg dnd lawfully issued
United States Patent No. 8,888,728 entitled “Guelatiravascular Blood Pump and Related
Methods” (“the '728 Patent”). Maquet is the lawawner of all right, title, and interest in and to
the 728 Patent, including the right to sue anavec for past infringement thereof. A true and
correct copy of the '728 Patent is attached heast&xhibit B.

17. Defendants have directly infringed, and continweditectly infringe, the claims
of the '728 Patent, including at least claims 1 &0din violation of 35 U.S.C. § 271(a). During
the term of the '728 Patent, Defendants have masks], offered to sell, sold, and/or imported
into the United States intravascular blood pumphigling at least the Impella 2.5, the Impella
5.0, the Impella CP, and the Impella RP, and coetio do so, all without authority from the
patent holder. These products include: an ingaviar blood pump comprising a rotor having a
rotor hub tapering in the distal direction; at tease blade extending radially outward from the
rotor hub, the hub having a distal end extendirsgatly beyond the most distal portion of the
blade and a shroud within which the rotor is rdibtalisposed; a cannula extending from the
shroud and comprising an outer cannula surfaceyuter cannula surface having a substantially
circular cross-section along a portion of its ldmgt first lumen in fluid communication with the
intravascular blood pump and operatively arrangedeliver purge fluid to the intravascular
blood pump; and a guide mechanism configured &s@nsl lumen having a proximal end and a
distal end, the guide mechanism adapted to gudistal portion of said intravascular blood
pump system to a predetermined location withindiheulatory system of a patient; and wherein
an axis coaxial with and extending through a partibsaid guide mechanism extends through a
region delimited by the outer cannula surface,&hdrein the guide mechanism is configured to

allow for a guide wire to slidably advance therealo
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18. Defendants have knowledge of the 728 Patent at lmavirtue of this complaint.

19. Defendants have also indirectly infringed, and s to indirectly infringe, the
claims of the '728 Patent, including at least clitmand 10, in violation of 35 U.S.C. § 271(b)
and (c). During the term of the '728 Patent, Ddfams’ customers have infringed the patent by
at least using, offering for sale or selling in theited States intravascular blood pumps
including at least the Impella 2.5, the Impella, 3@ Impella CP, and the Impella RP, and
continue to do so, all without authority from thetgnt holder. Upon information and belief,
Defendants know their customers’ conduct infrintiesclaims of the '728 Patent, and/or
Defendants are willfully and deliberately ignoriag objectively high risk that its customers’
conduct infringes the claims of the '728 Patent.

20. Despite their knowledge, Defendants have encourageticontinues to
encourage, its customers to infringe the claimhef728 Patent.

21. Despite their knowledge, Defendants have sold,camtinue to sell to their
customers Abiomed’s intravascular blood pumps whiclg the Impella 2.5, the Impella 5.0, the
Impella CP, and the Impella RP. These Impella #lpomps are a material part of the invention
claimed in the '728 Patent, and the Impella bloathps are not a stable article or commodity of

commerce suitable for substantial noninfringingsuse

RELIEF SOUGHT
Plaintiff Maquet respectfully seeks that the Cayreint the following relief:
A. Enter judgment for Maquet and against Defendants;fangement of the '100

Patent;
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B. Enter judgment for Maquet and against Defendantgttuced infringement of
the 100 Patent;
C. Enter judgment for Maquet and against Defendantsdatributory infringement

of the '100 Patent;

D. Enter judgment that each Defendant’s infringeménie '100 Patent was and is
willful;

E. Enter judgment for Maquet and against Defendantgfangement of the '728
Patent;

F. Enter judgment for Maquet and against Defendantgttuced infringement of

the 728 Patent;

G. Enter judgment for Maquet and against Defendantsdatributory infringement
of the '728 Patent;

H. Preliminarily and permanently enjoin Defendartsejit officers, directors,
principals, agents, sales representatives, senamnigdoyees, successors, assigns, affiliates,
subsidiaries and all those acting in concert otigpation with them, from directly or indirectly
infringing, inducing infringement or contributing the infringement of any claim of the '100
Patent or the '728 Patent;

l. Enter judgment in favor of Maquet and against Deé&ts in an amount that will
adequately compensate it for Defendants’ infringetmieut under no circumstances an amount
less than a reasonable royalty for Defendantsofisee Maquet’s patented inventions;

J. Enter judgment in favor of Maquet and against daefendant for three times the
amount of damages awarded for each Defendantgig&ment of the '100 Patent pursuant to 35

U.S.C. 8 284 because of their willful infringement;
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K. Enter judgment in favor of Maquet and against Deééarts for pre-judgment
interest on all damages awarded;

L. Enter judgment in favor of Maquet and against Dé&ets finding that this case
is “exceptional”’ under 35 U.S.C. § 285, and enteaward to Maquet of its reasonable
attorneys’ fees, expenses, and costs incurreddrattion;

M. Enter judgment in favor of Maquet and against Deéats for Maquet’s costs of
suit; and

N. Enter such other and further relief as the Coust deem just and proper.
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DEMAND FOR JURY TRIAL

Plaintiff Maquet requests a trial by jury.

Respectfully submitted this day of DecemBed>5.

Alston & Bird LLP

Attorneys for Plaintiff MAQUET Cardiovascular
LLC
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GUIDABLE INTRAVASCULAR BLOOD PUMP
AND RELATED METHODS

RELATED APPLICATIONS

This application is a 371 of PCT/US00/24515 filed 1 Sep.
2000, which claims the benefit of provisional U.S. patent
application Ser. No. 60/152,249, filed 3 Sep. 1999.

FIELD OF THE INVENTION

The present invention relates generally to blood pumps
and, more particularly, to an improved intra-vascular blood
pump having a guide mechanism which provides the ability
to selectively guide the intravascular pump to a desired
location within a patient’s circulatory system.

DESCRIPTION OF RELATED ART

Over the years, various types of blood pumps have been
developed for the purpose of augmenting or replacing the
blood pumping action of damaged or diseased hearts. Blood
pumps are commonly used in three situations: (1) for acute
support during cardio-pulmonary operations; (2) for short-
term support while awaiting recovery of the heart from
surgery; or (3) as a bridge to keep a patient alive while
awaiting heart transplantation. The pumps may be designed
to provide right and/or left ventricular assist, although left
ventricle assist is the most common application in that it is
far more common for the left ventricle to become diseased
or damaged than it is for the right ventricle.

Blood pumps must provide leak-free operation and must
avoid contamination of the fluid by the pump components
and the external environment. Such pumps must also pump
the fluid at a suitable rate without applying excessive
Reynolds shear stress to the fluid. It is well known to those
skilled in the art that lysis or cell destruction may result from
application of shear stress to cell membranes. Red blood
cells are particularly susceptible to shear stress damage as
their cell membranes do not include a reinforcing cytoskel-
eton to maintain cell shape. Lysis of white blood cells and
platelets also occurs upon application of high shear stress.
Lysis of red blood cells can result in release of cell contents
which trigger subsequent platelet aggregation. Sublytic
shear stress leads to cellular alterations and direct activation
and aggregation of platelets and white blood cells.

Intravascular blood pumps comprise miniaturized blood
pumps capable of being percutaneously or surgically intro-
duced into the vascular system of a patient, typically to
provide left and/or right heart support. One type of intra-
vascular pump is an axial flow blood pump comprising a
cable-mounted rotor surrounded by a protective shroud. The
pump, along with the rotor and shroud, are mounted at the
end of an elongated flexible catheter. The catheter is inserted
into the aorta from a remote entry point, such as an incision
below the groin that provides access into a femoral artery.
The catheter then passes through the descending aorta until
it reaches the ascending aorta, near the heart. The catheter
device encloses a rotating drive cable which is coupled to the
impeller blade at one end, and which emerges from the
exposed end of the catheter, near the patient’s groin, at the
other end. When the exposed end of the drive cable is
mechanically rotated, using a device located outside the
patient’s body, it conveys the rotational force through the
length of the catheter, causing the impeller to spin at high
speed near the heart. This type of blood pump finds particu-
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lar application in providing ventricular assist during surgery
or providing temporary bridging support to help a patient
survive a crisis.

While generally effective in providing ventricular assist-
ing functions, prior art intravascular blood pumps nonethe-
less suffer various drawbacks. A significant drawback is that
prior art intravascular blood pumps are difficult to guide into
the appropriate position within the circulatory system of a
patient. This is due largely to the fact that the elongated
catheter is incapable of providing the degree of control
necessary to easily negotiate the pump through the tortuous
pathways leading up to and into the heart. When attempting
to place the blood pump in a trans-valvular configuration
(with the inlet in the left ventricle and the pump outlet in the
ascending aorta), the natural tendency of the catheter to stay
straight may cause the pump to be inadvertently placed in
the carotid ostia, which can be dangerous if the pump is
operated to withdraw blood from the brain.

To overcome these difficulties, certain guide mechanisms
may be employed to assist the physician placing the pump
in the appropriate position within the circulatory system.
One type of supplemental guide mechanism is a guide
catheter. Guide catheters are designed with certain guidabil-
ity characteristics such that physicians can selectively posi-
tion them within the vasculature or heart with relative ease.
A central lumen is provided within the guide catheter such
that the intravascular pump may be introduced therein and
guided while it is advanced towards the predetermined
circulatory site. While generally effective at providing a
guiding feature for such intravascular blood pumps, employ-
ing such supplemental guide mechanisms is nonetheless
disadvantageous in that they consume valuable space within
the vessels. A guide catheter, for example, would necessarily
be larger in diameter than the diameter of the pump and
protective shroud in order to provide adequate passage of
those components. As will be appreciated, this restricts the
amount of space available for blood to flow within the
particular vessel, and increases the size of the required
puncture wound for accessing the vessel.

The present invention is directed at eliminating and/or
reducing the effects of the foregoing drawbacks of prior art
intravascular blood pumps.

SUMMARY OF THE INVENTION

The present invention overcomes the drawbacks of the
prior art by providing an improved intravascular blood pump
equipped with integrated features for selectively guiding the
intravascular blood pump to a predetermined location in the
patient’s circulatory system, i.e. heart and/or vasculature. In
so doing, the intravascular blood pump of the present
invention eliminates the need for supplemental guiding
mechanisms, such as a separate, large diameter guide cath-
eter as used in the prior art.

In a first broad aspect of the present invention, an intra-
vascular blood pump system is provided comprising an
intravascular blood pump having a cannula coupled thereto
and an “over-the-wire” type guide mechanism for selec-
tively positioning the intravascular blood pump and cannula
at a predetermined location within the circulatory system of
a patient. To accomplish this, a central lumen is formed
through at least a portion of the intravascular blood pump
system such that a guide element, such as a guide wire, may
be progressed therethrough and advanced to the predeter-
mined location in the circulatory system of the patient. After
the guide element is advanced to this desired location, the
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intravascular blood pump and cannula may thereafter be
advanced along the guide element to the desired location.

In a second broad aspect of the present invention, an
intravascular blood pump system is provided comprising an
intravascular blood pump having a cannula coupled thereto
and a “side-rigger” or “rapid exchange” type guide mecha-
nism for selectively positioning the intravascular blood
pump and cannula at a predetermined location within the
circulatory system of a patient. To accomplish this, a side
lumen is formed along a length of at least one of the
intravascular blood pump and the cannula. A guide element,
such as a guide wire, may be advanced to the predetermined
location in the circulatory system of the patient. After the
guide element is advanced to this desired location, the
intravascular blood pump and cannula may thereafter be
advanced along the guide element to the desired location.

In a third broad aspect of the present invention, an
intravascular blood pump system is provided comprising an
intravascular blood pump having a cannula coupled thereto
and a “guide catheter” type guide mechanism for selectively
positioning the intravascular blood pump and cannula at a
predetermined location within the circulatory system of a
patient. The pump system of this broad aspect includes a
conduit assembly and a separate pump assembly. The con-
duit assembly includes a guide catheter, a rotor shroud, and
a cannula, with the cannula and guide catheter disposed on
either side of the rotor shroud. The pump assembly includes
a rotor, a drive member coupled to the rotor, and a pump
disposed between the rotor and the drive member. The guide
catheter is dimensioned to receive and guide the pump
assembly to the point where the rotor docks within the rotor
shroud so as to form an operational blood pump. This
configuration allows the conduit assembly to be precisely
and efficiently guided into a desired position within the body
through the use of conventional guiding techniques well
known in interventional cardiology. The pump assembly
may thereafter be introduced into and guided within the
conduit until the pump assembly is docked within the rotor
shroud. This dual construction arrangement provides
improved placement of the pump assembly by using the
conduit as a guiding mechanism.

The foregoing broad aspects of the present invention may
be manifested according to the following recitations:

According to a first broad recitation of the present inven-
tion, an intravascular blood pump system is provided com-
prising an intravascular blood pump having a cannula
coupled thereto, and a guide mechanism adapted to guide the
intravascular blood pump and cannula to a predetermined
location within the circulatory system of a patient.

In a further embodiment, the intravascular blood pump
includes a rotor, a shroud for receiving the rotor, and a drive
cable coupled to the rotor for driving the rotor within the
shroud.

In a further embodiment, the cannula is coupled to the
shroud of the intravascular blood pump.

In a further embodiment, the guide mechanism comprises
a guide catheter coupled to the shroud.

In a further embodiment, the guide catheter may be used
to guide the shroud and cannula to the predetermined
location within the circulatory system of the patient, after
which point the rotor and drive cable of the intravascular
blood pump may be docked within the shroud for pump
operation.

In a further embodiment, the drive cable sheath is pro-
vided having a central lumen for receiving the drive cable,
and wherein a purge fluid delivery system is coupled to the
drive cable sheath to deliver purge fluid to the rotor.
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In a further embodiment, the drive cable sheath includes
at least one side lumen for delivering the purge fluid towards
the rotor.

In a further embodiment, a portion of the purge fluid is
delivered through the at least one side lumen and past the
rotor, and a portion of purge fluid is rerouted back from the
rotor through the central lumen of the drive cable.

In a further embodiment, a perfusion assembly is pro-
vided communicatively coupled to the guide catheter for
selectively rerouting blood from within the guide catheter to
a point downstream from the introduction site of the guide
catheter into the vasculature of the patient.

In a further embodiment, the perfusion assembly includes
a first conduit communicatively coupled to the guide cath-
eter, a second conduit dimensioned to be introduced into the
vasculature of the patient, and a selectively operable valve
disposed in between the first conduit and the second conduit.

In a further embodiment, a blood pressure detection
mechanism is provided to detect the pressure of the blood
proximate at least one of the intravascular blood pump and
cannula.

In a further embodiment, the blood pressure detection
mechanism comprises at least one of fluid filled column
disposed within at least a portion of the cannula, a piezo-
electric element coupled to at least one of the intravascular
blood pump and cannula, and a strain gauge coupled to at
least one of the intravascular blood pump and cannula.

In a further embodiment, the blood pressure detection
mechanism involves calculating blood pressure based on the
relationship between the torque and motor current of a motor
used to drive the rotor.

In a further embodiment, the guide mechanism comprises
a guide element disposed at least partially within the can-
nula.

In a further embodiment, the guide element comprises a
guide wire for passage through a side lumen formed in the
cannula.

In a further embodiment, the guide element comprises a
selectively deformable element disposed at least partially
within the cannula.

In a further embodiment, the intravascular blood pump
and cannula may be selectively advanced to the predeter-
mined location within the vasculature of the patient by first
passing the guide wire to the predetermined location and
thereafter sliding the intravascular blood pump and cannula
along the guide wire to the predetermined location.

In a further embodiment, the guide element comprises a
guide wire for passage through a lumen extending through
the drive cable and rotor.

In a further embodiment, the intravascular blood pump
and cannula may be selectively advanced to the predeter-
mined location within the vasculature of the patient by first
passing the guide wire to the predetermined location and
thereafter sliding the intravascular blood pump and cannula
along the guide wire to the predetermine location.

In a further embodiment, the guide mechanism further
includes guide element for passage through the guide cath-
eter to facilitate placement of the shroud and the cannula at
the predetermined location within the vasculature of the
patient.

In a further embodiment, the guide mechanism further
includes a guide element for passage through a side lumen
formed along at least a portion of the guide catheter.

In a further embodiment, the guide element comprises at
least one of a guide wire and a balloon catheter.
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BRIEF DESCRIPTION OF THE DRAWINGS

Many advantages of the present invention will be appar-
ent to those skilled in the art with a reading of this speci-
fication in conjunction with the attached drawings, wherein
like reference numerals are applied to like elements and
wherein:

FIG. 1 is a partial sectional view of a human heart
illustrating an intravascular blood pump system having an
“over-the-wire” type guide mechanism according to a first
broad aspect of the present invention positioned, by way of
example, in a trans-valvular configuration to provide left-
heart assist;

FIG. 2 is side view of the guidable intravascular blood
pump system of the type shown in FIG. 1 including a motor
coupler and purge fluid delivery system according to an
exemplary embodiment of the present invention;

FIG. 3 is a cross-sectional view illustrating an exemplary
construction of the blood pump, drive cable assembly, and
cannula of the intravascular blood pump system according to
the first broad aspect of the present invention;

FIG. 4 is a cross-sectional view taken along lines 4—4 of
FIG. 3 illustrating an exemplary construction of the drive
cable assembly and guide mechanism according to the first
broad aspect of the present invention;

FIG. 5 is a cross-sectional view illustrating an exemplary
construction of the motor coupler and purge fluid delivery
system according to the first broad aspect of the present
invention;

FIG. 6 is a partial sectional view of a human heart
illustrating an intravascular blood pump system having a
“rapid exchange” or “side-rigger” type guide mechanism
according to a second broad aspect of the present invention
positioned, by way of example, in a trans-valvular configu-
ration to provide left-heart assist;

FIG. 7 is side view of the guidable intravascular blood
pump system of the type shown in FIG. 6 including a motor
coupler and purge fluid delivery system according to an
exemplary embodiment of the present invention;

FIG. 8 is a cross-sectional view taken along lines 8—8 of
FIG. 7 illustrating the “side-rigger” or “rapid exchange” type
guide mechanism according to the second broad aspect of
the present invention;

FIG. 9 is a cross-sectional view of the type shown in FIG.
8 illustrating an alternate configuration of the guide mecha-
nism according to the second broad aspect of the present
invention;

FIG. 10 is a partial sectional view of a human heart
illustrating an intravascular blood pump system having a
“guide catheter” type guide mechanism according to a third
broad aspect of the present invention positioned, by way of
example, in a trans-valvular configuration to provide left-
heart assist;

FIG. 11 is a schematic view of a human being illustrating
the intravascular blood pump system of the type shown in
FIG. 10 inserted through the femoral artery and including an
optional perfusion assembly for perfusing the vasculature
downstream from the incision site where guide catheter
enters the femoral artery;

FIG. 12 is a side view of the intravascular blood pump
system shown in FIGS. 10-11 illustrating the separable
nature of a pump assembly and a conduit assembly which
collectively form the intravascular blood pump system
according to the third broad aspect of the present invention;

FIG. 13 is a side view illustrating the intravascular blood
pump system shown in FIG. 12 with the pump assembly
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docked into the conduit assembly according to the third
broad aspect of the present invention;

FIG. 14 is a cross-sectional view illustrating an exemplary
construction of the blood pump, drive cable assembly,
cannula, and guide catheter of the intravascular blood pump
system shown in FIG. 13;

FIG. 15 is a cross-sectional view taken along lines 15—15
of FIG. 14 illustrating an exemplary construction of the
drive cable assembly and guide catheter according to the
third broad aspect of the present invention;

FIG. 16 is a cross-sectional view illustrating an exemplary
construction of the motor coupler, purge fluid delivery
system, and a proximal portion of the guide catheter biasing
assembly according to the third broad aspect of the present
invention;

FIG. 17 is a cross-sectional view illustrating an exemplary
construction of the perfusion assembly and a distal portion
of the guide catheter biasing assembly according to the third
broad aspect of the present invention;

FIG. 18 is a cross-sectional view of an intravascular blood
pump system of the type shown in FIGS. 12-13 having an
alternate configuration for docking the rotor within the
shroud according to the principles of the present invention;
and

FIG. 19 is a partial sectional view of a human heart
illustrating an alternate intravascular blood pump system
having an “over-the-wire” type guide mechanism according
to the first broad aspect of the present invention positioned,
by way of example, in a trans-valvular configuration to
provide right-heart assist.

DETAILED DESCRIPTION OF THE
INVENTION

Illustrative embodiments of the invention are described
below. In the interest of clarity, not all features of an actual
implementation may be described in this specification. It
will of course be appreciated that in the development of any
such actual embodiment, numerous implementation-specific
decisions must be made to achieve the developers’ specific
goals, such as compliance with system-related and business-
related constraints, which will vary from one implementa-
tion to another. Moreover, it will be appreciated that such a
development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention involves an intravascular pump
system for use in a number of broad ranging applications
involving the augmentation of blood flow within the circu-
latory system of a patient. As will be described below, the
intravascular blood pump system of the present invention
overcomes the drawbacks of the prior art by providing a
guide mechanism as part of the intravascular blood pump.
This advantageously allows the intravascular blood pump to
be selectively guided to a predetermined location within the
circulatory system of a patient without the need for bulky
supplemental guide mechanisms, such as a separate guide
catheter.

The intravascular pump assembly of the present invention
is particularly suited for trans-valvular use, such as for left
and/or right ventricular assist procedures. By way of
example only, such ventricular assist procedures may be
employed in cardiac operations including, but not limited to,
coronary bypass graft (CABG), cardiopulmonary bypass
(CPB), open chest and closed chest (minimally invasive)
surgery, bridge-to-transplant and/or failure-to-wean-from-
bypass situations. It is to be readily understood, however,
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that the intravascular blood pump assembly and methods of
the present invention are not to be limited to such applica-
tions. Moreover, while illustrated and described largely with
reference to left-heart assist applications, it is to be readily
understood that the principles of the present invention apply
equally with regard to right-heart assist application, which
are contemplated as within the scope of the present inven-
tion. These and other variations and additional features will
be described throughout.

Referring to FIG. 1, shown is a guidable intra-vascular
blood pump system 10 according to a first broad aspect of
the present invention shown, by way of example only, in a
left-heart assist configuration within a human heart. The
system 10 includes an intravascular blood pump 12, a
cannula 14, and an “over-the-wire” type guide mechanism
16. A drive cable assembly 18 and a motor assembly 20 are
provided to drive the intravascular blood pump 12. The
“over-the-wire” guide mechanism 16 comprises a suitable
guide element dimensioned to pass slideably through a
central lumen extending through the drive cable 18, blood
pump 12, and cannula 14. Suitable guide elements may
include any number of conventional guiding devices, includ-
ing but limited to those employed in cardiology. By way of
example only, the guide element is shown as a guide wire 22.
According to the present invention, the “over-the-wire”
guide mechanism 16 provides the ability to selectively guide
the blood pump 12 and cannula 14 to a predetermined
position in the circulatory system of a patient, such as the
trans-valvular position shown.

To accomplish this, the guide wire 22 is first introduced
into the vascular system of a patient through any suitable
access point, such as through the use of the well known
Seldinger technique. The guide wire 22 can then be
advanced within the patient to a desired location within the
circulatory system of the patient. This may be done-using
the control features of the guide wire 22 itself, or may be
facilitated through the use of any number of supplemental
guidance mechanisms or techniques to ensure the proper and
efficient placement of the guide wire 22. Such supplemental
guidance techniques may include, but are not necessarily
limited to, guide catheters and/or techniques involving ultra-
sound or flouroscopy. Once the guide wire 22 is positioned
at the desired location (such as in left ventricle as shown),
the blood pump 12 and cannula 14 may thereafter be
advanced along the guide wire 22 and positioned in the
trans-valvular configuration shown. Under the operation of
the motor assembly 20, the blood pump 12 may be used for
left-heart assist by selectively withdrawing blood from the
left ventricle (through the interior of the cannula 14) for
delivery outward through outflow apertures formed in the
blood pump 12. This outflow from the blood pump 12 flows
along the exterior of the drive cable assembly 18 in a
substantially axial fashion for arterial distribution through-
out the body.

Referring to FIGS. 2-5, an exemplary embodiment of the
intravascular blood pump system 10 of FIG. 1 will now be
described. As shown in FIG. 2, the intravascular blood pump
system 10 includes a motor coupler 24 and, as will be
described in greater detail below, a purge fluid delivery
system 26 for providing a two-way fluid flow within the
drive cable assembly 18 during pump operation. The purge
fluid delivery system 26 includes a fluid inlet conduit 28 for
introducing pressurized purge fluid from a fluid source (not
shown) for delivery into the blood pump 12, and a fluid
outlet conduit 30 to withdraw a return flow of purge fluid
from the blood pump 12. The motor coupler 24 establishes
a mechanical connection between a motor (not shown) and
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a drive cable (not shown) for providing motive force to the
blood pump 12 for pump operation. The drive cable assem-
bly 18 includes a drive cable sheath 32 which, in addition to
serving a purge fluid delivery function, also serves as a
protective housing for the drive cable (not shown). Although
shown in broken form for clarity, it will be appreciated that
the drive cable assembly 18 (and all components thereof)
may be provided in any suitable length sufficient for intra-
vascular applications. That is to say, the length of the drive
cable assembly 18 must be enough to reach between the
motor coupler 24 and purge fluid delivery system 26, located
outside the patient, and the desired location within the
patient’s circulatory system where the blood pump 12 is to
be positioned.

The intravascular blood pump 12 is shown (by way of
example only) as an axial flow intravascular blood pump.
The blood pump 12 includes pump body 34, a rotor shroud
36 having flow ports 38, and an internally disposed rotor
(not shown) having a shaft rotatably disposed within the
pump body 34 and an impeller rotatably disposed within the
rotor shroud 36. The cannula 14 is fixedly attached to the
rotor shroud 36 and may extend any suitable length there-
from depending upon the particular intravascular applica-
tion. The cannula 14 preferably includes a plurality of ports
or fenestrations 40 about its distal region, as well as an end
port 42, which allow for the ingress or egress of blood into
or from the cannula 14 depending upon the operation of the
blood pump 12. That is to say, if the pump 12 is configured
for left-heart assist as shown in FIG. 1, then the ports 40, 42
will allow the ingress of blood into the cannula 14 from the
left ventricle. If, on the other hand, the blood pump 12 is
configured for right-heart assist (i.e. with the pump 12 in the
right atrium and the distal end of the cannula 14 located
within the pulmonary artery), then the ports 40, 42 will allow
the egress of blood from the cannula 14 into the pulmonary
artery. (Details on right-heart assist applications will be
discussed in greater detail below.) The pump 12 and cannula
14 may be dimensioned to any suitable diameter for intra-
vascular applications. For example, the range of sizes may
include, —but is not necessarily limited to, 9 French to 30
French, although the range is more preferably from 14
French to 24 French, and most preferably from 18 French to
20 French.

The “over-the-wire” type guide mechanism 16 includes
the guide wire 22 and, as will be explained in greater detail
below, a central lumen extending through the cannula 14,
blood pump 12, drive cable assembly 18, purge fluid deliv-
ery system 26, and motor coupler 24. As noted above, the
central lumen is dimensioned to slideably receive the guide
wire 22 such that the blood pump 12 and cannula 14 may be
slideably advanced along the guide wire 22 to a desired
location within the circulatory system of a patient after the
guide wire 22 has been so positioned using conventional
guidance techniques. It is to be readily understood that,
while shown as a conventional guide wire 22, the guide
element forming part of the guide mechanism 16 of the
present invention may include any number of well known
guidance mechanisms depending upon the application,
including but not limited to balloon catheters, imaging
wires, and guide catheters dimensioned to be slideably
received through the central lumen. For example, although
not appropriate for retrograde progression (such as the
left-heart application shown in FIG. 1), a balloon catheter
may be a suitable guidance mechanism for a right-heart
assist application. In such a case, the balloon may be inflated
and used as a “sail” to direct the catheter to a desired location
(such as the pulmonary artery), after which point the blood
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pump 12 and cannula 14 can be advanced over the catheter
to a trans-valvular configuration with the blood pump 12 in
the right atrium and the ports 38, 40 of the cannula 14 in the
pulmonary artery.

FIGS. 3 and 4 further detail the construction of the blood
pump 12, cannula 14, drive cable assembly 18, and “over-
the-wire” guide mechanism 16. The blood pump 12 includes
a rotor 44 having a shaft 46 and an impeller 48. The shaft 46
is rotatably disposed within the pump body 34 via a bearing
pack comprising, by way of example, ball bearing assem-
blies 50, 52 and spring 54. Ball bearings assemblies 50, 52
are well known in the art, each comprising an inner race
which rotates along with the rotor shaft 46, an outer race
which remains in a static and fixed position against the inner
surface of the pump body 34, and a plurality of ball bearings
disposed between the inner and outer races. The spring 54
biases each bearing assembly 50, 52 axially away from one
another to reduce axial play during pump operation. The
shaft 46 is generally hollow and dimensioned to receive a
cable adapter 60 therein for the purpose of coupling the rotor
44 to a drive cable 62 forming part of the drive cable
assembly 18. The drive cable 62 may be secured to the cable
adapter 60 in any number of suitable fashions, including but
not limited to the use of adhesives, crimping, and laser
welding. These same techniques may be used to secure the
cable adapter 60 within the shaft 46 of the rotor 44. A radial
seal 64 is provided in between the wall of the pump body 34
and a distal stepped region 66 on the rotor shaft 46, the
function of which will be described below.

The impeller 48 includes a hub 56 and a plurality of
blades 58 extending therefrom. The hub 56 is generally
conical and, according to the first broad aspect of the present
invention, is hollow throughout to form part of the central
lumen of the guide mechanism 16. In this regard, the hub 56
is preferably provided with a gasket or seal member 68 at its
distal tip. The seal member 68 may be made of any suitable
sealing material (including but not limited to silicone) such
that the pump 12 and cannula 14 may be easily progressed
along the guide wire 22 for delivery to a desired circulatory
site. The seal member 68 should also be robust enough to
prevent the ingress of blood into the interior of the rotor hub
56 during pump operation, whether the guide wire 22
remains in place or is fully withdrawn. The blades 58 are
dimensioned to reside in close tolerance with the interior
surface of the shroud 36. In operation, the blades 58 impart
both an axial and radial vector on the blood which causes it
to flow outward through the flow ports 38 formed in the
shroud 36. As used herein, the term “axial flow” is deemed
to include flow characteristics like that shown in FIG. 3,
which include both an axial and slight radial component. It
is to be readily appreciated that, although shown as an axial
flow type, blood pump 12 may comprise any number of
suitable types of intravascular blood pumps, including but
not limited to so-called “mixed flow” intravascular blood
pumps without departing from the scope of the present
invention.

The cannula 14 is coupled at its proximal end to the rotor
shroud 36. This may be accomplished in any number of
fashions, including but not limited to the use of adhesives.
This may also be facilitated by dimensioning the shroud 36
to include a narrow inlet region 70 capable of being received
flushly within the proximal end of the cannula 14. The inlet
region 70 of the shroud 36 should preferably have a tapered
interior surface for establishing a smooth flow transition
between the cannula 14 and the region containing the
impeller blades 58. Although shown as a single integral
element, it is to be understood that the pump body 34 and
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shroud 36 may comprise two separate (and sometimes
separable) components, the significance of which will
become apparent below. The pump body 34 and shroud 36
may be constructed from any number of suitable materials,
including but not limited to stainless steel or other medical
grade compositions or alloys. The cannula 14 may also be
constructed from any number of suitable materials, includ-
ing but not limited to medical grade plastics. As shown, the
cannula 14 may also be fortified with spiral-wound rein-
forcement wire 72 within the walls of the cannula 14.

The drive cable assembly 18 includes the drive cable 62
and the drive cable sheath 32. The drive cable 62 is coupled
to the rotor 44 via the cable adapter 60. The drive cable
sheath 32 includes a central lumen 74 and a plurality of side
lumens 76. The central lumen 74 serves as a protective
covering for the drive cable 62. The central lumen 74, along
with the side lumens 76, also forms part of the purge fluid
delivery system 26 shown above in FIG. 2, which will be
described in greater detail below. The side lumens 76 are
provided in fluid communication with the fluid inlet conduit
28, while the central lumen 74 is provided in fluid commu-
nication with the fluid outlet conduit 30. The side lumens 76
are thus configured to deliver purge fluid into the pump 12,
while the central lumen 74 is configured to transport purge
fluid away from the pump 12 along the length of the drive
cable 62.

The pressurized purge fluid within the side lumens 76 may
take one of two flow paths upon entry into the pump 12. One
flow path passes through the interior of the pump 12 and
onward past the radial seal 64 to prevent the ingress of blood
into the pump body 34 during pump operation. More spe-
cifically, the purge fluid flows distally around the cable
adapter 60, through the ball bearing assemblies 50, 52, and
onward past the radial seal 64. This egress of purge fluid past
the radial seal 64 can be controlled to effectively thwart the
ingress of blood past the radial seal 64, which might
otherwise cause clotting and/or pump damage. The other
flow path is directed back out the central lumen 74 for
delivery to the fluid outlet conduit 30. In so doing, this flow
path bathes the components of the pump 12 and/or drive
cable 62 and thereby reduces frictional heating within the
pump 12 and/or the central lumen 74 of the sheath 32 during
pump operation.

The “over-the-wire” guide mechanism 16 includes a
central lumen through which the guide wire 22 may extend
for the purpose of slideably advancing the blood pump 12
and cannula 14 into a desired position within the circulatory
system of a patient. In the embodiment shown, this central
lumen is established by forming and co-aligning the indi-
vidual central lumens within each of the drive cable 62, the
cable adapter 60, the shaft 46 and hub 56 of the rotor 44, and
the cannula 14. In this regard, the drive cable 62 is prefer-
ably of wound-wire construction having a central lumen
formed therein. The central lumens within the cable adapter
60, rotor 44, and gasket 68 may be formed via machining or
molding processes. These central lumens should preferably
be sized such that they permit the slideable passage of the
pump 12 and cannula 14 therealong, but do not interfere
with or constrain the guide wire 22 to cause inadvertent
rotation of the guide wire 22 during pump operation. As
noted above, it is also contemplated to remove the guide
wire 22 after the pump 12 and cannula 14 are properly
positioned in the patient. In this case, the gasket or seal 68
on the hub 56 should be robust enough to reseal after the
guide wire 22 is withdrawn and prevent the ingress of blood
into the interior of the rotor 44.
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Referring to FIG. 5, the motor coupler 24 includes a
housing 78, a drive shaft adapter 80, and a bearing assembly
82. The drive shaft adapter 80 includes a drive shaft coupler
84 dimensioned to receive a drive shaft of a motor (not
shown), and a drive cable coupler 86 dimensioned to receive
the drive cable 62. Any of a variety of attachment techniques
may be employed to securely fasten the drive cable 62 to the
drive cable coupler 86, including but not limited to adhe-
sives, crimping, and laser welding. The drive shaft adapter
80 is rotatably disposed within the housing 78 by the bearing
assembly 82. The bearing assembly 82 includes a sleeve 88
(which may alternatively be formed as an integral part of the
housing 78) for retaining a pair of ball bearing assemblies
90, 92 and a spring 94 of the type described above. That is,
each bearing assembly 90, 92 generally comprises an inner
race which rotates along with the drive shaft adapter 80, an
outer race which remains in a static and fixed position
against the inner surface of the retaining sleeve 88, and a
plurality of ball bearings disposed between the inner and
outer races. The spring 0.94 is provided to bias each bearing
assembly 90, 92 axially away from one another to reduce
axial play during operation.

The purge fluid delivery system 26 includes a housing 96
having a central lumen 98, an inflow port 100, and an
outflow port 102. The housing 96 is also dimensioned to
matingly receive a portion of the motor coupler 24. In this
regard, a seal element 104 is provided sandwiched in
between the housing 96 and housing 78 and including an
aperture which extends about the drive shaft adapter 80 as it
exits the housing 78 to prevent the ingress of purge fluid into
the motor coupler 24. A fluid guide structure 106 is also
provided within the central lumen 98 for the purpose of
separating the inflow and outflow ports 100, 102. The fluid
guide structure 106 includes a central lumen 108 through
which the drive cable 62 extends, and an elevated portion
110 that retains an O-ring 112 against the inner surface of the
central lumen 98 of the housing 96. The drive cable sheath
32 is secured to the housing 96 such that the inflow port 100
is communicatively coupled to the side lumens 76, and the
outflow port 102 is communicatively coupled to the central
lumen 74. In this fashion, pressurized purge fluid may be
introduced through the inflow port 100 via inflow conduit
28, and removed through the outflow port 102 via outflow
conduit 30. By way of example, the inflow conduit 28 and
outflow conduit 30 may be coupled to their respective ports
100, 102 via barbed connectors 114. Similarly, the inflow
and outflow conduits 28, 30 may be equipped with any
number of suitable connectors (such as those illustrated by
way of example in FIG. 2) for establishing fluid communi-
cation with a source of pressurized fluid (not shown). The
pressurized fluid source (not shown) may include, but is not
necessarily limited to, the use of a syringe, an indeflator, a
fluid delivery pump, or an accumulator arrangement to
provide the requisite delivery of pressurized fluid. The purge
fluid delivery system 26 thus provides a two-way transmis-
sion of purge fluid within the drive cable sheath 32 for the
purposes of cooling the blood pump 12 and preventing the
ingress of blood past the radial seal 64 and into blood pump
12.

Referring to FIG. 6, shown is a guidable intra-vascular
blood pump system 120 according to a second broad aspect
of'the present invention. As will be described hereinafter, the
intravascular blood pump system 120 differs from the intra-
vascular blood pump system 10 described above only as to
the type of guide mechanism employed. In the interest of
clarity and consistency, then, like reference numerals will be
used to denote like elements and distinctions pointed out
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where necessary. Moreover, due to the commonality of
principles employed in both intravascular blood pump sys-
tems 10, 120, a discussion to the level of detail set forth
above is not deemed necessary with regard to the intravas-
cular blood pump system 120. Instead, those aspects in
common with the intravascular blood pump 10 are hereby
incorporated into the discussion of the intravascular blood
pump system 120.

In its most general form, the intravascular blood pump
system 120 of this second broad aspect of the present
invention comprises the blood pump 12 and cannula 14
arrangement, wherein the cannula 14 is equipped with a
“side-rigger” or “rapid exchange” guide mechanism 122. In
an important aspect of the present invention, the “rapid 20
exchange” or “side-rigger” guide mechanism 122 includes a
guide carriage 124 formed along at least a portion of the
cannula 14, and a suitable guide element (such as guide wire
22) dimensioned to pass slidably through a lumen (not
shown) extending through the guide carriage 124. The
“rapid exchange” guide mechanism 122 thereby provides
the ability to selectively guide the blood pump 12 and
cannula 14 to a predetermined position in the circulatory
system of a patient in the manner described above. Namely,
the guide wire 22 may be first introduced into the vascular
system of a patient through any suitable access point and
guided to a desired location within the circulatory system of
the patient, i.e. the left ventricle as shown. The blood pump
12 and cannula 14 may thereafter be advanced along the
guide wire 22 and positioned in the trans-valvular configu-
ration shown for providing left-heart assist.

FIGS. 7-9 further illustrate the “side-rigger” or “rapid-
exchange” guide mechanism 122 of this second broad aspect
of the present invention. In a preferred embodiment, the
“side-rigger” guide mechanism 122 includes a lumen 126
formed within the guide carriage 124. The guide carriage
124 is preferably formed as an integral extension of the wall
of the cannula 14. FIGS. 7 and 8 comport with the embodi-
ment shown in FIG. 6, namely illustrating the guide carriage
124 formed along the exterior surface of the cannula 14.
FIG. 9 illustrates an alternate embodiment wherein the guide
carriage 124 may be formed along the interior surface of the
cannula 14. In either case, the guide wire 22 is advanced to
a desired location in the vasculature of the patient, after
which point the blood pump 12 and cannula 14 can be
slidably advanced therealong for delivery to the desired
location according to the present invention. The guide wire
22 may thereafter be withdrawn from the patient. If the
guide carriage 124 is formed along the exterior surface of the
cannula 14 (as shown in FIGS. 7-8), then the cannula 14
should preferably be positioned so that the guide carriage
124 does not extend in a trans-valvular fashion. For
example, with reference to FIG. 6, the guide carriage 124
should be positioned wholly within the left ventricle such
that the pulsatile blood flow during beating heart procedures
will not inadvertently pass through the side lumen 126 and
pass through the aortic valve.

The intravascular blood pump system 120 is constructed
in virtually the same manner as the intravascular blood
pump system 10 shown and described above, with the
exception of the location of the respective guide mecha-
nisms 16, 122. More specifically, because the guide mecha-
nism 122 is disposed along the side of the cannula 14, there
is no need to form a central lumen extending through the
blood pump 12, drive cable assembly 18, purge fluid deliv-
ery system 26, and motor coupler 24 as detailed above with
regard to the intravascular blood pump system 10. As such,
these components need not be specially machined or molded
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to include such central lumens as was required with the
intravascular blood pump system 10 set forth above.

Referring to FIG. 10, shown is a guidable intravascular
blood pump system 130 according to a third broad aspect of
the present invention. Again, due to the commonality
between many of the same components and features of the
intravascular blood pump systems described above and the
intravascular blood pump system 130, like reference numer-
als will be used to denote like elements and distinctions
pointed out where necessary. As will be explained in greater
detail below, the intravascular blood pump system 130
employs yet another unique and useful guide mechanism
according to the present invention. However, because many
of the same components are employed, a discussion to the
level of detail set forth above is not deemed necessary with
regard to the intravascular blood pump system 130. Instead,
those aspects in common with the intravascular blood pumps
described above are hereby incorporated into the discussion
of the intravascular blood pump system 130.

In its most general form, the intravascular blood pump
system 130 of this third broad aspect of the present invention
comprises the blood pump 12 and cannula 14 arrangement,
wherein a “guide catheter” 132 is provided as the guide
mechanism for positioning the pump 12 and cannula 14 at a
desired location within the circulatory system of the patient.
More specifically, with brief reference to FIG. 12, the
intravascular blood pump system 130 is formed in two
separate assemblies according to the present invention: a
conduit assembly 134 and pump assembly 136. In its most
basic form, the conduit assembly 134 comprises the guide
catheter 132 and cannula 14 coupled to the rotor shroud 36.
The pump assembly 136 is constructed such that the pump
body 34 and rotor 44 can be disengaged from the rotor
shroud 36 and removed entirely from the conduit assembly
134. Referring again to FIG. 10, this dual construction forms
a significant feature of the present invention because it
provides the ability to form the blood pump 12 at a desired
location in a patient using two separate and distinct steps.
The first step involves positioning the conduit assembly 134
(with the pump assembly 136 removed) within a patient
such that the shroud 36 and cannula 14 are each disposed in
a desired location, such as a trans-valvular configuration for
cardiac assist procedures. In an important aspect, the task of
positioning the conduit assembly 134 within the patient may
be advantageously facilitated through the use of any number
of well known guidance mechanisms, including but not
limited to guide wires, balloon catheters, imaging wires,
guide catheters, and/or techniques involving ultra-sound or
flouroscopy. The second step in providing the intravascular
blood pump system 130 of the present invention involves
advancing the pump assembly 136 through the conduit
assembly 134 such that the rotor 44 docks within the shroud
36 to form the pump 12 at the desired location.

By way of clarification, the term “cannula” is used to
denote cannula 14 because it serves a primary purpose of
transporting fluid into the blood pump 12, whereas the term
“catheter” is used to denote the catheter 132 because it
serves a primary purpose of guiding or directing devices or
components (i.e. the pump assembly 136) to a desired
location within the body. It is to be readily understood,
however, that these terms are only used for convenience and
in a general fashion such that the cannula 14 may serve
certain guiding functions and the catheter 132 may serve
certain fluid transportation functions without departing from
the scope of the present invention. For example, the cannula
14 may be equipped with dedicated lumens to receive
various guide mechanisms (such as guide wires, balloon
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catheters, selectively deformable elements such as Nitonol,
etc). In similar fashion, the guide catheter 132 may be used
to transport fluid to and/or from the patient, such as by
providing apertures 138 along predetermined regions of the
catheter 132.

FIG. 11 demonstrates a significant feature of the present
invention involving the use of the guide catheter 132 to
transport fluid to and/or from the patient. An optional
perfusion assembly 140 is provided as part of the intravas-
cular blood pump system 130 of the present invention. The
perfusion assembly 140 includes a conduit 142 in fluid
communication with the apertures 138, which in this case
are formed near the distal region of the guide catheter 132
a short distance downstream from the blood pump 12. In use,
blood will pass along the exterior of the guide catheter 132
for distribution throughout the body, as well as within the
interior of the guide catheter 132 after passing into the
apertures 138. The perfusion assembly 140 may then be
employed to selectively reroute blood from within the guide
catheter 132 to a point within the patient’s vasculature
downstream from the point where the guide catheter 132
enters the body. A hemostasis valve assembly 146 of the
perfusion assembly 140 permits the drive cable assembly 18
to pass through to the purge fluid delivery system 26 while
preventing blood flow other than into the perfusion assembly
140. A seal assembly 150 of the purge fluid delivery system
26 permits the drive cable 62 to pass through to the motor
20 while preventing the flow of purge fluid other than into
and from the purge fluid delivery system 26. The perfusion
assembly 140 includes a control mechanism 148 for selec-
tively controlling the distribution of perfusion blood flow
from the perfusion assembly 140 into the patient. This
control mechanism 148 may be automatic based on certain
feedback criteria or manually operated.

FIGS. 12-17 illustrate an exemplary construction of the
intravascular blood pump system 130 according to the third
broad aspect of the present invention. As shown in FIG. 12,
the conduit assembly 134 may be selectively disengaged so
as to remove the pump assembly 136 therefrom. According
to the present invention, the conduit assembly 134 may be
introduced (without the pump assembly 136) into the cir-
culatory system of a patient and selectively guided such that
the rotor shroud 36 and cannula 14 are positioned at a
desired location. The pump assembly 136 can thereafter be
selectively introduced into the conduit assembly 134. A
challenge in such a “back-loading” arrangement is ensuring
that the pump assembly 136 docks appropriately within the
rotor shroud 36 and is maintained in proper engagement
during operation of the resulting pump 12.

An exemplary docking arrangement will now be
described with reference to FIG. 14. In a preferred embodi-
ment, the rotor 44 may be properly and accurately docked
within the shroud 36 by forming angled mating surfaces on
corresponding portions of the shroud 36 and pump body 34.
More specifically, an angled mating surface may be formed
on the interior surface of the rotor shroud 36 along that
portion extending proximally from the flow aperture 38. A
corresponding angled mating surface may be provided along
the exterior surface of the pump body 34 along a distal
portion thereof. The mating surfaces shown in FIG. 14 may
preferably be formed in the range from about 2 degrees to 10
degrees, and more preferably formed in the range from about
3 degrees to 6 degrees. Mating angles within these ranges
are adequate to guide the distal end of the pump body 34 to
a point generally flush with the proximal edge of the flow
aperture 38 as shown in FIG. 14. In this fashion, the pump
assembly 136 and the rotor shroud 36 combine to form the
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blood pump 12. More importantly, this docking is carried
out such that the rotor 44 and rotor blades 58 are maintained
in proper position for efficient and safe pump operation.

An exemplary biasing scheme for maintaining the pump
assembly 136 in this docked relationship will now be
described with reference to FIGS. 12-13 and 16-17. The
conduit assembly 134 is preferably equipped with a male
quick-connect coupling 152 capable of engaging with a
female quick-connect coupling 154 forming part of the
perfusion assembly 140 of the present invention. A bias
spring 156 is provided in between the perfusion assembly
140 and the housing 96 of the purge fluid delivery system 26.
The bias spring 156 is preferably dimensioned so as to be in
tension when the male quick-connect 152 is engaged within
the female quick-connect 154 as part of the docking process
of the present invention. As such, the bias spring 156 serves
to maintain the pump assembly 136 in the docked position
within the rotor shroud 36. The bias spring 156 may be
coupled to the housing 96 of the purge fluid delivery system
26 in any number of suitable fashions. One such coupling
arrangement may comprise a female quick-connect coupling
158 attached to the housing 96 and a male quick-connect
coupling 160 attached to the bias spring 156.

An exemplary embodiment of the perfusion assembly 140
is shown with reference to FIGS. 12-13 and 17. The
perfusion assembly 140 shown includes the hemostasis
valve 146 coupled to the female quick-connect coupling
154. A length of tubing 162 extends between the opposing
barb connectors of the hemostasis valve 146 and the female
quick-connect coupling 154. A continuous lumen is formed
extending through the interior of the male quick-connect
coupling 152, the female-quick-connect coupling 154, the
tubing 162, and the hemostasis valve 146. The drive cable
assembly 18 extends through this continuous lumen and
exits through a Touehy-Borst hemostasis seal 164 which
prevents the migration of blood out of the proximal end of
the perfusion assembly 140. A side-port 166 is disposed in
fluid communication with the central lumen of the perfusion
assembly 140. In one embodiment, this side-port 166 may be
equipped with a conduit 168 having a stop-cock 170 to
selectively control the distribution of blood through a per-
fusion conduit (i.e. conduit 142 of FIG. 11) coupled to the
stop-cock 170. It will be appreciated that this type of manual
control system for selectively perfusing the patient may be
replaced with control circuitry for automatically controlling
the rate of perfusion. Such automatic perfusion may be
based on control algorithms based on contemporaneous
feedback or pre-programmed thresholds.

The foregoing discussion details a host of inventive
aspects forming part of the present invention. It will be
appreciated by those skilled in the art that changes could be
made to the embodiments described above without departing
from the broad inventive concepts thereof. The following
evidences, by way of example only, various additional
aspects forming part of the present invention.

FIG. 18 illustrates an alternate configuration of the intra-
vascular blood pump system 130 of the third broad aspect of
the present invention having an alternate bearing assembly,
purge fluid delivery, and docking scheme. The bearing
assembly includes a seal spring 182 and a bearing assembly
180. The bearing assembly 180 includes an inner race 184,
an outer race 186, and a plurality of balls 188 which enable
the inner race 184 to rotate along with the rotor shaft 46
while the outer race 186 remains in a static and fixed
position relative to an inner surface of the pump body 34. An
O-ring 190 is disposed within a groove formed in the rotor
shaft 46 so as to maintain the bearing assembly 180 against
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the seal spring 182. The O-ring 190 is further secured within
the groove in the rotor shaft 46 via a contoured lip portion
extending from the distal end of the cable adapter 60. The
proximal end of the cable adapter 60 flushly engages the
drive cable 62.

The purge fluid delivery system of the embodiment shown
in FIG. 18 provides for a one way delivery of purge fluid to
the blood pump 12. That is, pressurized fluid (namely, fluid
pressurized to some level elevated above the blood pressure
in the surrounding vessel) is injected in between the drive
cable 62 and the interior of the protective sheath 32 during
operation. This serves to reduce any frictional heating that
exists between the drive cable 62 and sheath 32. The
pressurized fluid also flows through the interior of the pump
12 such that, if the seal at 192 is broken, the pressurized fluid
will flow past the open seal 192 and onward through the
blood flow ports 38 formed in the shroud 36. This serves to
keep blood from entering the pump 12 in an effort to avoid
clotting and/or damaging the pump 12.

The pump assembly 136 may be docked within the
conduit assembly 134 in any number of different fashions
without departing from the scope of the present invention.
That is to say, the docking scheme shown in FIG. 18 is set
forth by way of example only and is not to be deemed
limiting or restrictive as to numerous ways to temporarily
engage or “dock” the pump assembly 136 within the conduit
assembly 134. The only requirement is that the pump
assembly 136 and conduit assembly 134 dock such that the
rotor 44 is disposed within the shroud 36 to provide the
desired axial flow through the cannula 14 and out the shroud
36. The exemplary docking scheme involves forming an
annular engagement groove 194 along the interior of the
shroud 36, and forming a complementary annular ridge 196
along the exterior surface of the pump body 34. During
insertion, the pump assembly 136 will be advanced into the
conduit assembly 134 until the annular ridge 196 on the
pump body 34 engages within the groove 194 formed in the
shroud 36. This docking scheme is generally advantageous
in that the engagement action between the annular ridge 196
and groove 194 will provide tactile feedback to the physi-
cian during the process of inserting the pump assembly 136
into the conduit assembly 134 such that the physician will be
able to determine when the docking has been completed.

As will be appreciated by those skilled in the art, the
location of the annular ridge 196 and engagement groove
194 may be varied such that they are disposed closer or
farther away from the flow apertures 38. It may be advan-
tageous to form these docking structures close to the flow
apertures 38 in an effort to thwart the ingress of blood into
the junction extending between the interior of the shroud 36
and the exterior surface of the pump body 34. It is also
contemplated to employ selectively inflatable structures,
such as balloons, in an effort to temporarily engage or dock
the pump assembly 136 within the conduit assembly 134. In
this regard, one or more lumens may be formed within the
pump body 34 extending from the interior of the pump body
34 in fluid communication with a balloon disposed along the
exterior surface of the pump body 34. The pressurized fluid
flowing within the interior of the pump body 34 may then be
used to inflate the balloon, which will then engage within an
annular groove in the shroud 36, such as at 194. Of course,
the engagement structures may also be reversed without
departing from the scope of the present invention. For
example, the shroud 36 may be equipped with a fluid
delivery lumen therein for inflating a balloon disposed on
the interior surface of the shroud 36, which may in turn be
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disposed within an annular engagement groove formed
along the exterior surface of the pump body 34.

While this invention has been shown in use largely in
during left-heart applications, it is to be readily appreciated
that this does not limit the applications of this invention for
use in left heart support only. Rather, the guidable intravas-
cular blood pump of the present invention can be utilized in
right-heart support applications and a wide variety of other
applications apparent to those skilled in the art. For example,
with reference to FIG. 19, shown is an intravascular blood
pump 200 (of the type shown and described above with
reference to FIGS. 2-5) configured for use in a right-heart
support application. In this embodiment, the intravascular
blood pump system 200 is equipped, by way of example,
with an “over-the-wire” guide mechanism 16 comprising a
balloon catheter 202. It is to be readily appreciated that,
although shown and described below in terms of an embodi-
ment of the type shown in FIGS. 2-5, the intravascular blood
pump systems 120, 130 disclosed herein may also be con-
figured for use in right-heart applications. Such right-heart
configurations, and others apparent to those skilled in the art
based on the broad principles enumerated in this application,
are contemplated as being within the scope of the present
invention.

The intravascular blood pump system 200 is shown
positioned within the heart, such as may be advantageous to
provide right heart support during beating heart surgery. To
position the guidable intravascular blood pump system 200
in the right heart according to the present invention, a
suitable guide element (such as balloon catheter 202) is first
advanced to a desired location within the heart via the “sail”
action of an inflated balloon. After the balloon catheter 202
is located in the desired position (such as in the pulmonary
artery as shown), the intravascular blood pump system 200
according to the present invention may be advanced over the
balloon catheter 202 and guided into a desired arrangement.
For right heart support, this would involve advanced into the
pump 12 and cannula 14 overt the balloon catheter 202 until
the fluid inlet 204 is disposed within the vena cava (or right
atrium) and the fluid outlet 206 is positioned within the
pulmonary artery. The pump 12 may then be selectively (i.e.
automatically or on-demand) controlled to transport blood
from the vena cava (or right atrium) in a trans-valvular
fashion through the tricuspid valve, the right ventricle, and
the pulmonary valve for deposit within the pulmonary artery.
Providing right-heart support during beating heart surgery
advantageously overcomes conditions where cardiac output
may become compromised during beating heart surgery,
such as when the heart is lifted to gain access to posterior
vessels, thereby avoiding the need for cardiopulmonary
bypass.

It is also contemplated as part of the present invention that
the guidable intravascular blood pump systems can be
introduced into the patient’s vasculature to achieve the
intravascular access into the right or left heart through any
number of access points, including but not limited to the
internal jugular vein, the brachiocephalic vein, carotid
artery, axillary artery, femoral vein, femoral artery, and
subclavian artery. The intravascular blood pump systems of
the present invention may also be introduced via direct
introduction, such as into the aorta, the atria, and the
ventricles. As is well known in the art, such intravascular
access may be achieved percutaneously through the use of
the Seldinger technique or directly through the use of
minimally invasive access techniques.

Those skilled in the art will also appreciate that, although
shown and described above in terms of “axial flow,” the
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present invention is not limited to the axial flow type
intravascular blood pumps. Rather, the intravascular blood
pumps 12 may comprise any number of suitable types of
intravascular blood pumps, including but not limited to
so-called “mixed flow” intravascular blood pumps, without
departing from the scope of the present invention.

With regard to the embodiments shown in FIGS. 10-17,
it is furthermore contemplated that the guide catheter 132
may be separable from the conduit assembly 134 after the
pump assembly 136 is docked within the shroud 36 to form
the pump 12 at the desired location within the circulatory
system of the patient. This may be accomplished by pro-
viding the guide catheter 132 in a detachable fashion via any
number of suitable arrangements. By removing the guide
catheter 132 after the pump 12 assembled, wound manage-
ment of the access point into the patient’s vasculature may
be improved. This is due, in part, to the substantial reduction
in size of the device extending into the patient (i.e. the drive
cable assembly 18 as opposed to the larger diameter guide
catheter 132).

It is also contemplated to incorporate various pressure
sensing and/or guidability features into at least one of the
cannula 14 and pump 12. Such features may include, but are
not necessarily limited to, those shown and described in
commonly-owned and co-pending U.S. patent application
Ser. No. 09/280,988 (filed Mar. 30, 1999) entitled “Steerable
Cannula,” and U.S. patent application Ser. No. 09/280,970
(filed Mar. 30, 1999) entitled “Pressure Sensing Cannula,”
the disclosures of which are hereby expressly incorporated
by reference as if set forth herein in their entirety. These
pressure sensing features may include, but are not necessar-
ily limited to, the use of fluid-filled lumens, piezo-electric
pressure sensing elements, strain gauges, and analysis of the
torque/current relationship (based on the dynamic pressure
differential between the inlet and outlet of the pump). The
guidability features may include, but are not necessarily
limited to, the use of side lumens and deformable materials
(i.e. Nitonol).

Various pump and cannula arrangements have been
described and shown above for providing right and/or left
heart support wherein blood is deliberately re-routed
through and past the right and/or left ventricle in an effort to
reduce the volume of blood to be pumped by the particular
ventricle. While “unloading” the ventricles in this fashion is
preferred in certain instances, it is to be readily understood
that the pump and cannula arrangements described herein
may also be employed to “preload” the ventricles. Ventricu-
lar preloading may be accomplished by positioning the
outflow cannula from the pump into a given ventricle such
that the pump may be employed to fill or preload the
ventricle with blood. This may be particularly useful with
the right ventricle. On occasion, the right ventricle is not
supplied with sufficient levels of blood from the right atrium
such that, upon contraction, the right ventricle delivers an
insufficient quantity of blood to the pulmonary artery. This
may result when the right ventricle and/or right atrium are in
a stressed or distorted condition during surgery. Preloading
overcomes this problem by actively supplying blood into the
right ventricle, thereby facilitating the delivery of blood into
the pulmonary artery. The same technique can be used to
preload the left ventricle and thus facilitate the delivery of
blood from the left ventricle into the aorta.

What is claimed is:

1. An intravascular blood pump system comprising:

an intravascular blood pump having a cannula coupled

thereto, said intravascular blood pump including a
rotor, a shroud for receiving said rotor, and a drive
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cable coupled to said rotor for driving said rotor within
said shroud, said cannula being coupled to said shroud
of said intravascular blood pump, and

a guide mechanism adapted to guide said intravascular

blood pump and cannula to a predetermined location
within the circulatory system of a patient, wherein said
guide mechanism comprises a guide catheter coupled to
said shroud.

2. The intravascular blood pump system of claim 1 and
further, wherein a perfusion assembly is provided commu-
nicatively coupled to said guide catheter for selectively
rerouting blood from within said guide catheter to a point
downstream from the introduction site of said guide catheter
into the vasculature of said patient.

3. The intravascular blood pump system of claim 2 and
further, wherein said perfusion assembly includes a first
conduit communicatively coupled to said guide catheter, a
second conduit dimensioned to be introduced into the vas-
culature of the patient, and a selectively operable valve
disposed in between said first conduit and said second
conduit.

4. The intravascular blood pump system of claim 1 and
further, wherein said guide mechanism further includes
guide element for passage through the guide catheter to
facilitate placement of said shroud and said cannula at said
predetermined location within the vasculature of the patient.

5. The intravascular blood pump system of claim 4 and
further, wherein said guide element comprises at least one of
a guide wire and a balloon catheter.

6. The intravascular blood pump system of claim 1 and
further, wherein said guide mechanism further includes a
guide element for passage through a side lumen formed
along at least a portion of said guide catheter.

7. The intravascular blood pump system of claim 6 and
further, wherein said guide element comprises at least one of
a guide wire and a balloon catheter.

8. The intravascular blood pump system of claim 1 and
further, wherein said guide catheter may be used to guide
said shroud and cannula to said predetermined location
within the circulatory system of said patient, after which
point said rotor and drive cable of said intravascular blood
pump may be docked within said shroud for pump operation.

9. An intravascular blood pump system comprising:

an intravascular blood pump having a cannula coupled

thereto, said intravascular blood pump including a
rotor, a shroud for receiving said rotor, and a drive
cable coupled to said rotor for driving said rotor within
said shroud, and

a guide mechanism adapted to guide said intravascular

blood pump and cannula to a predetermined location
within the circulatory system of a patient,

wherein a drive cable sheath is provided having a central

lumen for receiving said drive cable, and

wherein a purge fluid delivery system is coupled to said

drive cable sheath to deliver purge fluid to said rotor.

10. The intravascular blood pump system of claim 9 and
further, wherein said guide mechanism comprises a guide
element disposed at least partially within said cannula.

11. The intravascular blood pump system of claim 10 and
further, wherein said guide element comprises a guide wire
for passage through a side lumen formed in said cannula.
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12. The intravascular blood pump system of claim 11 and
further, wherein said intravascular blood pump and cannula
may be selectively advanced to said predetermined location
within the vasculature of the patient by first passing said
guide wire to said predetermined location and thereafter
sliding said intravascular blood pump and cannula along
said guide wire to said predetermined location.

13. The intravascular blood pump system of claim 10 and
further, wherein said guide element comprises a selectively
deformable element disposed at least partially within said
cannula.

14. The intravascular blood pump system of claim 9 and
further, wherein said drive cable sheath includes at least one
side lumen for delivering said purge fluid towards said rotor.

15. The intravascular blood pump system of claim 14 and
further, wherein a portion of said purge fluid is delivered
through said at least one side lumen and past said rotor, and
a portion of purge fluid is rerouted back from said rotor
through said central lumen of said drive cable.

16. An intravascular blood pump system comprising:

an intravascular blood pump having a cannula coupled
thereto,

a guide mechanism adapted to guide said intravascular
blood pump and cannula to a predetermined location
within the circulatory system of a patient, and

a blood pressure detection mechanism to detect the pres-
sure of the blood proximate at least one of the intra-
vascular blood pump and cannula.

17. The intravascular blood pump system of claim 16 and
further, wherein said blood pressure detection mechanism
comprises at least one of fluid filled column disposed within
at least a portion of said cannula, a piezoelectric element
coupled to at least one of the intravascular blood pump and
cannula, and a strain gauge coupled to at least one of the
intravascular blood pump and cannula.

18. The intravascular blood pump system of claim 16 and
further, wherein said blood pressure detection mechanism
involves calculating blood pressure based on the relationship
between the torque and motor current of a motor used to
drive said rotor.

19. An intravascular blood pump system comprising:

an intravascular blood pump having a cannula coupled
thereto, said intravascular blood pump including a
rotor, a shroud for receiving said rotor, and a drive
cable coupled to said rotor for driving said rotor within
said shroud, and

a guide mechanism adapted to guide said intravascular
blood pump and cannula to a predetermined location
within the circulatory system of a patient,

said guide element comprising a guide wire for passage
through a lumen extending through said drive cable and
rotor.

20. The intravascular blood pump system of claim 19 and
further, wherein said intravascular blood pump and cannula
may be selectively advanced to said predetermined location
within the vasculature of the patient by first passing said
guide wire to said predetermined location and thereafter
sliding said intravascular blood pump and cannula along
said guide wire to said predetermine location.

& * * & *
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GUIDABLE INTRAVASCULAR BLOOD PUMP
AND RELATED METHODS

RELATED APPLICATIONS

This application is a continuation of application Ser. No.
11/375,926, which is a divisional of U.S. patent application
Ser. No. 10/070,178, filed Jul. 19, 2002, now U.S. Pat. No.
7,022,100, which claims the benefit of PCT/US00/24515
filed Sep. 1, 2000, which claims the benefit of provisional
U.S. patent application Ser. No. 60/152,249 filed Sep. 3,
1999. We hereby claim priority to the aforementioned appli-
cation and also incorporate each of the afore-listed patents
and applications, in its entirety, by reference thereto.

FIELD OF THE INVENTION

The present invention relates generally to blood pumps
and, more particularly, to an improved intra-vascular blood
pump having a guide mechanism which provides the ability to
selectively guide the intravascular pump to a desired location
within a patient’s circulatory system.

DESCRIPTION OF RELATED ART

Over the years, various types of blood pumps have been
developed for the purpose of augmenting or replacing the
blood pumping action of damaged or diseased hearts. Blood
pumps are commonly used in three situations: (1) for acute
support during cardio-pulmonary operations; (2) for short-
term support while awaiting recovery of the heart from sur-
gery; or (3) as a bridge to keep a patient alive while awaiting
heart transplantation. The pumps may be designed to provide
right and/or left ventricular assist, although left ventricle
assist is the most common application in that it is far more
common for the left ventricle to become diseased or damaged
than it is for the right ventricle.

Blood pumps must provide leak-free operation and must
avoid contamination of the fluid by the pump components and
the external environment. Such pumps must also pump the
fluid at a suitable rate without applying excessive Reynolds
shear stress to the fluid. It is well known to those skilled in the
art that lysis or cell destruction may result from application of
shear stress to cell membranes. Red blood cells are particu-
larly susceptible to shear stress damage as their cell mem-
branes do not include a reinforcing cytoskeleton to maintain
cell shape. Lysis of white blood cells and platelets also occurs
upon application of high shear stress. Lysis of red blood cells
can result in release of cell contents which trigger subsequent
platelet aggregation. Sublytic shear stress leads to cellular
alterations and direct activation and aggregation of platelets
and white blood cells.

Intravascular blood pumps comprise miniaturized blood
pumps capable of being percutaneously or surgically intro-
duced into the vascular system of a patient, typically to pro-
vide left and/or right heart support. One type of intravascular
pump is an axial flow blood pump comprising a cable-
mounted rotor surrounded by a protective shroud. The pump,
along with the rotor and shroud, are mounted at the end of an
elongated flexible catheter. The catheter is inserted into the
aorta from a remote entry point, such as an incision below the
groin that provides access into a femoral artery. The catheter
then passes through the descending aorta until it reaches the
ascending aorta, near the heart. The catheter device encloses
arotating drive cable which is coupled to the impeller blade at
one end, and which emerges from the exposed end of the
catheter, near the patient’s groin, at the other end. When the
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exposed end of the drive cable is mechanically rotated, using
a device located outside the patient’s body, it conveys the
rotational force through the length of the catheter, causing the
impeller to spin at high speed near the heart. This type of
blood pump finds particular application in providing ven-
tricular assist during surgery or providing temporary bridging
support to help a patient survive a crisis.

While generally effective in providing ventricular assisting
functions, prior art intravascular blood pumps nonetheless
suffer various drawbacks. A significant drawback is that prior
art intravascular blood pumps are difficult to guide into the
appropriate position within the circulatory system of a
patient. This is due largely to the fact that the elongated
catheter is incapable of providing the degree of control nec-
essary to easily negotiate the pump through the tortuous path-
ways leading up to and into the heart. When attempting to
place the blood pump in a trans-valvular configuration (with
the inlet in the left ventricle and the pump outlet in the ascend-
ing aorta), the natural tendency of the catheter to stay straight
may cause the pump to be inadvertently placed in the carotid
ostia, which can be dangerous if the pump is operated to
withdraw blood from the brain.

To overcome these difficulties, certain guide mechanisms
may be employed to assist the physician placing the pump in
the appropriate position within the circulatory system. One
type of supplemental guide mechanism is a guide catheter.
Guide catheters are designed with certain guidability charac-
teristics such that physicians can selectively position them
within the vasculature or heart with relative ease. A central
lumen is provided within the guide catheter such that the
intravascular pump may be introduced therein and guided
while it is advanced towards the predetermined circulatory
site. While generally effective at providing a guiding feature
for such intravascular blood pumps, employing such supple-
mental guide mechanisms is nonetheless disadvantageous in
that they consume valuable space within the vessels. A guide
catheter, for example, would necessarily be larger in diameter
than the diameter of the pump and protective shroud in order
to provide adequate passage of those components. As will be
appreciated, this restricts the amount of space available for
blood to flow within the particular vessel, and increases the
size of the required puncture wound for accessing the vessel.

The present invention is directed at eliminating and/or
reducing the effects of the foregoing drawbacks of prior art
intravascular blood pumps.

SUMMARY OF THE INVENTION

The present invention overcomes the drawbacks of the
prior art by providing an improved intravascular blood pump
equipped with integrated features for selectively guiding the
intravascular blood pump to a predetermined location in the
patient’s circulatory system, i.e. heart and/or vasculature. In
so doing, the intravascular blood pump of the present inven-
tion eliminates the need for supplemental guiding mecha-
nisms, such as a separate, large diameter guide catheter as
used in the prior art.

In a first broad aspect of the present invention, an intravas-
cular blood pump system is provided comprising an intravas-
cular blood pump having a cannula coupled thereto and an
“over-the-wire” type guide mechanism for selectively posi-
tioning the intravascular blood pump and cannula at a prede-
termined location within the circulatory system of a patient.
To accomplish this, a central lumen is formed through at least
a portion of the intravascular blood pump system such that a
guide element, such as a guide wire, may be progressed
therethrough and advanced to the predetermined location in
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the circulatory system of the patient. After the guide element
is advanced to this desired location, the intravascular blood
pump and cannula may thereafter be advanced along the
guide element to the desired location.

In a second broad aspect of the present invention, an intra-
vascular blood pump system is provided comprising an intra-
vascular blood pump having a cannula coupled thereto and a
“side-rigger” or “rapid exchange” type guide mechanism for
selectively positioning the intravascular blood pump and can-
nula at a predetermined location within the circulatory system
of a patient. To accomplish this, a side lumen is formed along
alength of at least one of the intravascular blood pump and the
cannula. A guide element, such as a guide wire, may be
advanced to the predetermined location in the circulatory
system of the patient. After the guide element is advanced to
this desired location, the intravascular blood pump and can-
nula may thereafter be advanced along the guide element to
the desired location.

In a third broad aspect of the present invention, an intra-
vascular blood pump system is provided comprising an intra-
vascular blood pump having a cannula coupled thereto and a
“guide catheter” type guide mechanism for selectively posi-
tioning the intravascular blood pump and cannula at a prede-
termined location within the circulatory system of a patient.
The pump system of this broad aspect includes a conduit
assembly and a separate pump assembly. The conduit assem-
bly includes a guide catheter, a rotor shroud, and a cannula,
with the cannula and guide catheter disposed on either side of
the rotor shroud. The pump assembly includes a rotor, a drive
member coupled to the rotor, and a pump disposed between
the rotor and the drive member. The guide catheter is dimen-
sioned to receive and guide the pump assembly to the point
where the rotor docks within the rotor shroud so as to form an
operational blood pump. This configuration allows the con-
duit assembly to be precisely and efficiently guided into a
desired position within the body through the use of conven-
tional guiding techniques well known in interventional car-
diology. The pump assembly may thereafter be introduced
into and guided within the conduit until the pump assembly is
docked within the rotor shroud. This dual construction
arrangement provides improved placement of the pump
assembly by using the conduit as a guiding mechanism.

The foregoing broad aspects of the present invention may
be manifested according to the following recitations:

According to a first broad recitation of the present inven-
tion, an intravascular blood pump system is provided com-
prising an intravascular blood pump having a cannula
coupled thereto, and a guide mechanism adapted to guide the
intravascular blood pump and cannula to a predetermined
location within the circulatory system of a patient.

In a further embodiment, the intravascular blood pump
includes a rotor, a shroud for receiving the rotor, and a drive
cable coupled to the rotor for driving the rotor within the
shroud.

In a further embodiment, the cannula is coupled to the
shroud of the intravascular blood pump.

In a further embodiment, the guide mechanism comprises
a guide catheter coupled to the shroud.

In a further embodiment, the guide catheter may be used to
guide the shroud and cannula to the predetermined location
within the circulatory system of the patient, after which point
the rotor and drive cable of the intravascular blood pump may
be docked within the shroud for pump operation.

In a further embodiment, the drive cable sheath is provided
having a central lumen for receiving the drive cable, and
wherein a purge fluid delivery system is coupled to the drive
cable sheath to deliver purge fluid to the rotor.
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In a further embodiment, the drive cable sheath includes at
least one side lumen for delivering the purge fluid towards the
rotor.

In a further embodiment, a portion of the purge fluid is
delivered through the at least one side lumen and past the
rotor, and a portion of purge fluid is rerouted back from the
rotor through the central lumen of the drive cable.

In a further embodiment, a perfusion assembly is provided
communicatively coupled to the guide catheter for selectively
rerouting blood from within the guide catheter to a point
downstream from the introduction site of the guide catheter
into the vasculature of the patient.

In a further embodiment, the perfusion assembly includes
a first conduit communicatively coupled to the guide catheter,
a second conduit dimensioned to be introduced into the vas-
culature of the patient, and a selectively operable valve dis-
posed in between the first conduit and the second conduit.

In a further embodiment, a blood pressure detection
mechanism is provided to detect the pressure of the blood
proximate at least one of the intravascular blood pump and
cannula.

In a further embodiment, the blood pressure detection
mechanism comprises at least one of fluid filled column dis-
posed within at least a portion of the cannula, a piezoelectric
element coupled to at least one of the intravascular blood
pump and cannula, and a strain gauge coupled to at least one
of the intravascular blood pump and cannula.

In a further embodiment, the blood pressure detection
mechanism involves calculating blood pressure based on the
relationship between the torque and motor current of a motor
used to drive the rotor.

In a further embodiment, the guide mechanism comprises
a guide element disposed at least partially within the cannula.

In a further embodiment, the guide element comprises a
guide wire for passage through a side lumen formed in the
cannula.

In a further embodiment, the guide element comprises a
selectively deformable element disposed at least partially
within the cannula.

In a further embodiment, the intravascular blood pump and
cannula may be selectively advanced to the predetermined
location within the vasculature of the patient by first passing
the guide wire to the predetermined location and thereafter
sliding the intravascular blood pump and cannula along the
guide wire to the predetermined location.

In a further embodiment, the guide element comprises a
guide wire for passage through a lumen extending through the
drive cable and rotor.

In a further embodiment, the intravascular blood-pump and
cannula may be selectively advanced to the predetermined
location within the vasculature of the patient by first passing
the guide wire to the predetermined location and thereafter
sliding the intravascular blood pump and cannula along the
guide wire to the predetermine location.

In a further embodiment, the guide mechanism further
includes guide element for passage through the guide catheter
to facilitate placement of the shroud and the cannula at the
predetermined location within the vasculature of the patient.

In a further embodiment; the guide mechanism further
includes a guide element for passage through a side lumen
formed along at least a portion of the guide catheter.

In a further embodiment, the guide element comprises at
least one of a guide wire and a balloon catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

Many advantages of the present invention will be apparent
to those skilled in the art with a reading of this specification in
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conjunction with the attached drawings, wherein like refer-
ence numerals are applied to like elements and wherein:

FIG. 11is a partial sectional view of a human heart illustrat-
ing an intravascular blood pump system having an “over-the-
wire” type guide mechanism according to a first broad aspect
of the present invention positioned, by way of example, in a
trans-valvular configuration to provide left-heart assist;

FIG. 2 is side view of the guidable intravascular blood
pump system of the type shown in FIG. 1 including a motor
coupler and purge fluid delivery system according to an
exemplary embodiment of the present invention;

FIG. 3 is a cross-sectional view illustrating an exemplary
construction of the blood pump, drive cable assembly, and
cannula of the intravascular blood pump system according to
the first broad aspect of the present invention;

FIG. 4 is a cross-sectional view taken along lines 4-4 of
FIG. 3 illustrating an exemplary construction of the drive
cable assembly and guide mechanism according to the first
broad aspect of the present invention;

FIG. 5 is a cross-sectional view illustrating an exemplary
construction of the motor coupler and purge fluid delivery
system according to the first broad aspect of the present
invention;

FIG. 6 is a partial sectional view of a human heart illustrat-
ing an intravascular blood pump system having a “rapid
exchange” or “side-rigger” type guide mechanism according
to a second broad aspect of the present invention positioned,
by way of example, in a trans-valvular configuration to pro-
vide left-heart assist;

FIG. 7 is side view of the guidable intravascular blood
pump system of the type shown in FIG. 6 including a motor
coupler and purge fluid delivery system according to an
exemplary embodiment of the present invention;

FIG. 8 is a cross-sectional view taken along lines 8-8 of
FIG. 7 illustrating the “side-rigger” or “rapid exchange” type
guide mechanism according to the second broad aspect of the
present invention;

FIG. 9 is a cross-sectional view of the type shown in FIG.
8 illustrating an alternate configuration of the guide mecha-
nism according to the second broad aspect of the present
invention;

FIG. 10 is a partial sectional view of a human heart illus-
trating an intravascular blood pump system having a “guide
catheter” type guide mechanism according to a third broad
aspect of the present invention positioned, by way of
example, in a trans-valvular configuration to provide left-
heart assist;

FIG. 11 is a schematic view of a human being illustrating
the intravascular blood pump system of the type shown in
FIG. 10 inserted through the femoral artery and including an
optional perfusion assembly for perfusing the vasculature
downstream from the incision site where guide catheter enters
the femoral artery;

FIG. 12 is a side view of the intravascular blood pump
system shown in FIGS. 10-1i illustrating the separable nature
of a pump assembly and a conduit assembly which collec-
tively form the intravascular blood pump system according to
the third broad aspect of the present invention;

FIG. 13 is a side view illustrating the intravascular blood
pump system shown in FIG. 12 with the pump assembly
docked into the conduit assembly according to the third broad
aspect of the present invention;

FIG. 14 is a cross-sectional view illustrating an exemplary
construction of the blood pump, drive cable assembly, can-
nula, and guide catheter of the intravascular blood pump
system shown in FIG. 13;
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FIG. 15 is a cross-sectional view taken along lines 15-15 of
FIG. 14 illustrating an exemplary construction of the drive
cable assembly and guide catheter according to the third
broad aspect of the present invention;

FIG. 16 is a cross-sectional view illustrating an exemplary
construction of the motor coupler, purge fluid delivery sys-
tem, and a proximal portion of the guide catheter biasing
assembly according to the third broad aspect of the present
invention;

FIG. 17 is a cross-sectional view illustrating an exemplary
construction of the perfusion assembly and a distal portion of
the guide catheter biasing assembly according to the third
broad aspect of the present invention;

FIG. 18 is a cross-sectional view of an intravascular blood
pump system of the type shown in FIGS. 12-13 having an
alternate configuration for docking the rotor within the
shroud according to the principles of the present invention;
and

FIG. 19 is a partial sectional view of a human heart illus-
trating an alternate intravascular blood pump system having
an “over-the-wire” type guide mechanism according to the
first broad aspect of the present invention positioned, by way
of example, in a trans-valvular configuration to provide right-
heart assist.

DETAILED DESCRIPTION OF THE INVENTION

Illustrative embodiments of the invention are described
below. In the interest of clarity, not all features of an actual
implementation may be described in this specification. It will
of course be appreciated that in the development of any such
actual embodiment, numerous implementation-specific deci-
sions must be made to achieve the developers’ specific goals,
such as compliance with system-related and business-related
constraints, which will vary from one implementation to
another. Moreover, it will be appreciated that such a develop-
ment effort night be complex and time-consuming, but would
nevertheless be a routine undertaking for those of ordinary
skill in the art having the benefit of this disclosure.

The present invention involves an intravascular pump sys-
tem for use in a number of broad ranging applications involv-
ing the augmentation of blood flow within the circulatory
system of a patient. As will be described below, the intravas-
cular blood pump system of the present invention overcomes
the drawbacks of the prior art by providing a guide mecha-
nism as part of the intravascular blood pump. This advanta-
geously allows the intravascular blood pump to be selectively
guided to a predetermined location within the circulatory
system of a patient without the need for bulky supplemental
guide mechanisms, such as a separate guide catheter.

The intravascular pump assembly of the present invention
is particularly suited for trans-valvular use, such as for left
and/or right ventricular assist procedures. By way of example
only, such ventricular assist procedures may be employed in
cardiac operations including, but not limited to, coronary
bypass graft (CABG), cardio-pulmonary bypass (CPB), open
chest and closed chest (minimally invasive) surgery, bridge-
to-transplant and/or failure-to-wean-from-bypass situations.
It is to be readily understood, however, that the intravascular
blood pump assembly and methods of the present invention
are not to be limited to such applications. Moreover, while
illustrated and described largely with reference to left-heart
assist applications, it is to be readily understood that the
principles of the present invention apply equally with regard
to right-heart assist application, which are contemplated as
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within the scope of the present invention. These and other
variations and additional features will be described through-
out.

Referring to FIG. 1, shown is a guidable intra-vascular
blood pump system 10 according to a first broad aspect of the
present invention shown, by way of example only, in a left-
heart assist configuration within a human heart. The system
10 includes an intravascular blood pump 12, a cannula 14, and
an “over-the-wire” type guide mechanism 16. A drive cable
assembly 18 and a motor assembly 20 are provided to drive
the intravascular blood pump 12. The “over-the-wire” guide
mechanism 16 comprises a suitable guide element dimen-
sioned to pass slideably through a central lumen extending
through the drive cable 18, blood pump 12, and cannula 14.
Suitable guide elements may include any number of conven-
tional guiding devices, including but limited to those
employed in cardiology. By way of example only, the guide
element is shown as a guide wire 22. According to the present
invention, the “over-the-wire” guide mechanism 16 provides
the ability to selectively guide the blood pump 12 and cannula
14 to a predetermined position in the circulatory system of a
patient, such as the trans-valvular position shown.

To accomplish this, the guide wire 22 is first introduced
into the vascular system of a patient through any suitable
access point, such as through the use of the well known
Seldinger technique. The guide wire 22 can then be advanced
within the patient to a desired location within the circulatory
system of the patient. This may be done using the control
features of the guide wire 22 itself, or may be facilitated
through the use of any number of supplemental guidance
mechanisms or techniques to ensure the proper and efficient
placement of the guide wire 22. Such supplemental guidance
techniques may include, but are not necessarily limited to,
guide catheters and/or techniques involving ultra-sound or
flouroscopy. Once the guide wire 22 is positioned at the
desired location (such as in left ventricle as shown), the blood
pump 12 and cannula 14 may thereafter be advanced along
the guide wire 22 and positioned in the trans-valvular con-
figuration shown. Under the operation of the motor assembly
20, the blood pump 12 may be used for left-heart assist by
selectively withdrawing blood from the left ventricle
(through the interior of the cannula 14) for delivery outward
through outflow apertures formed in the blood pump 12. This
outflow from the blood pump 12 flows along the exterior of
the drive cable assembly 18 in a substantially axial fashion for
arterial coupler 24 and, as will be described in greater detail
below, a purge fluid distribution throughout the body.

Referring to FIGS. 2-5, an exemplary embodiment of the
intravascular blood pump system 10 of FIG. 1 will now be
described. As shown in FIG. 2, the intravascular blood pump
system 10 includes a motor delivery system 26 for providing
a two-way fluid flow within the drive cable assembly 18
during pump operation. The purge fluid delivery system 26
includes a fluid inlet conduit 28 for introducing pressurized
purge fluid from a fluid source (not shown) for delivery into
the blood pump 12, and a fluid outlet conduit 30 to withdraw
a return flow of purge fluid from the blood pump 12. The
motor coupler 24 establishes a mechanical connection
between a motor (not shown) and a drive cable (not shown)
for providing motive force to the blood pump 12 for pump
operation. The drive cable assembly 18 includes a drive cable
sheath 32 which, in addition to serving a purge fluid delivery
function, also serves as a protective housing for the drive
cable (not shown). Although shown in broken form for clarity,
it will be appreciated that the drive cable assembly 18 (and all
components thereof) may be provided in any suitable length
sufficient for intravascular applications. That is to say, the
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length of the drive cable assembly 18 must be enough to reach
between the motor coupler 24 and purge fluid delivery system
26, located outside the patient, and the desired location within
the patient’s circulatory system where the blood pump 12 is to
be positioned.

The intravascular blood pump 12 is shown (by way of
example only) as an axial flow intravascular blood pump. The
blood pump 12 includes pump body 34, a rotor shroud 36
having flow ports 38, and an internally disposed rotor (not
shown) having a shaft rotatably disposed within the pump
body 34 and an impeller rotatably disposed within the rotor
shroud 36. The cannula 14 is fixedly attached to the rotor
shroud 36 and nay extend any suitable length therefrom
depending upon the particular intravascular application. The
cannula 14 preferably includes a plurality of ports or fenes-
trations 40 about its distal region, as well as an end port 42,
which allow for the ingress or egress of blood into or from the
cannula 14 depending upon the operation of the blood pump
12. That is to say, if the pump 12 is configured for left-heart
assist as shown in FIG. 1, then the ports 40, 42 will allow the
ingress of blood into the cannula 14 from the left ventricle. If,
on the other hand, the blood pump 12 is configured for right-
heart assist (i.e. with the pump 12 in the right atrium and the
distal end of the cannula 14 located within the pulmonary
artery), then the ports 40, 42 will allow the egress of blood
from the cannula 14 into the pulmonary artery. (Details on
right-heart assist applications will be discussed in greater
detail below.) The pump 12 and cannula 14 may be dimen-
sioned to any suitable diameter for intravascular applications.
For example, the range of sizes may include, but is not nec-
essarily limited to, 9 French to 30 French, although the range
is more preferably from 14 French to 24 French, and most
preferably from 18 French to 20 French.

The “over-the-wire” type guide mechanism 16 includes the
guide wire 22 and, as will be explained in greater detail below,
a central lumen extending through the cannula 14, blood
pump 12, drive cable assembly 18, purge fluid delivery sys-
tem 26, and motor coupler 24. As noted above, the central
lumen is dimensioned to slideably receive the guide wire 22
such that the blood pump 12 and cannula 14 may be slideably
advanced along the guide wire 22 to a desired location within
the circulatory system of a patient after the guide wire 22 has
been so positioned using conventional guidance techniques.
It is to be readily understood that, while shown as a conven-
tional guide wire 22, the guide element forming part of the
guide mechanism 16 of the present invention nay include any
number of well known guidance mechanisms depending
upon the application, including but not limited to balloon
catheters, imaging wires, and guide catheters dimensioned to
be slideably received through the central lumen. For example,
although not appropriate for retrograde progression (such as
the left-heart application shown in FIG. 1), a balloon catheter
may be a suitable guidance mechanism for a right-heart assist
application. In such a case, the balloon may be inflated and
used as a “sail” to direct the catheter to a desired location
(such as the pulmonary artery), after which point the blood
pump 12 and cannula 14 can be advanced over the catheter to
a trans-valvular configuration with the blood pump 12 in the
right atrium and the ports 38, 40 of the cannula 14 in the
pulmonary artery.

FIGS. 3 and 4 further detail the construction of the blood
pump 12, cannula 14, drive cable assembly 18, and “over-the-
wire” guide mechanism 16. The blood pump 12 includes a
rotor 44 having a shaft 46 and an impeller 48. The shaft 46 is
rotatably disposed within the pump body 34 via a bearing
pack comprising, by way of example, ball bearing assemblies
50, 52 and spring 54. Ball bearings assemblies 50, 52 are well
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known in the art, each comprising an inner race which rotates
along with the rotor shaft 46, an outer race which remains in
a static and fixed position against the inner surface of the
pump body 34, and a plurality of ball bearings disposed
between the inner and outer races. The spring 54 biases each
bearing assembly 50, 52 axially away from one another to
reduce axial play during pump operation. The shaft 46 is
generally hollow and dimensioned to receive a cable adapter
60 therein for the purpose of coupling the rotor 44 to a drive
cable 62 forming part of the drive cable assembly 18. The
drive cable 62 may be secured to the cable adapter 60 in any
number of suitable fashions, including but not limited to the
use of adhesives, crimping, and laser welding. These same
techniques may be used to secure the cable adapter 60 within
the shaft 46 of the rotor 44. A radial seal 64 is provided in
between the wall of the pump body 34 and a distal stepped
region 66 on the rotor shaft 46, the function of which will be
described below.

The impeller 48 includes a hub 56 and a plurality of blades
58 extending therefrom. The hub 56 is generally conical and,
according to the first broad aspect of the present invention, is
hollow throughout to form part of the central lumen of the
guide mechanism 16. In this regard, the hub 56 is preferably
provided with a gasket or seal member 68 at its distal tip. The
seal member 68 may be made of any suitable sealing material
(including but not limited to silicone) such that the pump 12
and cannula 14 may be easily progressed along the guide wire
22 for delivery to a desired circulatory site. The seal member
68 should also be robust enough to prevent the ingress of
blood into the interior of the rotor hub 56 during pump opera-
tion, whether the guide wire 22 remains in place or is fully
withdrawn. The blades 58 are dimensioned to reside in close
tolerance with the interior surface of the shroud 36. In opera-
tion, the blades 58 impart both an axial and radial vector on
the blood which causes it to flow outward through the flow
ports 38 formed in the shroud 36. As used herein, the term
“axial flow” is deemed to include flow characteristics like that
shown in FIG. 3, which include both an axial and slight radial
component. It is to be readily appreciated that, although
shown as an axial flow type, blood pump 12 may comprise
any number of suitable types of intravascular blood pumps,
including but not limited to so-called “mixed flow” intravas-
cular blood pumps without departing from the scope of the
present invention.

The cannula 14 is coupled at its proximal end to the rotor
shroud 36. This may be accomplished in any number of
fashions, including but not limited to the use of adhesives.
This may also be facilitated by dimensioning the shroud 36 to
include a narrow inlet region 70 capable of being received
flushly within the proximal end of the cannula 14. The inlet
region 70 of the shroud 36 should preferably have a tapered
interior surface for establishing a smooth flow transition
between the cannula 14 and the region containing the impeller
blades 58. Although shown as a single integral element, itis to
be understood that the pump body 34 and shroud 36 may
comprise two separate (and sometimes separable) compo-
nents, the significance of which will become apparent below.
The pump body 34 and shroud 36 may be constructed from
any number of suitable materials, including but not limited to
stainless steel or other medical grade compositions or alloys.
The cannula 14 may also be constructed from any number of
suitable materials, including but not limited to medical grade
plastics. As shown, the cannula 14 may also be fortified with
spiral-wound reinforcement wire 72 within the walls of the
cannula 14.

The drive cable assembly 18 includes the drive cable 62
and the drive cable sheath 32. The drive cable 62 is coupled to
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the rotor 44 via the cable adapter 60. The drive cable sheath 32
includes a central lumen 74 and a plurality of side lumens 76.
The central lumen 74 serves as a protective covering for the
drive cable 62. The central lumen 74, along with the side
lumens 76, also forms part of the purge fluid delivery system
26 shown above in FIG. 2, which will be described in greater
detail below. The side lumens 76 are provided in fluid com-
munication with the fluid inlet conduit 28, while the central
lumen 74 is provided in fluid communication with the fluid
outlet conduit 30. The side lumens 76 are thus configured to
deliver purge, fluid into the pump 12, while the central lumen
74 is configured to transport purge fluid away from the pump
12 along the length of the drive cable 62.

The pressurized purge fluid within the side lumens 76 may
take one of two flow paths upon entry into the pump 12. One
flow path passes through the interior of the pump 12 and
onward past the radial seal 64 to prevent the ingress of blood
into the pump body 34 during pump operation. More specifi-
cally, the purge fluid flows distally around the cable adapter
60, through the ball bearing assemblies 50, 52, and onward
past the radial seal 64. This egress of purge fluid past the radial
seal 64 can be controlled to effectively thwart the ingress of
blood past the radial seal 64, which might otherwise cause
clotting and/or pump damage. The other flow path is directed
back out the central lumen 74 for delivery to the fiuid outlet
conduit 30. In so doing, this flow path bathes the components
of the pump 12 and/or drive cable 62 and thereby reduces
frictional heating within the pump 12 and/or the central
lumen 74 of the sheath 32 during pump operation.

The “over-the-wire” guide mechanism 16 includes a cen-
tral lumen through which the guide wire 22 may extend for
the purpose of slideably advancing the blood pump 12 and
cannula 14 into a desired position within the circulatory sys-
tem of a patient. In the embodiment shown, this central lumen
is established by forming and co-aligning the individual cen-
tral lumens within each of the drive cable 62, the cable adapter
60, the shaft 46 and hub 56 of the rotor 44, and the cannula 14.
In this regard, the drive cable 62 is preferably of wound-wire
construction having a central lumen formed therein. The cen-
tral lumens within the cable adapter 60, rotor 44, and gasket
68 may be formed via machining or molding processes. These
central lumens should preferably be sized such that they
permit the slideable passage of the pump 12 and cannula 14
therealong, but do not interfere with or constrain the guide
wire 22 to cause inadvertent rotation of the guide wire 22
during pump operation. As noted above, it is also contem-
plated to remove the guide wire 22 after the pump 12 and
cannula 14 are properly positioned in the patient. In this case,
the gasket or seal 68 on the hub 56 should be robust enough to
reseal after the guide wire 22 is withdrawn and prevent the
ingress of blood into the interior of the rotor 44.

Referring to FIG. 5, the motor coupler 24 includes a hous-
ing 78, a drive shaft adapter 80, and a bearing assembly 82.
The drive shaft adapter 80 includes a drive shaft coupler 84
dimensioned to receive a drive shaft of a motor (not shown),
and a drive cable coupler 86 dimensioned to receive the drive
cable 62. Any of a variety of attachment techniques may be
employed to securely fasten the drive cable 62 to the drive
cable coupler 86, including but not limited to adhesives,
crimping, and laser welding. The drive shaft adapter 80 is
rotatably disposed within the housing 78 by the bearing
assembly 82. The bearing assembly 82 includes a sleeve 88
(which may alternatively be formed as an integral part of the
housing 78) for retaining a pair of ball bearing assemblies 90,
92 and a spring 94 of the type described above. That is, each
bearing assembly 90, 92 generally comprises an inner race
which rotates along with the drive shaft adapter 80, an outer
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race which remains in a static and fixed position against the
inner surface of the retaining sleeve 88, and a plurality of ball
bearings disposed between the inner and outer races. The
spring 94 is provided to bias each bearing assembly 90, 92
axially away from one another to reduce axial play during
operation.

The purge fluid delivery system 26 includes a housing 96
having a central lumen 98, an inflow port 100, and an outflow
port 102. The housing 96 is also dimensioned to matingly
receive a portion of the motor coupler 24. In this regard, a seal
element 104 is provided sandwiched in between the housing
96 and housing 78 and including an aperture which extends
about the drive shaft adapter 80 as it exits the housing 78 to
prevent the ingress of purge fluid into the motor coupler 24. A
fluid guide structure 106 is also provided within the central
lumen 98 for the purpose of separating the inflow and outflow
ports 100, 102. The fluid guide structure 106 includes a cen-
tral lumen 108 through which the drive cable 62 extends, and
an elevated portion 110 that retains an O-ring 112 against the
inner surface of the central lumen 98 of the housing 96. The
drive cable sheath 32 is secured to the housing 96 such that the
inflow port 100 is communicatively coupled to the side
lumens 76, and the outflow port 102 is communicatively
coupled to the central lumen 74. In this fashion, pressurized
purge fluid may be introduced through the inflow port 100 via
inflow conduit 28, and removed through the outflow port 102
via outflow conduit 30. By way of example, the inflow con-
duit 28 and outflow conduit 30 may be coupled to their
respective ports 100, 102 via barbed connectors 114. Simi-
larly, the inflow and outflow conduits 28, 30 may be equipped
with any number of suitable connectors (such as those illus-
trated by way of example in FIG. 2) for establishing fluid
communication with a source of pressurized fluid (not
shown). The pressurized fluid source (not shown) may
include, but is not necessarily limited to, the use of a syringe,
an indeflator, a fluid delivery pump, or an accumulator
arrangement to provide the requisite delivery of pressurized
fluid. The purge fluid delivery system 26 thus provides a
two-way transmission of purge fluid within the drive cable
sheath 32 for the purposes of cooling the blood pump 12 and
preventing the ingress of blood past the radial seal 64 and into
blood pump 12.

Referring to FIG. 6, shown is a guidable intra-vascular
blood pump system 120 according to a second broad aspect of
the present invention. As will be described hereinafter, the
intravascular blood pump system 120 differs from the intra-
vascular blood pump system 10 described above only as to the
type of guide mechanism employed. In the interest of clarity
and consistency, then, like reference numerals will be used to
denote like elements and distinctions pointed out where nec-
essary. Moreover, due to the commmonality of principles
employed in both intravascular blood pump systems 10, 120,
adiscussion to the level of detail set forth above is not deemed
necessary with regard to the intravascular blood pump system
120. Instead, those aspects in common with the intravascular
blood pump 10 are hereby incorporated into the discussion of
the intravascular blood pump system 120.

In its most general form, the intravascular blood pump
system 120 of this second broad aspect of the present inven-
tion comprises the blood pump 12 and cannula 14 arrange-
ment, wherein the cannula 14 is equipped with a “side-rigger”
or “rapid exchange” guide mechanism 122. In an important
aspect of the present invention, the “rapid exchange” or “side-
rigger” guide mechanism 122 includes a guide carriage 124
formed along at least a portion of the cannula 14, and a
suitable guide element (such as guide wire 22) dimensioned
to pass slidably through a lumen (not shown) extending
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through the guide carriage 124. The “rapid exchange” guide
mechanism 122 thereby provides the ability to selectively
guide the blood pump 12 and cannula 14 to a predetermined
position in the circulatory system of a patient in the manner
described above. Namely, the guide wire 22 may be first
introduced into the vascular system of a patient through any
suitable access point and guided to a desired location within
the circulatory system of the patient, i.e. the left ventricle as
shown. The blood pump 12 and cannula 14 may thereafter be
advanced along the guide wire 22 and positioned in the trans-
valvular configuration shown for providing left-heart assist.

FIGS. 7-9 further illustrate the “side-rigger” or “rapid-
exchange” guide mechanism 122 of this second broad aspect
of the present invention. In a preferred embodiment, the
“side-rigger” guide mechanism 122 includes a lumen 126
formed within the guide carriage 124. The guide carriage 124
is preferably formed as an integral extension of the wall of the
cannula 14. FIGS. 7 and 8 comport with the embodiment
shown in FIG. 6, namely illustrating the guide carriage 124
formed along the exterior surface of the cannula 14. FIG. 9
illustrates an alternate embodiment wherein the guide car-
riage 124 may be formed along the interior surface of the
cannula 14. In either case, the guide wire 22 is advanced to a
desired location in the vasculature of the patient, after which
point the blood pump 12 and cannula 14 can be slidably
advanced therealong for delivery to the desired location
according to the present invention. The guide wire 22 may
thereafter be withdrawn from the patient. Ifthe guide carriage
124 is formed along the exterior surface of the cannula 14 (as
shown in FIGS. 7-8), then the cannula 14 should preferably be
positioned so that the guide carriage 124 does not extend in a
trans-valvular fashion. For example, with reference to FIG. 6,
the guide carriage 124 should be positioned wholly within the
left ventricle such that the pulsatile blood flow during beating
heart procedures will not inadvertently pass through the side
lumen 126 and pass through the aortic valve.

The intravascular blood pump system 120 is constructed in
virtually the same manner as the intravascular blood pump
system 10 shown and described above, with the exception of
the location of the respective guide mechanisms 16, 122.
More specifically, because the guide mechanism 122 is dis-
posed along the side of the cannula 14, there is no need to
form a central lumen extending through the blood pump 12,
drive cable assembly 18, purge fluid delivery system 26, and
motor coupler 24 as detailed above with regard to the intra-
vascular blood pump system 10. As such, these components
need not be specially. machined or molded to include such
central lumens as was required with the intravascular blood
pump system 10 set forth above.

Referring to FIG. 10, shown is a guidable intravascular
blood pump system 130 according to a third broad aspect of
the present invention. Again, due to the commonality between
many of the same components and features of the intravascu-
lar blood pump systems described above and the intravascular
blood pump system 130, like reference numerals will be used
to denote like elements and distinctions pointed out where
necessary. As will be explained in greater detail below, the
intravascular blood pump system 130 employs yet another
unique and useful guide mechanism according to the present
invention. However, because many of the same components
are employed, a discussion to the level of detail set forth
above is not deemed necessary with regard to the intravascu-
lar blood pump system 130. Instead, those aspects in common
with the intravascular blood pumps described above are
hereby incorporated into the discussion of the intravascular
blood pump system 130.
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In its most general form, the intravascular blood pump
system 130 of this third broad aspect of the present invention
comprises the blood pump 12 and cannula 14 arrangement,
wherein a “guide catheter” 132 is provided as the guide
mechanism for positioning the pump 12 and cannula 14 at a
desired location within the circulatory system of the patient.
More specifically, with brief reference to FIG. 12, the intra-
vascular blood pump system 130 is formed in two separate
assemblies according to the present invention: a conduit
assembly 134 and pump assembly 136. In its most basic form,
the conduit assembly 134 comprises the guide catheter 132
and cannula 14 coupled to the. Rotor shroud 35. The pump
assembly 136 is constructed such that the pump body 34 and
rotor 44 can be disengaged from the rotor shroud 36 and
removed entirely from the conduit assembly 134. Referring
again to FIG. 10, this dual construction forms a significant
feature of the present invention because it provides the ability
to form the blood pump 12 at a desired location in a patient
using two separate and distinct steps. The first step involves
positioning the conduit assembly 134 (with the pump assem-
bly 136 removed) within a patient such that the shroud 36 and
cannula 14 are each disposed in a desired location, such as a
trans-valvular configuration for cardiac assist procedures. In
an important aspect, the task of positioning the conduit
assembly 134 within the patient may be advantageously
facilitated through the use of any number of well known
guidance mechanisms, including but not limited to guide
wires, balloon catheters, imaging wires, guide catheters, and/
or techniques involving ultra-sound or flouroscopy. The sec-
ond step in providing the intravascular blood pump system
130 of the present invention involves advancing the pump
assembly 136 through the conduit assembly 134 such that the
rotor 44 docks within the shroud 36 to form the pump 12 at the
desired location.

By way of clarification, the term “cannula” is used to
denote cannula 14 because it serves a primary purpose of
transporting fluid into the blood pump 12, whereas the term
“catheter” is used to denote the catheter 132 because it serves
a primary purpose of guiding or directing devices or compo-
nents (i.e. the pump assembly 136) to a desired location
within the body. It is to be readily understood, however, that
these terms are only used for convenience and in a general
fashion such that the cannula 14 may serve certain guiding
functions and the catheter 132 may serve certain fluid trans-
portation functions without departing from the scope of the
present invention. For example, the cannula 14 may be
equipped with dedicated lumens to receive various guide
mechanisms (such as guide wires, balloon catheters, selec-
tively, deformable elements such as Nitonol, etc). In similar
fashion, the guide catheter 132 may be used to transport fluid
to and/or from the patient, such as by providing apertures 138
along predetermined regions of the catheter 132.

FIG. 11 demonstrates a significant feature of the present
invention involving the use of the guide catheter 132 to trans-
port fluid to and/or from the patient. An optional perfusion
assembly 140 is provided as part of the intravascular blood
pump system 130 of the present invention. The perfusion
assembly 140 includes a conduit 142 in fluid communication
with the apertures 138, which in this case are formed near the
distal region of the guide catheter 132 a short distance down-
stream from the blood pump 12. In use, blood will pass along
the exterior of the guide catheter 132 for distribution through-
out the body, as well as within the interior of the guide
catheter 132 after passing into the apertures 138. The perfu-
sion assembly 140 may then be employed to selectively
reroute blood from within the guide catheter 132 to a point
within the patient’s vasculature downstream from the point
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where the guide catheter 132 enters the body. A hemostasis
valve assembly 146 of the perfusion assembly 140 permits the
drive cable assembly 18 to pass through to the purge fluid
delivery system 26 while preventing blood flow other than
into the perfusion assembly 140. A seal assembly 150 of the
purge fluid delivery system 26 permits the drive cable 62 to
pass through to the motor 20 while preventing the flow of
purge fluid other than into and from the purge fluid delivery
system 26. The perfusion assembly 140 includes a control
mechanism 148 for selectively controlling the distribution of
perfusion blood flow from the perfusion assembly 140 into
the patient. This control mechanism 148 may be automatic
based on certain feedback criteria or manually operated.

FIGS. 12-17 illustrate an exemplary construction of the
intravascular blood pump system 130 according to the third
broad aspect of the present invention. As shown in FIG. 12,
the conduit assembly 134 may be selectively disengaged so as
to remove the pump assembly 136 therefrom. According to
the present invention, the conduit assembly 134 may be intro-
duced (without the pump assembly 136) into the circulatory
system of a patient and selectively guided such that the rotor
shroud 36 and cannula 14 are positioned at a desired location.
The pump assembly 136 can thereafter be selectively intro-
duced into the conduit assembly 134. A challenge in such a
“back-loading” arrangement is ensuring that the pump
assembly 136 docks appropriately within the rotor shroud 36
and is maintained in proper engagement during operation of
the resulting pump 12.

An exemplary docking arrangement will now be described
with reference to FIG. 14. In a preferred embodiment, the
rotor 44 may be properly and accurately docked within the
shroud 36 by forming angled mating surfaces on correspond-
ing portions of the shroud 36 and pump body 34. More spe-
cifically, an angled mating surface may be formed on the
interior surface of the rotor shroud 36 along that portion
extending proximally from the flow aperture 38. A corre-
sponding angled mating surface may be provided along the
exterior surface of the pump body 34 along a distal portion
thereof. The mating surfaces shown in FIG. 14 may prefer-
ably be formed in the range from about 2 degrees to 10
degrees, and more preferably formed in the range from about
3 degrees to 6 degrees. Mating angles within these ranges are
adequate to guide the distal end of the pump body 34 to a point
generally flush with the proximal edge of the flow aperture 38
as shown in FIG. 14. In this fashion, the pump assembly 136
and the rotor shroud 36 combine to form the blood pump 12.
More importantly, this docking is carried out such that the
rotor 44 and rotor blades 58 are maintained in proper position
for efficient and safe pump operation.

An exemplary biasing scheme for maintaining the pump
assembly 136 in this docked relationship will now be
described with reference to FIGS. 12-13 and 16-17. The
conduit assembly 134 is preferably equipped with a male
quick-connect coupling 152 capable of engaging with a
female quick-connect coupling 154 forming part of the per-
fusion assembly 140 of the present invention. A bias spring
156 is provided in between the perfusion assembly 140 and
the housing 96 of the purge fluid delivery system 26. The bias
spring 156 is preferably dimensioned so as to be in tension
when the male quick-connect 152 is engaged within the
female quick-connect 154 as part of the docking process of
the present invention. As such, the bias spring 156 serves to
maintain the pump assembly 136 in the docked position
within the rotor shroud 36. The bias spring 156 may be
coupled to the housing 96 of the purge fluid delivery system
26 in any number of suitable fashions. One such coupling
arrangement may comprise a female quick-connect coupling
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158 attached to the housing 96 and a male quick-connect
coupling 160 attached to the bias spring 156.

An exemplary embodiment of the perfusion assembly 140
is shown with reference to FIGS. 12-13 and 17. The perfusion
assembly 140 shown includes the hemostasis valve 146
coupled to the female quick-connect coupling 154. A length
of tubing 162 extends between the opposing barb connectors
of the hemostasis valve 146 and the female quick-connect
coupling 154. A continuous lumen is formed extending
through the interior of the male quick-connect coupling 152,
the female-quick-connect coupling 154, the tubing 162, and
the hemostasis valve 146. The drive cable assembly 18
extends through this continuous lumen and exits through a
Touehy-Borst hemostasis seal 164 which prevents the migra-
tion of blood out of the proximal end of the perfusion assem-
bly 140. A side-port 166 is disposed in fluid communication
with the central lumen of the perfusion assembly 140. In one
embodiment, this side-port 166 may be equipped with a con-
duit 168 having a stop-cock 170 to selectively control the
distribution of blood through a perfusion conduit (i.e. conduit
142 of FIG. 11) coupled to the stop-cock 170. It will be
appreciated that this type of manual control system for selec-
tively perfusing the patient may be replaced with control
circuitry for automatically controlling the rate of perfusion.
Such automatic perfusion may be based on control algorithms
based on contemporaneous feedback or pre-programmed
thresholds.

The foregoing discussion details a host of inventive aspects
forming part of the present invention. It will be appreciated by
those skilled in the art that changes could be made to the
embodiments described above without departing from the
broad inventive concepts thereof. The following evidences,
by way of example only, various additional aspects forming
part of the present invention.

FIG. 18 illustrates an alternate configuration of the intra-
vascular blood pump system 130 of the third broad aspect of
the present invention having an alternate bearing assembly,
purge fluid delivery, and docking scheme. The bearing assem-
bly includes a seal spring 182 and a bearing assembly 180.
The bearing assembly 180 includes an inner race 184, an
outer race 186, and a plurality of balls 188 which enable the
inner race 184 to rotate along with the rotor shaft 46 while the
outer race 186 remains in a static and fixed position relative to
an inner surface of the pump body 34. An O-ring 190 is
disposed within a groove formed in the rotor shaft 46 so as to
maintain the bearing assembly 180 against the seal spring
182. The O-ring 190 is further secured within the groove in
the rotor shaft 46 via a contoured lip portion extending from
the distal end of the cable adapter 60. The proximal end of the
cable adapter 60 flushly engages the drive cable 62.

The purge fluid delivery system of the embodiment shown
in FIG. 18 provides for a one way delivery of purge fluid to the
blood pump 12. That is, pressurized fluid (namely, fluid pres-
surized to some level elevated above the blood pressure in the
surrounding vessel) is injected in between the drive cable 62
and the interior of the protective sheath 32 during operation.
This serves to reduce any frictional heating that exists
between the drive cable 62 and sheath 32. The pressurized
fluid also flows through the interior of the pump 12 such that,
if the seal at 192 is broken, the pressurized fluid will flow past
the open seal 192 and onward through the blood flow ports 38
formed in the shroud 36. This serves to keep blood from
entering the pump 12 in an effort to avoid clotting and/or
damaging the pump 12.

The pump assembly 136 may be docked within the conduit
assembly 134 in any number of different fashions without
departing from the scope of the present invention. That is to
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say, the docking scheme shown in FIG. 18 is set forth by way
ofexample only and is not to be deemed limiting or restrictive
as to numerous ways to temporarily engage or “dock” the
pump assembly 136 within the conduit assembly 134. The
only requirement is that the pump assembly 136 and conduit
assembly 134 dock such that the rotor 44 is disposed within
the shroud 36 to provide the desired axial flow through the
cannula 14 and out the shroud 36. The exemplary docking
scheme involves forming an annular engagement groove 194
along the interior of the shroud 36, and forming a comple-
mentary annular ridge 196 along the exterior surface of the
pump body 34. During insertion, the pump assembly 136 will
be advanced into the conduit assembly 134 until the annular
ridge 196 on the pump body 34 engages within the groove 194
formed in the shroud 36. This docking scheme is generally
advantageous in that the engagement action between the
annular ridge 196 and groove 194 will provide tactile feed-
back to the physician during the process of inserting the pump
assembly 136 into the conduit assembly 134 such that the
physician will be able to determine when the docking has
been completed.

As will be appreciated by those skilled in the art, the
location of the annular ridge 196 and engagement groove 194
may be varied such that they are disposed closer or farther
away from the flow apertures 38. It may be advantageous to
form these docking structures close to the flow apertures 38 in
an effort to thwart the ingress of blood into the junction
extending between the interior of the shroud 36 and the exte-
rior surface of the pump body 34. It is also contemplated to
employ selectively inflatable structures, such as balloons, in
an effort to temporarily engage or dock the pump assembly
136 within the conduit assembly 134. In this regard, one or
more lumens may be formed within the pump body 34
extending from the interior of the pump body 34 in fluid
communication with a balloon disposed along the exterior
surface of the pump body 34. The pressurized fluid flowing
within the interior of the pump body 34 may then be used to
inflate the balloon, which will then engage within an annular
groove in the shroud 36, such as at 194. Of course, the engage-
ment structures may also be reversed without departing from
the scope of the present invention. For example, the shroud 36
may be equipped with a fluid delivery lumen therein for
inflating a balloon disposed on the interior surface of the
shroud 36, which may in turn be disposed within an annular
engagement groove formed along the exterior surface of the
pump body 34.

While this invention has been shown in use largely in
during left-heart applications it is to be readily appreciated
that this does not limit the applications of this invention for
use in left heart support only. Rather, the guidable intravas-
cular blood pump of the present invention can be utilized in
right-heart support applications and a wide variety of other
applications apparent to those skilled in the art. For example,
with reference to FIG. 19, shown is an intravascular blood
pump 200 (of the type shown and described above with ref-
erence to FIGS. 2-5) configured for use in a right-heart sup-
port application. In this embodiment, the intravascular blood
pump system 200 is equipped, by way of example, with an
“over-the-wire” guide mechanism 16 comprising a balloon
catheter 202. It is to be readily appreciated that, although
shown and described below in terms of an embodiment of the
type shown in FIGS. 2-5, the intravascular blood pump sys-
tems 120, 130 disclosed herein may also be configured foruse
in right-heart applications. Such right-heart configurations,
and others apparent to those skilled in the art based on the
broad principles enumerated in this application, are contem-
plated as being within the scope of the present invention.
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The intravascular blood pump system 200 is shown posi-
tioned within the heart, such as may be advantageous to
provide right heart support during beating heart surgery. To
position the guidable intravascular blood pump system 200 in
the right heart according to the present invention, a suitable
guide element (such as balloon catheter 202) is first advanced
to a desired location within the heart via the ““sail” action of an
inflated balloon. After the balloon catheter 202 is located in
the desired position (such as in the pulmonary artery as
shown), the intravascular blood pump system 200 according
to the present invention may be advanced over the balloon
catheter 202 and guided into a desired arrangement. For right
heart support, this would involve advanced into the pump 12
and cannula 14 overt the balloon catheter 202 until the fluid
inlet 204 is disposed within the vena cava (or right atrium) and
the fluid outlet 206 is positioned within the pulmonary artery.
The pump 12 may then be selectively (i.e. automatically or
on-demand) controlled to transport blood from the vena cava
(or right atrium) in a trans-valvular fashion through the tri-
cuspid valve, the right ventricle, and the pulmonary valve for
deposit within the pulmonary artery. Providing right-heart
support during beating heart surgery advantageously over-
comes conditions where cardiac output may become compro-
mised during beating heart surgery, such as when the heart is
lifted to gain access to posterior vessels, thereby avoiding the
need for cardiopulmonary bypass.

It is also contemplated as part of the present invention that
the guidable intravascular blood pump systems can be intro-
duced into the patient’s vasculature to achieve the intravas-
cular access into the right or left heart through any number of
access points, including but not limited to the internal jugular
vein, the brachiocephalic vein, carotid artery, axillary artery,
femoral vein, femoral artery, and subclavian artery. The intra-
vascular blood pump systems of the present invention may
also be introduced via direct introduction, such as into the
aorta, the atria, and the ventricles. As is well known in the art,
such intravascular access may be achieved percutaneously
through the use of the Seldinger technique or directly through
the use of minimally invasive access techniques.

Those skilled in the art will also appreciate that, although
shown and described above in terms of “axial flow,” the
present invention is not limited to the axial flow type intra-
vascular blood pumps. Rather, the intravascular blood pumps
12 may comprise any number of suitable types of intravascu-
lar blood pumps, including but not limited to so-called
“mixed flow” intravascular blood pumps, without departing
from the scope of the present invention.

With regard to the embodiments shown in FIGS. 10-17, it
is furthermore contemplated that the guide catheter 132 may
be separable from the conduit assembly 134 after the pump
assembly 136 is docked within the shroud 36 to form the
pump 12 at the desired location within the circulatory system
of the patient. This may be accomplished by providing the
guide catheter 132 in a detachable fashion via any number of
suitable arrangements. By removing the guide catheter 132
after the pump 12 assembled, wound management of the
access point into the patient’s vasculature may be improved.
This is due, in part, to the substantial reduction in size of the
device extending into the patient (i.e. the drive cable assembly
18 as opposed to the larger diameter guide catheter 132).

It is also contemplated to incorporate various pressure
sensing and/or guidability features into at least one of the
cannula, 14 and pump 12. Such features may include, but are
not necessarily limited to, those shown and described in com-
monly-owned and co-pending U.S. patent application Ser.
No. 09/280,988 (filed Mar. 30, 1999) entitled “Steerable Can-
nula,” and U.S. patent application Ser. No. 09/280,970 (filed
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Mar. 30, 1999) entitled “Pressure Sensing Cannula,” the dis-
closures of which are hereby expressly incorporated by ref-
erence as if set forth herein in their entirety. These pressure
sensing features may include, but are not necessarily limited
to, the use of fluid-filled lumens, piezo-electric pressure sens-
ing elements, strain gauges, and analysis of the torque/current
relationship (based on the dynamic pressure differential
between the inlet and outlet of the pump). The guidability
features may include, but are not necessarily limited to, the
use of side lumens and deformable materials (i.e. Nitonol).
Various pump and cannula arrangements have been
described and shown above for providing right and/or left
heart support wherein blood is deliberately re-routed through
and past the right and/or left ventricle in an effort to reduce the
volume of blood to be pumped by the particular ventricle.
While “unloading” the ventricles in this fashion is preferred
in certain instances, it is to be readily understood that the
pump and cannula arrangements described herein may also
be employed to “preload” the ventricles. Ventricular preload-
ing may be accomplished by positioning the outflow cannula
from the pump into a given ventricle such that the pump may
be employed to fill or preload the ventricle with blood. This
may be particularly useful with the right ventricle. On occa-
sion, the right ventricle is not supplied with sufficient levels of
blood from the right atrium such that, upon contraction, the
right ventricle delivers an insufficient quantity of blood to the
pulmonary artery. This may result when the right ventricle
and/or right atrium are in a stressed or distorted condition
during surgery. Preloading overcomes this problem by
actively supplying blood into the right ventricle, thereby
facilitating the delivery of blood into the pulmonary artery.
The same technique can be used to preload the left ventricle
and thus facilitate the delivery of blood from the left ventricle
into the aorta.
What is claimed is:
1. An intravascular blood pump system, comprising:
an intravascular blood pump comprising:
arotor having a rotor hub tapering in the distal direction,
at least one blade extending radially outward from the
rotor hub, the hub has a distal end extending distally
beyond the most distal portion of the blade and

a shroud within which the rotor is rotatably disposed;

a cannula extending from the shroud and comprising an
outer cannula surface, the outer cannula surface having
a substantially circular cross-section along a portion of
its length;

a first lumen in fluid communication with the intravascular
blood pump and operatively arranged to deliver purge
fluid to the intravascular blood pump; and

a guide mechanism configured as a second lumen having a
proximal end and a distal end, the guide mechanism
adapted to guide a distal portion of said intravascular
blood pump system to a predetermined location within
the circulatory system of a patient;

wherein an axis coaxial with and extending through a por-
tion of said guide mechanism extends through a region
delimited by the outer cannula surface, and wherein the
guide mechanism is configured to allow for a guide wire
to slideably advance therealong.

2. The intravascular blood pump system of claim 1,
wherein the rotor comprises a second blade extending radi-
ally from the rotor hub.

3. The intravascular blood pump system of claim 1,
wherein the rotor hub is generally conical.

4. The intravascular blood pump system of claim 1,
wherein the guide mechanism is configured such that the
guide wire passes through the region delimited by the outer
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cannula surface at a location proximal to where the guide wire
establishes slidable contact with the guide mechanism.

5. The intravascular blood pump system of claim 1, further
comprising a guide catheter, wherein the guide catheter is
configured to facilitate the placement of the guide wire into
the heart.

6. The intravascular blood pump system of claim 1, further
comprising:

an elongate catheter extending proximally with respect to
the intravascular blood pump; and
a blood pressure detection mechanism comprising a

fluid column disposed within the catheter and config-
ured to detect the pressure of the blood proximate the
intravascular blood pump.

7. The intravascular blood pump system of claim 1,
wherein the cannula is operatively arranged to bend at a
location between distal and proximal ends thereof.

8. The intravascular blood pump system of claim 1, further
comprising a first conduit and a second conduit, at least one of
the first conduit or the second conduit terminating in a fitting
that is configured to be located outside a patient when the
intravascular blood pump and cannula are located inside the
patient, at least one of the first conduit and second conduit in
fluid communication with the first lumen.

9. The intravascular blood pump system of claim 1,
wherein a distal end of the cannula is open in order to enable
the guide wire to pass axially through the distal end of the
cannula.

10. An intravascular blood pump system comprising:

an intravascular blood pump comprising a rotor having a
rotor hub tapering in the distal direction, at least one
blade extending radially outward from the rotor hub, the
intravascular blood pump coupled to a catheter on a
proximal end and a cannula on a distal end;

a first set and a second set of apertures establishing fluid
communication between an interior of the cannula and
an exterior region of the cannula, wherein the first set of
apertures is located in proximity to the rotor and the
second set of apertures is spaced apart from and located
distal to the first set of apertures towards a distal region
of the cannula;

a guide mechanism configured as an elongate lumen and
adapted to guide said intravascular blood pump, can-
nula, and catheter to a predetermined location within the
circulatory system of a patient; and

a blood pressure detection mechanism comprising a fluid
column configured to detect the pressure of the blood
proximate the intravascular blood pump;

wherein the elongate lumen is sized substantially smaller
than an inner diameter of the cannula and intravascular
blood pump; and

a guide wire arranged to be advanced along the lumen,
wherein the lumen is arranged coaxially with at least one
of a distal end or a proximal end of the cannula, and the
cannula and the lumen are arranged in series longitudi-
nally.

11. The intravascular blood pump system of claim 10,

wherein the cannula is reinforced with a spiral wire.

12. The intravascular blood pump system of claim 10,
further comprising a guide wire and a guide catheter, wherein
the guide catheter is configured facilitate the placement of the
guide wire through the vasculature into the heart.

13. The intravascular blood pump system of claim 10,
wherein the rotor comprises a second blade extending radi-
ally from the rotor hub.

14. The intravascular blood pump system of claim 10,
wherein the cannula comprises an outer cannula surface hav-

20

25

30

45

55

60

65

20

ing a substantially circular cross-section along a portion of its
length, the distal region of the outer cannula surface is distally
tapered about its circumference.

15. The intravascular blood pump system of claim 10,
further comprising a plurality of egress flow ports disposed in
a shroud of the intravascular blood pump, and a plurality of
ingress flow ports disposed at a location spaced apart from
and distal to the egress flow ports.

16. The intravascular blood pump system of claim 15,
wherein the ingress flow ports comprise an end port located at
the cannula distal end and a plurality of ports located about
the cannula and proximal to the end port.

17. The intravascular blood pump system of claim 10,
wherein the first set of apertures are egress ports and the
second set of apertures are ingress ports, and wherein the
egress ports are configured to direct blood passing through the
interior of the cannula and towards the rotor in a direction that
is both proximal and radially outward with respect to the rotor
hub.

18. The intravascular blood pump system of claim 10,
wherein the central lumen extends through the cannula and
blood pump.

19. The intravascular blood pump system of claim 10,
wherein the lumen of the central lumen is proximal to the
cannula.

20. The intravascular blood pump system of claim 10,
wherein the cannula is operatively arranged to bend at a
location between distal and proximal ends thereof.

21. The intravascular blood pump system of claim 10,
wherein the distal end of the cannula is open to enable the
guide wire to pass axially through the distal end of the can-
nula.

22. An intravascular blood pump system configured to be
advanced to a predetermined location in a patient’s circula-
tory system, the intravascular blood pump system compris-
ing:

an intravascular blood pump, the intravascular blood pump
comprising a rotor having a generally conical rotor hub
tapering in the distal direction, at least two blades
extending radially from the rotor hub, the generally
conical rotor hub having a distal tip extending distally
beyond the blades;

a cannula extending distally from the intravascular blood
pump;

a plurality of ingress ports located towards the proximal
region of the cannula and a plurality of egress ports
located in proximity to the blood pump such that move-
ment of fluid proximally through an interior region of the
cannula is steered towards the egress ports;

a guide wire having a cross-section substantially smaller
than the cannula;

and

an elongate lumen having a luminal interior sized (i)
smaller than an inside diameter of the cannula and (ii)
sufficiently large enough to accommodate the guide wire
when the guide wire is advanced therealong, wherein the
lumen is arranged coaxially with respect to at least one
of a distal end or a proximal end of the cannula, and the
lumen and the cannula are arranged in series longitudi-
nally.

23. The intravascular blood pump system of claim 22,

wherein the lumen is proximal with respect to the cannula.

24. The intravascular blood pump system of claim 22,
wherein the distal end of the cannula is open to enable the
guide wire to pass axially through the distal end of the can-
nula.
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14/543,815 Walid N. ABOUL-HOSN
Notice Requiring Inventor’s Oath or
Declaration Fxaminer [Art Unit
MARCETICH, ADAM M 3761

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).

An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each
inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR
1.64, executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or
substitute statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is
paid. See 35 U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:

INFORMAL ACTION PROBLEMS
* A properly executed inventor's oath or declaration has not been received for the following inventor(s): Walid
N. ABOUL-HOSN, William R. KANZ, and Bruce A. BAKER.
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and
Fee(s) Due, PTOL-85, is mailed.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office
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The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/543,815 ABOUL-HOSN ET AL.
. o= i i AlA (First Inventor to
Notice of Allowability /Eg:;“l'\‘ﬂzrmeﬁch Q;‘mu'"t File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 10 September 2015.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [] An election was made by the applicant in response to a resttiction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 24-45. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
nitpwww.usplo.cov/patents/init_events/pphfindex.jsp or send an inquiry to EPHisedback@uspto.aoy .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[J Some *c) [] None of the:
1. [ Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[ including changes required by the attached Examiners Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application humber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [ Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [[] Examiner's Comment Regarding Requirement for Deposit 7. [] Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/Adam Marcetich/
Primary Examiner, Art Unit 3761

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150921
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EXAMINER’S COMMENT / AMENDMENT / REASONS FOR ALLOWANCE
Notice of Pre-AIA or AlA Status
The present application is being examined under the pre-AlA first to invent
provisions.
Examiner’s Comment
The amended paragraph filed 10 September 2015 is acceptable and has been

entered.

Terminal Disclaimer
The terminal disclaimer filed on 10 September 2015 disclaiming the terminal
portion of any patent granted on this application which would extend beyond the
expiration date of Aboul-Hosn; Walid N. et al. (US 8888728) has been reviewed and is

accepted. The terminal disclaimer has been recorded.

Examiner’'s Amendment
An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner's amendment was given in a telephone interview

with Kirk D. Swenson on Tuesday, 22 September 2015.
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Claims 27, 40 and 41 are amended as follows. [[Deletions are in double
brackets]] and additions are undetlined. Ellipsis ... designates unchanged portions of

claims which have been omitted for brevity.

27. (Currently Amended) The method of claim 24, wherein the rotor comprises a
second blade extending radially from the rotor hub and the [[rotar]] rotor hub is
generally conical.

40. (New) The method of claim 25, wherein the [[central]]_elongate lumen
extends centrally through the cannula and blood pump.

41. (New) The method of claim 25, wherein the elongate lumen [[of the central

lumen]] is proximal to the cannula.

Allowable Claims
Claims 24-45 are allowed.
Reasons for Allowance
Applicant’s arguments filed 10 September 2015 regarding Aboul-Hosn have been

considered and are persuasive. Examiner advances additional reasons for allowance.

Sammler; Rolf et al. (US 6544216), the closest art of record, discloses an

intracardiac blood pump and method of using (col. 1, lines 3-7; col. 3, lines 16-22, blood

pump 10), comprising:
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() an intravascular blood pump comprising a rotor, tapered rotor hub, blade and
shroud (col. 3, lines 20-24, drive section 11 and a pump section 12 as described in
Siess; Thorsten et al. (WO 9737696 A1));

(i) a cannula extending from the shroud and comprising an outer cannula surface
(col. 3, lines 36-44, Figs. 1, 2, pump hose 14).

However, Sammler lacks several critical feature of the invention. Sammler lacks
both a first lumen arranged to deliver purge fluid, and a guide mechanism configured as
an elongate lumen. Significantly, Sammler relies on the motor-driven pump of Siess to
move blood through vessels (Siess, Figs. 2, 3). Since the motor of Siess occupies the
entire cross-section of the lumen, no space remains for a lumen to pass a guide wire or

purge fluid.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to:
Tel 571-272-2590

Fax 571-273-2590
Email Adam.Marcetich@uspto.gov

The Examiner can be reached 8:00am to 4:00pm Monday through Friday.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Tatyana Zalukaeva can be reached on 571-272-1115. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Adam Marcetich/
Primary Examiner, Art Unit 3761
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AMENDMENT AND
RESPONSE

Address to:

Mail Stop: Amendment
Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

Attorney Docket

06-01506US05

Confirmation No. 9742

First Named Inventor | Walid N. ABOUL-HOSN
Application Number 14/543,815

Filing Date November 17, 2014

Group Art Unit 3761

Examiner Name MARCETICH, ADAM M

Title Guidable Intravascular Blood Pump

and Related Methods

AMENDMENT IN RESPONSE TO THE OFFICE ACTION OF AUGUST 17, 2015

Sir:

In response to the non-final Office Action mailed from the U.S. Patent and Trademark

application identified above as follows.

Office on August 17, 2015 with respect to the above-captioned application, please amend the

Other than the excess claim fees provided herewidth and any fees associated with the

06-01506US05.

Amendments to the Specification begin on page 2.

Amendments to the Claims begin on page 3.

Remarks/Arguments begin on page 9.

terminal disclaimer, no additional fees are believed to be due in association with this filing. If,
however, any additional fees are required, the Commissioner is hereby authorized to charge any
underpayment of fees associated with this communication, including any necessary fees for

extensions of time, or credit any overpayment to Deposit Account No. 04-0170, order number
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AMENDMENTS TO THE SPECIFICATION:

Please amend the paragraph beginning on page 1, line 3 of the specification as follows:

This application is a continuation of co-pending U.S. Patent Application Serial No.
12/772,810, filed May 3, 2010_(now U.S. Patent No. 8,888.728), which is a continuation of U.S.
Patent Application Serial No. 11/375,926, filed March 15, 2006 (now U.S. Patent No. 7,731,675,

issued June 8, 2010), which is a divisional of U.S. Patent Application Serial No. 10/070,178,
filed July 19, 2002, (now U.S. Patent No. 7,022,100, issued April 4, 2006) which is a U.S.
National Stage Entry of International Patent Application No. PCT/US00/24515 filed September
1, 2000, which claims the benefit of provisional U.S. Patent Application Serial No. 60/152,249

filed September 3, 1999, all of which are hereby incorporated by reference in their entireties.
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AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions and listings of claims in the
application:

1 - 23. (Cancelled)

24, (Previously Presented) A method for perfusing a patient with an intravascular
blood pump system, the intravascular blood pump system comprising (i) an intravascular blood
pump comprising a rotor having a rotor hub tapering in the distal direction, at least one blade
extending radially outward from the rotor hub, the hub having a distal end extending distally
beyond the most distal portion of the blade and a shroud within which the rotor is rotatably
disposed; (ii) a cannula extending from the shroud and comprising an outer cannula surface, the
outer cannula surface having a substantially circular cross-section along a portion of its length;
(iii) a first lumen in fluid communication with the intravascular blood pump and operatively
arranged to deliver purge fluid to the intravascular blood pump; and (iv) a guide mechanism
configured as a second lumen having a proximal end and a distal end, the guide mechanism
adapted to guide a distal portion of said intravascular blood pump system to a predetermined
location within the circulatory system of a patient, wherein an axis coaxial with and extending
through a portion of said guide mechanism extends through a region delimited by the outer
cannula surface, and wherein the guide mechanism is configured to allow for a guide wire to
slideably advance therealong, the method comprising the steps of:

progressing a guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump system along the guide wire to the predetermined location.
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25. (Previously Presented) A method for perfusion a patent with an intravascular
blood pump system, the intravascular blood pump system comprising (i) an intravascular blood
pump comprising a rotor having a rotor hub tapering in the distal direction and at least one blade
extending radially outward from the rotor hub, the intravascular blood pump coupled to a
catheter on a proximal end and a cannula on a distal end; (ii) a first set and a second set of
apertures establishing fluid communication between an interior of the cannula and an exterior
region of the cannula, wherein the first set of apertures is located in proximity to the rotor and
the second set of apertures is spaced apart from and located distal to the first set of apertures
towards a distal region of the cannula; (iii) a guide mechanism configured as an elongate lumen
and adapted to guide said intravascular blood pump, cannula, and catheter to a predetermined
location within the circulatory system of a patient; and (iv) a blood pressure detection
mechanism comprising a fluid column configured to detect the pressure of the blood proximate
the intravascular blood pump; wherein the elongate lumen (a) is sized substantially smaller than
an inner diameter of the cannula and intravascular blood pump; (b) is arranged coaxially with at
least one of a distal end or a proximal end of the cannula, and (c) is arranged in series
longitudinally with the cannula: the method comprising:

advancing a guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump system along the guide wire to the predetermined location.

26. (Currently Amended) A method for perfusion a patent with an intravascular
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blood pump system, the intravascular blood pump system is configured to be advanced to a
predetermined location in a patient’s circulatory system and comprises (i) an intravascular blood
pump, the intravascular blood pump comprising a rotor having a generally conical rotor hub
tapering in the distal direction, at least two blades extending radially from the rotor hub, the
generally conical rotor hub having a distal tip extending distally beyond the blades; (ii) a cannula
extending distally from the intravascular blood pump; (iii) a plurality of ingress ports located
towards the preximal-distal region of the cannula and a plurality of egress ports located in
proximity to the blood pump such that movement of fluid proximally through an interior region
of the cannula is steered towards the egress ports; (iv) a guide wire having a cross-section
substantially smaller than the cannula; and (v) an elongate lumen, the elongate lumen (a) having
a luminal interior sized smaller than an inside diameter of the cannula and sufficiently large
enough to accommodate the guide wire when the guide wire is advanced therealong, (b) arranged
coaxially with respect to at least one of a distal end or a proximal end of the cannula, and (c)
arranged in series longitudinally with the cannula, the method comprising:

advancing the guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump along the guide wire to the predetermined location.

27. (New) The method of claim 24, wherein the rotor comprises a second blade

extending radially from the rotor hub and the rotar hub is generally conical.

28. (New) The method of claim 24, wherein a distal end of the cannula is open in

order to enable the guide wire to pass axially through the distal end of the cannula.
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29. (New) The method of claim 24, wherein the guide mechanism is configured such
that the guide wire passes through the region delimited by the outer cannula surface at a location

proximal to where the guide wire establishes slidable contact with the guide mechanism.

30. (New) The method of claim 24, wherein the second lumen has an inner diameter
along a portion of its length that is substantially smaller than an outer diameter of the outer
cannula surface, and the lengh of the second lumen is substantially longer than the inner diameter

of the second lumen.

31. (New) The method of claim 24, further comprising a guide catheter, wherein the

guide catheter is configured to facilitate the placement of the guide wire into the heart.

32. (New) The method of claim 24, further comprising:
an elongate catheter extending proximally with respect to the intravascular blood pump;
and a blood pressure detection mechanism comprising a fluid column disposed within the

catheter and configured to detect the pressure of the blood proximate the intravascular blood

pump.

33. (New) The method of claim 24, wherein the cannula is operatively arranged to

bend at a location between distal and proximal ends thereof.

34. (New) The method of claim 24, further comprising a first conduit and a second
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conduit, at least one of the first conduit or the second conduit terminating in a fitting that is
configured to be located outside a patient when the intravascular blood pump and cannula are
located inside the patient, at least one of the first conduit and second conduit in fluid

communication with the first lumen.

35. (New) The method of claim 25, further comprising a guide wire and a guide
catheter, wherein the guide catheter is configured to facilitate the placement of the guide wire

through the vasculature into the heart.

36. (New) The method of claim 25, wherein the cannula comprises an outer cannula
surface having a substantially circular cross-section along a portion of its length, and the cannula

is reinforced with a spiral wire.

37. (New) The method of claim 25, further comprising a plurality of egress flow
ports disposed in a shroud of the intravascular blood pump, and a plurality of ingress flow ports

disposed at a location spaced apart from and distal to the egress flow ports.

38. (New) The method of claim 37, wherein the ingress flow ports comprise an end
port located at the cannula distal end and a plurality of ports located about the cannula and

proximal to the end port.

39. (New) The method of claim 25, wherein the first set of apertures are egress ports

and the second set of apertures are ingress ports, and wherein the egress ports are configured to
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direct blood passing through the interior of the cannula and towards the rotor in a direction that is

both proximal and radially outward with respect to the rotor hub.

40. (New) The method of claim 25, wherein the central lumen extends through the

cannula and blood pump.

41. (New) The method of claim 25, wherein the lumen of the central lumen is

proximal to the cannula.

42. (New) The method of claim 25, wherein the cannula is operatively arranged to

bend at a location between distal and proximal ends thereof.

43, (New) The method of claim 25, wherein the distal end of the cannula is open to

enable the guide wire to pass axially through the distal end of the cannula.

44. (New) The method of claim 26, wherein the lumen is proximal with respect to the
cannula.
45. (New) The method of claim 26, wherein the distal end of the cannula is open to

enable the guide wire to pass axially through the distal end of the cannula.
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Description

Field of the Invention

[0001] The presentinvention relates generally to blood
pumps and, more particularly, to an improved intra-vas-
cular blood pump having a guide mechanism which pro-
vides the ability to selectively guide the intravascular
pump to a desired location within a patient’s circulatory
system.

Description of Related Art

[0002] Over the years, various types of blood pumps
have been developed for the purpose of augmenting or
replacing the blood pumping action of damaged or dis-
eased hearts. Blood pumps are commonly used in three
situations: (1) for acute support during cardio-pulmonary
operations; (2) for short-term support while awaiting re-
covery of the heart from surgery; or (3) as a bridge to
keep a patient alive while awaiting heart transplantation.
The pumps may be designed to provide right and/or left
ventricular assist, although left ventricle assist is the most
common application in that it is far more common for the
left ventricle to become diseased or damaged than it is
for the right ventricle.

[0003] Blood pumps must provide leak-free operation
and must avoid contamination of the fluid by the pump
components and the external environment. Such pumps
must also pump the fluid at a suitable rate without apply-
ing excessive Reynolds shear stress to the fluid. Itis well
known to those skilled in the art that lysis or cell destruc-
tion may result from application of shear stress to cell
membranes. Red blood cells are particularly susceptible
to shear stress damage as their cell membranes do not
include a reinforcing cytoskeleton to maintain cell shape.
Lysis of white blood cells and platelets also occurs upon
application of high shear stress. Lysis of red blood cells
can result in release of cell contents which trigger sub-
sequent platelet aggregation. Sublytic shear stress leads
to cellular alterations and direct activation and aggrega-
tion of platelets and white blood cells.

[0004] Intravascular blood pumps comprise miniatur-
ized blood pumps capable of being percutaneously or
surgically introduced into the vascular system of a pa-
tient, typically to provide left and/or right heart support.
One type of intravascular pump is an axial flow blood
pump comprising a cable-mounted rotor surrounded by
a protective shroud. The pump, along with the rotor and
shroud, are mounted at the end of an elongated flexible
catheter. The catheter is inserted into the aorta from a
remote entry point, such as an incision below the groin
that provides access into a femoral artery. The catheter
then passes through the descending aorta until itreaches
the ascending aorta, near the heart. The catheter device
encloses a rotating drive cable which is coupled to the
impeller blade at one end, and which emerges from the
exposed end of the catheter, near the patient’s groin, at
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the other end. When the exposed end of the drive cable
is mechanically rotated, using a device located outside
the patient’s body, it conveys the rotational force through
the length of the catheter, causing the impeller to spin at
high speed near the heart. This type of blood pump finds
particular application in providing ventricular assist dur-
ing surgery or providing temporary bridging support to
help a patient survive a crisis.

[0005] While generally effective in providing ventricular
assisting functions, prior art intravascular blood pumps
nonetheless suffer various drawbacks. A significant
drawback is that prior art intravascular blood pumps are
difficult to guide into the appropriate position within the
circulatory system of a patient. This is due largely to the
fact that the elongated catheter is incapable of providing
the degree of control necessary to easily negotiate the
pump through the tortuous pathways leading up to and
into the heart. When attempting to place the blood pump
in a trans-valvular configuration (with the inlet in the left
ventricle and the pump outletin the ascending aorta), the
natural tendency of the catheter to stay straight may
cause the pump to be inadvertently placed in the carotid
ostia, which can be dangerous if the pump is operated
to withdraw blood from the brain.

[0006] To overcome these difficulties, certain guide
mechanisms may be employed to assist the physician
placing the pump in the appropriate position within the
circulatory system. One type of supplemental guide
mechanism is a guide catheter. Guide catheters are de-
signed with certain guidability characteristics such that
physicians can selectively position them within the vas-
culature or heart with relative ease. A central lumen is
provided within the guide catheter such that the intravas-
cular pump may be introduced therein and guided while
itis advanced towards the predetermined circulatory site.
While generally effective at providing a guiding feature
for such intravascular blood pumps, employing such sup-
plemental guide mechanisms is nonetheless disadvan-
tageous in that they consume valuable space within the
vessels. Aguide catheter, forexample, would necessarily
be larger in diameter than the diameter of the pump and
protective shroud in order to provide adequate passage
ofthose components. As will be appreciated, this restricts
the amount of space available for blood to flow within the
particular vessel, and increases the size of the required
puncture wound for accessing the vessel.

[0007] DE 196 22 335 discloses a balloon catheter
comprising a catheter hose, a balloon support connected
to the catheter hose and an expandable balloon carried
on the balloon support. A small diameter pump is dis-
posed between the catheter hose and the balloon support
for pumping blood.

[0008] WO 89/05164 discloses an inflow cannula for
retrograde insertion of the blood intake for an intravas-
cular blood pump through the aortic valve. The cannula
comprises a stiff body section adapted to be attached at
its trailing end to the intake of the blood pump and a
substantially soft, flexible, resilient tip section at the lead-
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ing end of the body section.

[0009] EP-A-0,916,359 discloses a cannula device for
use on the inflow end of an implantable heart pump.
[0010] The present invention is directed at eliminating
and/or reducing the effects of the foregoing drawbacks
of prior art intravascular blood pumps.

Summary of the Invention

[0011] The presentinvention provides an intravascular
blood pump system for ventricular assist according to
claim 1.

[0012] The present invention overcomes the draw-
backs of the prior art by providing an improved intravas-
cular blood pump equipped with integrated features for
selectively guiding the intravascular blood pump to a pre-
determined location in the patient’s circulatory system,
i.e. heart and/or vasculature. In so doing, the intravascu-
lar blood pump of the present invention eliminates the
need for supplemental guiding mechanisms, such as a
separate, large diameter guide catheter as used in the
prior art.

[0013] In a first broad aspect of the present invention,
anintravascular blood pump system is provided compris-
ing an intravascular blood pump having a cannula cou-
pled thereto and an "over-the-wire" type guide mecha-
nism for selectively positioning the intravascular blood
pump and cannula at a predetermined location within the
circulatory system of a patient. To accomplish this, a cen-
tral lumen is formed through at least a portion of the in-
travascular blood pump system such that a guide wire
may be progressed therethrough and advanced to the
predetermined location in the circulatory system of the
patient. After the guide wire is advanced to this desired
location, the intravascular blood pump and cannula may
thereafter be advanced along the guide wire to the de-
sired location.

[0014] In a second broad aspect of the present inven-
tion, an intravascular blood pump system is provided
comprising an intravascular blood pump having a can-
nula coupled thereto and a "side-rigger" or "rapid ex-
change" type guide mechanism for selectively position-
ing the intravascular blood pump and cannula at a pre-
determined location within the circulatory system of a pa-
tient. To accomplish this, a side lumen is formed along
a length of at least one of the intravascular blood pump
and the cannula. A guide guide wire may be advanced
to the predetermined location in the circulatory system
of the patient. After the guide wire is advanced to this
desired location, the intravascular blood pump and can-
nula may thereafter be advanced along the guide wire to
the desired location.

[0015] Inafurtherembodiment, theintravascular blood
pump includes a rotor, a shroud for receiving the rotor,
and a drive cable coupled to the rotor for driving the rotor
within the shroud.

[0016] In a further embodiment, the cannulais coupled
to the shroud of the intravascular blood pump.
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[0017] Ina further embodiment, the drive cable sheath
is provided having a central lumen for receiving the drive
cable, and wherein a purge fluid delivery system is cou-
pled to the drive cable sheath to deliver purge fluid to the
rotor.

[0018] In a further embodiment, the drive cable sheath
includes at least one side lumen for delivering the purge
fluid towards the rotor.

[0019] In a further embodiment, a portion of the purge
fluid is delivered through the at least one side lumen and
past the rotor, and a portion of purge fluid is rerouted
back from the rotor through the central lumen of the drive
cable.

[0020] A blood pressure detection mechanism is pro-
vided to detect the pressure of the blood proximate at
least one of the intravascular blood pump and cannula.
[0021] The blood pressure detection mechanism com-
prises a fluid filled column, e.g., disposed within at least
a portion of the cannula.

[0022] In a further embodiment, the guide wire is dis-
posed at least partially within the cannula.

[0023] In a further embodiment, the guide wire is for
passage through a side lumen formed in the cannula.
[0024] In a further embodiment, the guide element
comprises a selectively deformable element disposed at
least partially within the cannula.

[0025] Theintravascular blood pump and cannula may
be selectively advanced to the predetermined location
within the vasculature of the patient by first passing the
guide wire to the predetermined location and thereafter
sliding the intravascular blood pump and cannula along
the guide wire to the predetermined location.

[0026] In a further embodiment, the guide wire is for
passage through a lumen extending through the drive
cable and rotor.

[0027] Theintravascular blood pump and cannula may
be selectively advanced to the predetermined location
within the vasculature of the patient by first passing the
guide wire to the predetermined location and thereafter
sliding the intravascular blood pump and cannula along
the guide wire to the predetermine location.

[0028] In a further embodiment, the guide element
comprises a guide wire and a balloon catheter.

Brief Description of the Drawings

[0029] Many advantages of the present invention will
be apparent to those skilled in the art with a reading of
this specification in conjunction with the attached draw-
ings, wherein like reference numerals are applied to like
elements and wherein:

FIG. 1 is a partial sectional view of a human heart
illustrating an intravascular blood pump system hav-
ing an "over-the-wire" type guide mechanism ac-
cording to a first broad aspect of the present inven-
tion positioned, by way of example, in a trans-valvu-
lar configuration to provide left-heart assist;
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FIG. 2is side view of the guidable intravascular blood
pump system of the type shown in FIG. 1 including
a motor coupler and purge fluid delivery system ac-
cording to an exemplary embodiment of the present
invention;

FIG. 3 is a cross-sectional view illustrating an exem-
plary construction of the blood pump, drive cable as-
sembly, and cannula of the intravascular blood pump
system according to the first broad aspect of the
present invention;

FIG. 4 is a cross-sectional view taken along lines 4-4
of FIG. 3 illustrating an exemplary construction of
the drive cable assembly and guide mechanism ac-
cording to the first broad aspect of the present in-
vention;

FIG. 5is a cross-sectional view illustrating an exem-
plary construction of the motor coupler and purge
fluid delivery system according to the first broad as-
pect of the present invention;

FIG. 6 is a partial sectional view of a human heart
illustrating an intravascular blood pump system hav-
ing a "rapid exchange" or "side-rigger" type guide
mechanism according to a second broad aspect of
the presentinvention positioned, by way of example,
in a trans-valvular configuration to provide left-heart
assist;

FIG.7 is side view of the guidable intravascular blood
pump system of the type shown in FIG. 6 including
a motor coupler and purge fluid delivery system ac-
cording to an exemplary embodiment of the present
invention;

FIG. 8 is a cross-sectional view taken along lines 8-8
of FIG. 7 illustrating the "side-rigger" or "rapid ex-
change"type guide mechanism according to the sec-
ond broad aspect of the present invention;

FIG. 9 is a cross-sectional view of the type shown in
FIG. 8 illustrating an alternate configuration of the
guide mechanism according to the second broad as-
pect of the present invention, and

FIG. 10 is a partial sectional view of a human heart
illustrating an alternate intravascular blood pump
system having an "over-the-wire" type guide mech-
anism according to the first broad aspect of the
present invention positioned, by way of example, in
a trans-valvular configuration to provide right-heart
assist.

Detailed Description of the Invention

[0030] lllustrative embodiments of the invention are
described below. In the interest of clarity, not all features
of an actual implementation may be described in this
specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous
implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which will vary from one implementation to an-
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other. Moreover, it will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclo-
sure.

[0031] The presentinventioninvolves an intravascular
pump system for use in a number of broad ranging ap-
plications involving the augmentation of blood flow within
the circulatory system of a patient. As will be described
below, the intravascular blood pump system of the
present invention overcomes the drawbacks of the prior
art by providing a guide mechanism as part of the intra-
vascular blood pump. This advantageously allows the
intravascular blood pump to be selectively guided to a
predetermined location within the circulatory system of
a patient without the need for bulky supplemental guide
mechanisms, such as a separate guide catheter.
[0032] The intravascular pump assembly of the
present invention is particularly suited for trans-valvular
use, such as for left and/or right ventricular assist proce-
dures. By way of example only, such ventricular assist
procedures may be employed in cardiac operations in-
cluding, but not limited to, coronary bypass graft (CABG),
cardio-pulmonary bypass (CPB), open chest and closed
chest (minimally invasive) surgery, bridge-to-transplant
and/or failure-to-wean-from-bypass situations. It is to be
readily understood, however, that the intravascular blood
pump assembly and methods of the present invention
are notto be limited to such applications. Moreover, while
illustrated and described largely with reference to left-
heart assist applications, it is to be readily understood
that the principles of the present invention apply equally
with regard to right-heart assist application, which are
contemplated as within the scope of the present inven-
tion. These and other variations and additional features
will be described throughout.

[0033] Referring to FIG. 1, shown is a guidable intra-
vascular blood pump system 10 according to a first broad
aspectofthe presentinvention shown, by way of example
only, in a left-heart assist configuration within a human
heart. The system 10 includes an intravascular blood
pump 12, a cannula 14, and an "over-the-wire" type guide
mechanism 16. A drive cable assembly 18 and a motor
assembly 20 are provided to drive the intravascular blood
pump 12. The "over-the-wire" guide mechanism 16 com-
prises a suitable guide element dimensioned to pass
slideably through a central lumen extending through the
drive cable 18, blood pump 12, and cannula 14. The guide
element is shown as a guide wire 22. According to the
present invention, the "over-the-wire" guide mechanism
16 provides the ability to selectively guide the blood pump
12 and cannula 14 to a predetermined position in the
circulatory system of a patient, such as the trans-valvular
position shown.

[0034] To accomplish this, the guide wire 22 is first
introduced into the vascular system of a patient through
any suitable access point, such as through the use of the
well known Seldinger technique. The guide wire 22 can
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then be advanced within the patient to a desired location
within the circulatory system of the patient. This may be
done using the control features of the guide wire 22 itself,
or may be facilitated through the use of any number of
supplemental guidance mechanisms or techniques to
ensure the proper and efficient placement of the guide
wire 22. Such supplemental guidance techniques may
include, but are not necessarily limited to, guide catheters
and/or techniques involving ultra-sound or fluoroscopy.
Once the guide wire 22 is positioned at the desired loca-
tion (such as in left ventricle as shown), the blood pump
12 and cannula 14 may thereafter be advanced along
the guide wire 22 and positioned in the trans-valvular
configuration shown. Under the operation of the motor
assembly 20, the blood pump 12 may be used for left-
heart assist by selectively withdrawing blood from the left
ventricle (through the interior of the cannula 14) for de-
livery outward through outflow apertures formed in the
blood pump 12. This outflow from the blood pump 12
flows along the exterior of the drive cable assembly 18
in a substantially axial fashion for arterial distribution
throughout the body.

[0035] Referring to FIGS. 2-5, an exemplary embodi-
ment of the intravascular blood pump system 10 of FIG.
1 will now be described. As shown in FIG. 2, the intra-
vascular blood pump system 10 includes a motor coupler
24 and, as will be described in greater detail below, a
purge fluid delivery system 26 for providing a two-way
fluid flow within the drive cable assembly 18 during pump
operation. The purge fluid delivery system 26 includes a
fluid inlet conduit 28 for introducing pressurized purge
fluid from a fluid source (not shown) for delivery into the
blood pump 12, and a fluid outlet conduit 30 to withdraw
a return flow of purge fluid from the blood pump 12. The
motor coupler 24 establishes a mechanical connection
between a motor (not shown) and a drive cable (not
shown) for providing motive force to the blood pump 12
for pump operation. The drive cable assembly 18 in-
cludes a drive cable sheath 32 which, in addition to serv-
ing a purge fluid delivery function, also serves as a pro-
tective housing for the drive cable (not shown). Although
shown in broken form for clarity, it will be appreciated
that the drive cable assembly 18 (and all components
thereof) may be provided in any suitable length sufficient
for intravascular applications. That is to say, the length
of the drive cable assembly 18 must be enough to reach
between the motor coupler 24 and purge fluid delivery
system 26, located outside the patient, and the desired
location within the patient’s circulatory system where the
blood pump 12 is to be positioned.

[0036] The intravascular blood pump 12 is shown (by
way of example only) as an axial flow intravascular blood
pump. The blood pump 12 includes pump body 34, a
rotor shroud 36 having flow ports 38, and an internally
disposed rotor (not shown) having a shaft rotatably dis-
posed within the pump body 34 and an impeller rotatably
disposed within the rotor shroud 36. The cannula 14 is
fixedly attached to the rotor shroud 36 and may extend
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any suitable length therefrom depending upon the par-
ticular intravascular application. The cannula 14 prefer-
ably includes a plurality of ports or fenestrations 40 about
its distal region, as well as an end port 42, which allow
for the ingress or egress of blood into or from the cannula
14 depending upon the operation of the blood pump 12.
That is to say, if the pump 12 is configured for left-heart
assist as shown in FIG. 1, then the ports 40, 42 will allow
the ingress of blood into the cannula 14 from the left ven-
tricle. If, on the other hand, the blood pump 12 is config-
ured for right-heart assist (i.e. with the pump 12 in the
right atrium and the distal end of the cannula 14 located
within the pulmonary artery), then the ports 40, 42 will
allow the egress of blood from the cannula 14 into the
pulmonary artery. (Details on right-heart assist applica-
tions will be discussed in greater detail below.) The pump
12 and cannula 14 may be dimensioned to any suitable
diameter for intravascular applications. For example, the
range of sizes may include, but is not necessarily limited
to, 3 to 10 mm (9 French to 30 French), although the
range is more preferably from 4.7 to 8 mm (14 French to
24 French), and most preferably from 6 to 6.7 mm (18
French to 20 French).

[0037] The "over-the-wire" type guide mechanism 16
includes the guide wire 22 and, as will be explained in
greater detail below, a central lumen extending through
the cannula 14, blood pump 12, drive cable assembly
18, purge fluid delivery system 26, and motor coupler 24.
As noted above, the central lumen is dimensioned to
slideably receive the guide wire 22 such that the blood
pump 12 and cannula 14 may be slideably advanced
along the guide wire 22 to a desired location within the
circulatory system of a patient after the guide wire 22 has
been so positioned using conventional guidance tech-
niques. It is to be readily understood that, while shown
as a conventional guide wire 22, imaging wires may be
used.

[0038] FIGS. 3 and 4 further detail the construction of
the blood pump 12, cannula 14, drive cable assembly
18, and "over-the-wire" guide mechanism 16. The blood
pump 12 includes a rotor 44 having a shaft 46 and an
impeller 48. The shaft 46 is rotatably disposed within the
pump body 34 via a bearing pack comprising, by way of
example, ball bearing assemblies 50, 52 and spring 54.
Ball bearings assemblies 50, 52 are well known in the
art, each comprising an inner race which rotates along
with the rotor shaft 46, an outer race which remains in a
static and fixed position against the inner surface of the
pump body 34, and a plurality of ball bearings disposed
between the inner and outer races. The spring 54 biases
each bearing assembly 50, 52 axially away from one an-
other to reduce axial play during pump operation. The
shaft 46 is generally hollow and dimensioned to receive
a cable adapter 60 therein for the purpose of coupling
the rotor 44 to a drive cable 62 forming part of the drive
cable assembly 18. The drive cable 62 may be secured
to the cable adapter 60 in any number of suitable fash-
ions, including but not limited to the use of adhesives,
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crimping, and laser welding. These same techniques
may be used to secure the cable adapter 60 within the
shaft 46 of the rotor 44. A radial seal 64 is provided in
between the wall of the pump body 34 and a distal
stepped region 66 on the rotor shaft 46, the function of
which will be described below.

[0039] Theimpeller48includesahub 56 and a plurality
ofblades 58 extending therefrom. The hub 56 is generally
conical and, according to the first broad aspect of the
presentinvention, is hollow throughout to form part of the
central lumen of the guide mechanism 16. In this regard,
the hub 56 is preferably provided with a gasket or seal
member 68 at its distal tip. The seal member 68 may be
made of any suitable sealing material (including but not
limited to silicone) such that the pump 12 and cannula
14 may be easily progressed along the guide wire 22 for
delivery to a desired circulatory site. The seal member
68 should also be robust enough to prevent the ingress
of blood into the interior of the rotor hub 56 during pump
operation, whether the guide wire 22 remains in place or
is fully withdrawn. The blades 58 are dimensioned to re-
side in close tolerance with the interior surface of the
shroud 36. In operation, the blades 58 impart both an
axial and radial vector on the blood which causes it to
flow outward through the flow ports 38 formed in the
shroud 36. As used herein, the term "axial flow" is
deemed to include flow characteristics like that shown in
FIG. 3, which include both an axial and slight radial com-
ponent. It is to be readily appreciated that, although
shown as an axial flow type, blood pump 12 may com-
prise any number of suitable types of intravascular blood
pumps, including but not limited to so-called "mixed flow"
intravascular blood pumps without departing from the
scope of the present invention.

[0040] The cannula 14 is coupled at its proximal end
to the rotor shroud 36. This may be accomplished in any
number of fashions, including but not limited to the use
of adhesives. This may also be facilitated by dimension-
ing the shroud 36 to include a narrow inlet region 70 ca-
pable of being received flushly within the proximal end
of the cannula 14. The inlet region 70 of the shroud 36
should preferably have a tapered interior surface for es-
tablishing a smooth flow transition between the cannula
14 and the region containing the impeller blades 58. Al-
though shown as a single integral element, it is to be
understood that the pump body 34 and shroud 36 may
comprise two separate (and sometimes separable) com-
ponents, the significance of which will become apparent
below. The pump body 34 and shroud 36 may be con-
structed from any number of suitable materials, including
but not limited to stainless steel or other medical grade
compositions or alloys. The cannula 14 may also be con-
structed from any number of suitable materials, including
but not limited to medical grade plastics. As shown, the
cannula 14 may also be fortified with spiral-wound rein-
forcement wire 72 within the walls of the cannula 14.
[0041] The drive cable assembly 18 includes the drive
cable 62 and the drive cable sheath 32. The drive cable
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62 is coupled to the rotor 44 via the cable adapter 60.
The drive cable sheath 32 includes a central lumen 74
and a plurality of side lumens 76. The central lumen 74
serves as a protective covering for the drive cable 62.
The central lumen 74, along with the side lumens 76,
also forms part of the purge fluid delivery system 26
shown above in FIG. 2, which will be described in greater
detail below. The side lumens 76 are provided in fluid
communication with the fluid inlet conduit 28, while the
central lumen 74 is provided in fluid communication with
the fluid outlet conduit 30. The side lumens 76 are thus
configured to deliver purge fluid into the pump 12, while
the central lumen 74 is configured to transport purge fluid
away from the pump 12 along the length of the drive cable
62.

[0042] The pressurized purge fluid within the side lu-
mens 76 may take one of two flow paths upon entry into
the pump 12. One flow path passes through the interior
of the pump 12 and onward past the radial seal 64 to
prevent the ingress of blood into the pump body 34 during
pump operation. More specifically, the purge fluid flows
distally around the cable adapter 60, through the ball
bearing assemblies 50, 52, and onward past the radial
seal 64. This egress of purge fluid past the radial seal 64
can be controlled to effectively thwart the ingress of blood
past the radial seal 64, which might otherwise cause clot-
ting and/or pump damage. The other flow path is directed
back out the central lumen 74 for delivery to the fluid
outlet conduit 30. In so doing, this flow path bathes the
components of the pump 12 and/or drive cable 62 and
thereby reduces frictional heating within the pump 12
and/or the central lumen 74 of the sheath 32 during pump
operation.

[0043] The "over-the-wire" guide mechanism 16 in-
cludes a central lumen through which the guide wire 22
may extend for the purpose of slideably advancing the
blood pump 12 and cannula 14 into a desired position
within the circulatory system of a patient. In the embod-
iment shown, this central lumen is established by forming
and co-aligning the individual central lumens within each
of the drive cable 62, the cable adapter 60, the shaft 46
and hub 56 of the rotor 44, and the cannula 14. In this
regard, the drive cable 62 is preferably of wound-wire
construction having a central lumen formed therein. The
central lumens within the cable adapter 60, rotor 44, and
gasket 68 may be formed via machining or molding proc-
esses. These central lumens should preferably be sized
such that they permit the slideable passage of the pump
12 and cannula 14 therealong, but do not interfere with
or constrain the guide wire 22 to cause inadvertent rota-
tion of the guide wire 22 during pump operation. As noted
above, it is also contemplated to remove the guide wire
22 after the pump 12 and cannula 14 are properly posi-
tioned in the patient. In this case, the gasket or seal 68
on the hub 56 should be robust enough to reseal after
the guide wire 22 is withdrawn and prevent the ingress
of blood into the interior of the rotor 44.

[0044] Referring to FIG. 5, the motor coupler 24 in-
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cludes ahousing 78, a drive shaft adapter 80, and a bear-
ing assembly 82. The drive shaft adapter 80 includes a
drive shaft coupler 84 dimensioned to receive a drive
shaft of a motor (not shown), and a drive cable coupler
86 dimensioned to receive the drive cable 62. Any of a
variety of attachment techniques may be employed to
securely fasten the drive cable 62 to the drive cable cou-
pler 86, including but not limited to adhesives, crimping,
and laser welding. The drive shaft adapter 80 is rotatably
disposed within the housing 78 by the bearing assembly
82. The bearing assembly 82 includes a sleeve 88 (which
may alternatively be formed as an integral part of the
housing 78) for retaining a pair of ball bearing assemblies
90, 92 and a spring 94 of the type described above. That
is, each bearing assembly 90, 92 generally comprises
an inner race which rotates along with the drive shaft
adapter 80, an outer race which remains in a static and
fixed position against the inner surface of the retaining
sleeve 88, and a plurality of ball bearings disposed be-
tween the inner and outer races. The spring 94 is provid-
ed to bias each bearing assembly 90, 92 axially away
from one another to reduce axial play during operation.
[0045] The purge fluid delivery system 26 includes a
housing 96 having a central lumen 98, an inflow port 100,
and an outflow port 102. The housing 96 is also dimen-
sioned to matingly receive a portion of the motor coupler
24. In this regard, a seal element 104 is provided sand-
wiched in between the housing 96 and housing 78 and
including an aperture which extends about the drive shaft
adapter80 as it exits the housing 78 to preventthe ingress
of purge fluid into the motor coupler 24. A fluid guide
structure 106 is also provided within the central lumen
98 for the purpose of separating the inflow and outflow
ports 100, 102. The fluid guide structure 106 includes a
central lumen 108 through which the drive cable 62 ex-
tends, and an elevated portion 110 that retains an O-ring
112 against the inner surface of the central lumen 98 of
the housing 96. The drive cable sheath 32 is secured to
the housing 96 such that the inflow port 100 is commu-
nicatively coupled to the side lumens 76, and the outflow
port 102 is communicatively coupled to the central lumen
74. In this fashion, pressurized purge fluid may be intro-
duced through the inflow port 100 via inflow conduit 28,
and removed through the outflow port 102 via outflow
conduit 30. By way of example, the inflow conduit 28 and
outflow conduit 30 may be coupled to their respective
ports 100, 102 via barbed connectors 114. Similarly, the
inflow and outflow conduits 28, 30 may be equipped with
any number of suitable connectors (such as those illus-
trated by way of example in FIG. 2) for establishing fluid
communication with a source of pressurized fluid (not
shown). The pressurized fluid source (not shown) may
include, but is not necessarily limited to, the use of a
syringe, an indeflator, a fluid delivery pump, or an accu-
mulator arrangement to provide the requisite delivery of
pressurized fluid. The purge fluid delivery system 26 thus
provides a two-way transmission of purge fluid within the
drive cable sheath 32 for the purposes of cooling the
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blood pump 12 and preventing the ingress of blood past
the radial seal 64 and into blood pump 12.

[0046] Referring to FIG. 6, shown is a guidable intra-
vascular blood pump system 120 according to a second
broad aspect of the present invention. As will be de-
scribed hereinafter, the intravascular blood pump system
120 differs from the intravascular blood pump system 10
described above only as to the type of guide mechanism
employed. In the interest of clarity and consistency, then,
like reference numerals will be used to denote like ele-
ments and distinctions pointed out where necessary.
Moreover, due to the commonality of principles employed
in both intravascular blood pump systems 10, 120, a dis-
cussion to the level of detail set forth above is not deemed
necessary with regard to the intravascular blood pump
system 120. Instead, those aspects in common with the
intravascular blood pump 10 are hereby incorporated into
the discussion of the intravascular blood pump system
120.

[0047] Inits mostgeneral form, the intravascular blood
pump system 120 of this second broad aspect of the
presentinvention comprises the blood pump 12 and can-
nula 14 arrangement, wherein the cannula 14 is equipped
with a "side-rigger" or "rapid exchange" guide mecha-
nism 122. In animportant aspect of the present invention,
the "rapid exchange" or "side-rigger" guide mechanism
122 includes a guide carriage 124 formed along at least
a portion of the cannula 14, and a guide wire 22 dimen-
sioned to pass slidably through a lumen (not shown) ex-
tending through the guide carriage 124. The "rapid ex-
change" guide mechanism 122 thereby provides the abil-
ity to selectively guide the blood pump 12 and cannula
14 to a predetermined position in the circulatory system
of a patient in the manner described above. Namely, the
guide wire 22 may be first introduced into the vascular
system of a patient through any suitable access point
and guided to a desired location within the circulatory
system of the patient, i.e. the left ventricle as shown. The
blood pump 12 and cannula 14 may thereafter be ad-
vanced along the guide wire 22 and positioned in the
trans-valvular configuration shown for providing left-
heart assist.

[0048] FIGS. 7-9 further illustrate the "side-rigger" or
"rapid-exchange" guide mechanism 122 of this second
broad aspect of the presentinvention. In a preferred em-
bodiment, the "side-rigger" guide mechanism 122 in-
cludes alumen 126 formed within the guide carriage 124.
The guide carriage 124 is preferably formed as anintegral
extension of the wall of the cannula 14. FIGS. 7 and 8
comport with the embodiment shown in FIG. 6, namely
illustrating the guide carriage 124 formed along the ex-
terior surface of the cannula 14. FIG. 9 illustrates an al-
ternate embodiment wherein the guide carriage 124 may
be formed along the interior surface of the cannula 14.
In either case, the guide wire 22 is advanced to a desired
location in the vasculature of the patient, after which point
the blood pump 12 and cannula 14 can be slidably ad-
vanced therealong for delivery to the desired location ac-
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cording to the present invention. The guide wire 22 may
thereafter be withdrawn from the patient. If the guide car-
riage 124 is formed along the exterior surface of the can-
nula 14 (as shown in FIGS. 7-8), then the cannula 14
should preferably be positioned so that the guide carriage
124 does not extend in a trans-valvular fashion. For ex-
ample, with reference to FIG. 6, the guide carriage 124
should be positioned wholly within the left ventricle such
that the pulsatile blood flow during beating heart proce-
dures will not inadvertently pass through the side lumen
126 and pass through the aortic valve.

[0049] The intravascular blood pump system 120 is
constructed in virtually the same manner as the intravas-
cular blood pump system 10 shown and described above,
with the exception of the location of the respective guide
mechanisms 16, 122. More specifically, because the
guide mechanism 122 is disposed along the side of the
cannula 14, there is no need to form a central lumen
extending through the blood pump 12, drive cable as-
sembly 18, purge fluid delivery system 26, and motor
coupler 24 as detailed above with regard to the intravas-
cularblood pump system 10. As such, these components
need not be specially machined or molded to include such
central lumens as was required with the intravascular
blood pump system 10 set forth above.

[0050] While this invention has been shown in use
largely in during left-heart applications, it is to be readily
appreciated that this does not limit the applications of this
invention for use in left heart support only. Rather, the
guidable intravascular blood pump of the present inven-
tion can be utilized in right-heart support applications and
a wide variety of other applications apparent to those
skilled in the art. For example, with reference to FIG. 10,
shown is an intravascular blood pump 200 (of the type
shown and described above with reference to FIGS. 2-5)
configured for use in a right-heart support application. In
this embodiment, the intravascular blood pump system
200 is equipped, by way of example, with an "over-the-
wire" guide mechanism 16 comprising a balloon catheter
202. It is to be readily appreciated that, although shown
and described below in terms of an embodiment of the
type shown in FIGS. 2-5, the intravascular blood pump
systems 120, 130 disclosed herein may also be config-
ured for use in right-heart applications. Such right-heart
configurations, and others apparent to those skilled in
the art based on the broad principles enumerated in this
application, are contemplated as being within the scope
of the present invention.

[0051] The intravascular blood pump system 200 is
shown positioned within the heart, such as may be ad-
vantageous to provide right heart support during beating
heart surgery. To position the guidable intravascular
blood pump system 200 in the right heart according to
the present invention, a suitable guide element (such as
balloon catheter 202) is first advanced to a desired loca-
tion within the heart via the "sail" action of an inflated
balloon. After the balloon catheter 202 is located in the
desired position (such as in the pulmonary artery as
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shown), the intravascular blood pump system 200 ac-
cording to the present invention may be advanced over
the balloon catheter 202 and guided into a desired ar-
rangement. For right heart support, this would involve
advancing the pump 12 and cannula 14 over the balloon
catheter 202 until the fluid inlet 204 is disposed within
the vena cava (or right atrium) and the fluid outlet 206 is
positioned within the pulmonary artery. The pump 12 may
thenbe selectively (i.e. automatically or on-demand) con-
trolled to transport blood from the vena cava (or right
atrium) in a trans-valvular fashion through the tricuspid
valve, the right ventricle, and the pulmonary valve for
deposit within the pulmonary artery. Providing right-heart
support during beating heart surgery advantageously
overcomes conditions where cardiac outputmay become
compromised during beating heart surgery, such as
when the heart is lifted to gain access to posterior ves-
sels, thereby avoiding the need for cardiopulmonary by-
pass.

[0052] It is also contemplated as part of the present
invention thatthe guidable intravascular blood pump sys-
tems can be introduced into the patient’s vasculature to
achieve theintravascular access into theright or left heart
through any number of access points, including but not
limited to the internal jugular vein, the brachiocephalic
vein, carotid artery, axillary artery, femoral vein, femoral
artery, and subclavian artery. The intravascular blood
pump systems of the present invention may also be in-
troduced via direct introduction, such as into the aorta,
the atria, and the ventricles. As is well known in the art,
such intravascular access may be achieved percutane-
ously through the use of the Seldinger technique or di-
rectly through the use of minimally invasive access tech-
niques.

[0053] Those skilled in the art will also appreciate that,
although shown and described above in terms of "axial
flow," the present invention is not limited to the axial flow
type intravascular blood pumps. Rather, the intravascu-
lar blood pumps 12 may comprise any number of suitable
types of intravascular blood pumps, including but not lim-
ited to so-called "mixed flow" intravascular blood pumps,
without departing from the scope of the presentinvention.
[0054] With regard to the arrangements shown in
FIGS. 10-17, it is furthermore contemplated that the
guide catheter 132 may be separable from the conduit
assembly 134 after the pump assembly 136 is docked
within the shroud 36 to form the pump 12 at the desired
location within the circulatory system of the patient. This
may be accomplished by providing the guide catheter
132 in a detachable fashion via any number of suitable
arrangements. By removing the guide catheter 132 after
the pump 12 assembled, wound management of the ac-
cess point into the patient’'s vasculature may be im-
proved. This is due, in part, to the substantial reduction
in size of the device extending into the patient (i.e. the
drive cable assembly 18 as opposed to the larger diam-
eter guide catheter 132).

[0055] It is also contemplated to incorporate various
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pressure sensing and/or guidability features into at least
one of the cannula 14 and pump 12. Such features may
include, but are not necessarily limited to, those shown
and described in commonly-owned and co-pending U.S.
Patent Application No. 09/280,988 (filed March 30, 1999)
entitled "Steerable Cannula," and U.S. Patent Applica-
tion No. 09/280,970 (filed March 30, 1999) entitled "Pres-
sure Sensing Cannula." The pressure sensing in the sys-
tem of the invention includes the use of a fluid-filled lu-
men. The guidability features may include, but are not
necessarily limited to, the use of side lumens and de-
formable materials (i.e. Nitonol).

[0056] Various pump and cannula arrangements have
been described and shown above for providing right
and/or left heart support wherein blood is deliberately re-
routed through and past the right and/or left ventricle in
an effort to reduce the volume of blood to be pumped by
the particular ventricle. While "unloading" the ventricles
in this fashion is preferred in certain instances, itis to be
readily understood that the pump and cannula arrange-
ments described herein may also be employed to
"preload" the ventricles. Ventricular preloading may be
accomplished by positioning the outflow cannula from
the pump into a given ventricle such that the pump may
be employed to fill or preload the ventricle with blood.
This may be particularly useful with the right ventricle.
On occasion, the right ventricle is not supplied with suf-
ficientlevels of blood from the right atrium such that, upon
contraction, the right ventricle delivers an insufficient
quantity of blood to the pulmonary artery. This may result
when the right ventricle and/or right atrium are in a
stressed or distorted condition during surgery. Preload-
ing overcomes this problem by actively supplying blood
into the right ventricle, thereby facilitating the delivery of
blood into the pulmonary artery. The same technique can
be used to preload the left ventricle and thus facilitate
the delivery of blood from the left ventricle into the aorta.

Claims

1. An intravascular blood pump system for ventricular
assist comprising:

an intravascular blood pump (12) having a can-
nula (14) coupled distally thereto, the intravas-
cular blood pump (12) including a pump body
(34), a rotor shroud (36) having flow ports (38)
and an internally disposed rotor (44) having a
shaft rotatably disposed within the pump body
(34) and an impeller rotatably disposed within
the rotor shroud (36);

wherein the cannula (14) comprises a plurality
of ports (40) about its distal region, and an end
port (42);

a blood pressure sensing feature incorporated
into at least one of the intravascular blood pump
(12) and the cannula (14), wherein said blood
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pressure sensing feature comprises at leastone
of a fluid filled lumen, a piezo-electric pressure
sensing element, a strain gauge, and analysis
of the torque/current relationship based on the
dynamic pressure differential between the inlet
and outlet of the blood pump (12);

a guide wire (22) capable of being introduced
into the vascular system of a patient; and

a guide mechanism (16), adapted to guide said
intravascular blood pump and cannula to a pre-
determined location within the circulatory sys-
tem of a patient, which is

(a) an "over-the-wire" guide mechanism
wherein a central lumen is formed through
at least a portion of the intravascular blood
pump (12) such that the guide wire (22) may
be progressed therethrough; or

(b) a "rapid exchange" guide mechanism
wherein a side lumen is formed along a
length of at least one of the intravascular
blood pump (12) and the cannula (14) and
is dimensioned to slideably receive the
guide wire (22), such that the blood pump
and cannula may be advanced along the
guide wire (22).

The intravascular blood pump system of Claim 1 and
further, wherein said cannula (14) is coupled to said
shroud (36) of said intravascular blood pump (12)

The intravascular blood pump system of Claim 1 and
further, wherein said intravascular blood pump (12)
and cannula (14) may be selectively advanced to
said predetermined location within the vasculature
of the patient by first passing said guide wire (22) to
said predetermined location and thereafter sliding
said intravascular blood pump (12) and cannula (14)
along said guide wire (22) to said predetermined lo-
cation.

The intravascular blood pump system of Claim 1,
wherein the cannula (14) is reinforced with a spiral
wound wire embedded in a wall of the cannula (14).

The intravascular blood pump system of Claim 1,
wherein the cannnula (14) is configured to be placed
in a trans-valvular position for left-heart ventricular
assist procedures.

The Intravascular blood pump system of Claim 1,
wherein said cannula (14) comprises a diameter
from 3 millimeters (9 French) to 10 millimeters (30
French).

The intravascular blood pump system of Claim 1,
wherein the lumen of the guide mechanism is formed
within a wall of the cannula (14).
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The intravascular blood pump of claim 1, wherein
the guide mechanism (16) is the "over-the-wire"
guide mechanism.

The intravascular blood pump of claim 8, wherein
the central lumen extends through the blood pump
(12), cannula (14), and a drive cable (18).

The intravascular blood pump system of Claim 1,
wherein the guide mechanism (16) is a rapid ex-
change guide mechanism (122).

The intravascular blood pump system of claim 10,
wherein the guide mechanism includes a guide car-
riage(124) formed along at least a portion of the can-
nula (14) and through which the lumen extends.

Patentanspriiche

1.

Intravaskulares Blutpumpsystem zur ventrikuldren
Unterstitzung, umfassend:

eine intravaskulare Blutpumpe (12) mit einer
distal an diese gekoppelten Kaniile (14), wobei
die intravaskulare Blutpumpe (12) ein Pumpen-
gehause (34), eine Rotorumhillung (36) mit
FlieR6ffnungen (38) und einen im Inneren an-
geordneten Rotor (44) enthalt, der eine Welle
hat, die drehbar innerhalb des Pumpengehau-
ses (34) angeordnetist, sowie ein Fliigelrad, das
drehbar innerhalb der Rotorumhiillung (36) an-
geordnet ist,

wobei die Kaniile (14) eine Vielzahl von Offnun-
gen (40) um ihren distalen Bereich herum und
eine Endoffnung (42) umfasst,

ein Blutdruckmessmerkmal, das in mindestens
einem Element ausgewahlt aus der intravasku-
l&ren Blutpumpe (12) und der Kanlle (14) auf-
genommen ist, wobei das genannte Blutdruck-
messmerkmal mindestens ein Element ausge-
wahlt aus einem fluidgefillten Lumen, einem pi-
ezoelektrischen Druckmesselement, einem
Dehnungsmessstreifen und einer Analyse des
Drehmoment/Strom-Verhaltnisses basierend
auf dem dynamischen Druckdifferential zwi-
schen dem Einlass und dem Auslass der Blut-
pumpe (12) umfasst,

einen Fihrungsdraht (22), der dazu geeignetiist,
in das vaskulare System eines Patienten einge-
fihrt zu werden, und

einen Fihrungsmechanismus (16), der dazu ge-
eignetist, die genannte intravaskulare Blutpum-
pe und Kaniile zu einer vorgegebenen Stelle in-
nerhalb des Blutkreislaufsystems eines Patien-
ten zu flihren, wobei der Mechanismus

(a) ein "Over-the-Wire"-Flihrungsmecha-
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nismus ist, wobei ein zentrales Lumen
durch mindestens einen Abschnitt der intra-
vaskularen Blutpumpe (12) hindurch aus-
gebildet ist, derart, dass der Fihrungsdraht
(22) durch dieses fortbewegt werden kann,
oder

(b) ein "Schnellwechsel"-Flihrungsmecha-
nismus, wobei ein Seitenlumen entlang ei-
ner Lange mindestens eines Elements aus-
gewahlt aus der intravaskularen Blutpumpe
(12) und der Kanule (14) ausgebildet und
so bemessen ist, dass es den Fuhrungs-
draht (22) verschiebbar aufnimmt, derart,
dass die Blutpumpe und die Kanile entlang
des Fuhrungsdrahtes (22) vorgeschoben
werden kdnnen.

Intravaskuléres Blutpumpsystem nach Anspruch 1,
und wobei ferner die genannte Kandile (14) mit der
genannten Umhdllung (36) der genannten intravas-
kularen Blutpumpe (12) gekoppelt ist.

Intravaskulares Blutpumpsystem nach Anspruch 1,
und wobei ferner die genannte intravaskulare Blut-
pumpe (12) und die Kaniile (14) selektiv zu der ge-
nannten vorgegebenen Stelle innerhalb des
Gefalsystems des Patienten vorgeschoben werden
kénnen, indem zunachst der genannte Fihrungs-
draht (22) zu der genannten vorgegebenen Stelle
gefiihrt wird und daraufhin die genannte intravasku-
lare Blutpumpe (12) und die Kanlile (14) entlang dem
genannten Fihrungsdraht (22) zu der genannten
vorgegebenen Stelle geschoben werden.

Intravaskuléres Blutpumpsystem nach Anspruch 1,
wobei die Kaniile (14) mit einem spiralgewickelten
Draht verstérktist, derin einer Wand der Kanle (14)
eingebettet ist.

Intravaskulares Blutpumpsystem nach Anspruch 1,
wobei die Kanlle (14) derart konfiguriert ist, dass sie
in einer transvalvularen Position fiir linksventrikulare
Unterstiitzungsverfahren platziert werden kann.

Intravaskulares Blutpumpsystem nach Anspruch 1,
wobei die genannte Kanlile (14) einen Durchmesser
von 3 Millimeter (9 Charriare) bis 10 Millimeter (30
Charriare) umfasst.

Intravaskulares Blutpumpsystem nach Anspruch 1,
wobeidas Lumendes Fihrungsmechanismusinner-
halb einer Wand der Kanile (14) ausgebildet ist.

Intravaskulares Blutpumpsystem nach Anspruch 1,
wobei der Flihrungsmechanismus (16) der soge-

nannte "Over-the-Wire"-Flihrungsmechanismus ist.

Intravaskulares Blutpumpsystem nach Anspruch 8,
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wobei sich das zentrale Lumen durch die Blutpumpe
(12), die Kanile (14) und ein Antriebskabel (18) er-
streckt.

Intravaskulares Blutpumpsystem nach Anspruch 1,
wobei der Fiihrungsmechanismus (16) der Schnell-
wechsel-Fihrungsmechanismus (122) ist.

Intravaskulares Blutpumpsystem nach Anspruch 10,
wobei der Fihrungsmechanismus einen Flhrungs-
schlitten (124) enthalt, der entlang wenigstens eines
Abschnitts der Kanlile (14) ausgebildet ist und durch
den sich das Lumen erstreckt.

Revendications

1.

Systéme de pompe a sang intra-vasculaire pour as-
sistance ventriculaire, comprenant

- une pompe a sang intra-vasculaire (12) munie
d’une canule (14) couplée a celle-ci de maniére
distale, la pompe a sang intra-vasculaire (12)
comportant un corps de pompe (34), une enve-
loppe de rotor (36) présentant ports d’écoule-
ment (38) et un rotor (44) disposé a l'intérieur
possédant un arbre disposé pour tourner a I'in-
térieur du corps de pompe (34) et une hélice
disposée pour tourner a I'intérieur de I'envelop-
pe de rotor (36) ;

dans lequel la canule (14) comprend une plura-
lité de ports (40) au niveau de sa région distale,
et un port d’extrémite (42) ;

-uninstrumentde mesure de latension artérielle
intégré dans au moins I'une de la pompe a sang
intra-vasculaire (12) et de la canule (14), dans
lequel ledit instrument de mesure de la tension
artérielle comprend au moins I'un parmi une lu-
miére remplie de fluide, un élément de détection
de pression piézo-électrique, une jauge de con-
traintes et une analyse de larelation couple/cou-
rant en se fondant sur le différentiel de pression
dynamique entre I'entrée etla sortie de la pompe
a sang (12),

- un fil guidage (22) apte a étre introduit dans le
systéeme vasculaire d’un patient ; et

-un mécanisme de guidage (16) adapté a guider
ladite pompe a sang intra-vasculaire et ladite
canule jusqu’a un emplacement prédéterminé,
al'intérieur du systéme circulatoire d’un patient,
qui est

(a) un mécanisme de guidage « a passage
de guide-fil » dans lequel une lumiéere cen-
trale est formée a travers au moins une por-
tion de la pompe a sang intra-vasculaire
(12), de telle sorte que le fil de guidage (22)
puisse progresser a travers celle-ci ; ou
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(b) un mécanisme de guidage « a échange
rapide » dans lequel une lumiere latérale
est formée sur une longueur d’au moins
'une de la pompe a sang intra-vasculaire
(12) etdelacanule (14) etestdimensionnée
de maniere a recevoir, par glissement, le fil
de guidage (22), de telle sorte que la pompe
a sang et la canule puissent étre avancées
le long du fil de guidage (22).

Systéme de pompe a sang intra-vasculaire selon la
revendication 1 et, en outre, dans lequel ladite ca-
nule (14) est couplée a ladite enveloppe (36) de la-
dite pompe a sang intra-vasculaire (12).

Systeme de pompe a sang intra-vasculaire selon la
revendication 1 et, en outre, dans lequel ladite pom-
pe a sang intra-vasculaire (12) et ladite canule (14)
peuvent étre avancées, de maniére sélective, jus-
qu’au ditemplacement prédéterminé a l'intérieur des
vaisseaux du patient en faisant tout d’abord passer
ledit fil de guidage (22) jusqu’au dit emplacement
prédéterminé et ensuite en faisantglisser ladite pom-
pe a sang intra-vasculaire (12) et ladite canule (14)
le long dudit fil de guidage (22) jusqu’au dit empla-
cement prédéterminé.

Systéme de pompe a sang intra-vasculaire selon la
revendication 1, dans lequel la canule (14) est ren-
forcée par un fil enroulé en spirale intégré dans une
paroi de la canule (14).

Systeme de pompe a sang intra-vasculaire selon la
revendication 1, dans lequel la canule (14) est con-
figurée de maniére a étre placée dans une position
trans-valvulaire pour des procédures d’assistance
sur le ventricule gauche.

Systéme de pompe a sang intra-vasculaire selon la
revendication 1, dans lequel ladite canule (14) pré-
sente un diamétre compris entre 3 millimétres (9 sur
la jauge francaise) et 10 millimétres (30 sur la jauge
frangaise).

Systéme de pompe a sang intra-vasculaire selon la
revendication 1, dans lequel la lumiére du mécanis-
me de guidage est formée a l'intérieur d’'une paroi
de la canule (14).

Systéme de pompe a sang intra-vasculaire selon la
revendication 1, dans lequel le mécanisme de gui-
dage (16) est le mécanisme de guidage « a passage
de guide-fil ».

Systeme de pompe a sang intra-vasculaire selon la
revendication 8, dans lequel la lumiere centrale
s’étend a travers la pompe a sang (12), la canule
(14) et un cable d’entrainement (18).
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10. Systéme de pompe a sang intra-vasculaire selon la

1.

revendication 1, dans lequel le mécanisme de gui-
dage (16) est le mécanisme de guidage a échange
rapide (122).

Systeme de pompe a sang intra-vasculaire selon la
revendication 10, dans lequel le mécanisme de gui-
dage inclut un support de guidage (124) formé le
long d’au moins une portion de la canule (14) et a
travers lequel s’étend la lumiére.
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ToHrEoOICERFENED, bolt b, EOLEMBIZ., ALELV L, ELERKRICH
SV EEEFEELEVTLIZERNT oL LY MO T, Kb BN ARBEHATH D,
[0003]

MEAR> 7, WhohvEEZzEHE LA CEARALT, TLTARY7OoERERL IV
HAOBEBEICEIAMEOFELEZB T 2RI NIE LR, 20X F 7 IEERL, REKICHE
AL A/ VABIENZ2 5222 7<, BUREITHREZEVAET RS CERLAR
W, MR VAR E S AR E S . MRS DA E XD ko TAELD Z EIF.
BEHEICHAMTHD, RMEROMBEIL, MIEOEZERETI2-D0MILBRER Y&
VWO T, RMERIEL, FRICHEIIS THRELZED Sv, AMERB X OM /Ko MBERD E
o, BOWHKIE 25252k TRID, RIMEKOMBERT. MBANED O K
ZBlERILE., ZOMBAEDIZ. SleHVT, M/IBROEHGEZFE LSS, EBIEME
SIS Dk, Mo E, LT, M/RBIOCAMEKD, HHbs L OBEEE23 &2
7T

[0004]

MEANMBER S 71X, WM, E8XLC/ FLEFHFOLBOY R — N2RIET L7201
VEBFOME RS, BRENELEIABBHICEASAEDS., NIRRT % &
o MEBAR 7O 1o0ORNE, R#EL 2TV FICHENTZ, F—T NV EHEHELELr — % —
FEDEHAFRARKLER 7 Thbb, K73, e — 4 —BLRvaFv Rz, MES
NEREED T — T roMicE#HIND, 2o 7 —7 0%, R ADo R (Fl i, K
BREVR~DT 7 & 2 28R4 2 HELO FTOUM) b RKEBR~FFASND, WWNT., &
T—=TNE, LEL O LT RERICET AE T, T RKEBRZ2B8T 5, 17 —T LT
NA AN, BT 588y TV e2EHh, ZOFXr—71F, —FHFOWTA T —7 L —
Niz#EfFE L, LT FOMmT, BEOMRBEHEL O, 7T LOoBBHBE»LHND,
OB —T N OBFEHIT., BEOEKOAMICHEEEINLLT AL 2 EFH W T, EHERHIC
FEESH, T —TNVORIICObIEsTHENZEZL, 1 X7 —%, LIROEL TH
WTAEy3E5, ZOROMKEFR 71, FINOMOLEOMB ZHMET 22, £
BENGHETVIKT 02T 5200 o0 R— 2 RET I, B
Bli@EHAN RIS,

[0005]

TATHMOmMENMIE AR > 71X, @%. DEMBEEZREMETIRIC. RO TH DM,
ThCbEhrbo T, BrOXMERT D, BERLKRMIE, BITEMNOLENLKER 7
F., BEOBBRBRANOBEY RMEICHT A FT22EBHELV, LWnWHZEThHhd, 2h
., MEINEST—T AN, LEET, TLTLBASEHESBITT2REZE > T,
CORVTERGUERI DL ELREOHMZRBELE LRV, EWNIHEEIZKREE
KT 5, MR 7%, fREY5 (trans—valvular) &E (ZOBEIX
VAR ERELEIL, ELTARYIHOEZ EITRERICAT D) CBWTHRELLY ET5
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4) JP 4159781 B2 2008.10.1

BE. T —TNARESHSOEFFELEEAILETIHERODBERIZE T, K7, K
EEICLHHMRODICEE EING, 202 LF, RUy72AEro0omMEE RIS 5 & 5 IC#
Eand e, falreevH 5,

[0006]
INOLOWENEERRT D0, FEOT A FEBIX, EZS, HRBRNOEY A
BIKRCYTH%BET 20T 2-0cfAINEDL, 1 2OROMBM T 4 FEM#EIX
A RIT—=TANTHDL, AR T =TT, BEEN, A KRBT —T )% ME#EE
ELIFRLENIC, BKEHAESIC, BROCEEBE LB X1, BEDOH A N REMHE % FF ¥
ELTAHLTRISND, TLEREIT, ERNR TN, A PV T =T VHRIZEASH
VELTCHIEDCHEBREIAMICH 2> THEDLM, FA4 FaSnBEL2 L5, A KT —FT 1A
iRt SN D, 20X MM T FEEZRIATLIZLEF,. B, ZoX52mEN
MEA 7T L THA RTH2/BERETLIHACHROTHLLIN, Tl 2nb b
T, ZOX) MBI A AL ENOEERZEMEZSEHTL2LE VIR TARATH S
o BIXIE, A RIT—TNViF, RU7BIOREY 27V FOBBREZO + 0@l %
BT 2720, TLOHOERZRIYV L, BEREP/LTREW, Bffshd X5, 2ok
. MEBFEEOMENTHNADZOICFHHAARZEMOEBEELHEBL., 2L ClmEFICT
JRATHEDICRLELE INDIHAOY A X2 RELT 5,

[o000 7]

AFEHIL, BITHMTOMENLIEAS 7 ORIB T2 XMBOEELIBROVERE, BIXO®/$
FELTZEICHmITLEN D,

[0008]

(KEHOEE)

AL, BEOFERSB R (Thbb, LEBRBIG/ELEILERE) NO, FTIEDAME
W, MBERNMIERKA Y 72 BIRWICHTA FT 200G SN/ EsHxz. KBSk
MENMBEAR > T E2REET D LI T, BITHFOXMERERT 2, Z0L51CT5
B, AREHOMENMEAR > 71X, MM a4 REE (5l 13X, BITEIFCERS R
DXL, REREROTA R T —T V) xTHLEEEZERYBRL,
[0009]
AFEAOF1ORFERREIZEBVWT, MENMBR 727 5%, MENLKEAR 7T
boT, TRICEBEINLE TN =2a—VERTAIAMENMKEF 7, BLO, BHEOMFEER
FHRNOFEOMBEIC, MENMKER Y 7BL 0= — L EaRROWICEBET 200, |
F—=N"—=U A4 ¥ (over —the—wire) | oS FEEL2EALT., BItEINS
o INEMNTAHZDIC, FLEBEE, MEALKRN L 727600708 —Mo%
BUTRRIN, ZORKE. HA RIUALAYDEI IR T A FEZIZ, 20Oy %8> THIIZ
EOLN, TLTRABOFRBROMEOMBEBEI CHLEDONED, ZOH A FERIX
IOk BEoMBEICEDONEE, MENLBER Y 78X 0= —1LX, 0%
A RERIZH > THZONMNEE TCEDLNE S,

[0010]

AEBHOF2ORF R FEE L TIE, MENMBERFY 727 A%, ENMEA 7T
HboT, TNICEFBEINE V=2 —VEARTHIDERNMKER 7, BLXO, BEOBRESR
FHRNOFEOMBEIC, MENMER Y 7L 0= — L a2 RROICEET 200, |
I % (s ide—1igger) | T A HLHE (rapid exchang
e) | BobA FEELsEFALT, BEIND, TNUEMRLT D7D, MEHMERET, OE
NIMER S 7B EL O =a—10ob Rl b —HBo0EICHh-TEEIND, A KD
AXYDOEI A RERIT, BEORRGEIANOFTEOMNBIZLED NG D, VA NEH
NZOXS>BEOMBICEDNZE, MENMKA L 7BI I =2 —L L, Z0%
A FERICHR-S CHEOMBE TEDLENE D,

[0011]
AEPROEIOLREERFHmE L TE, MENMDKEARY 727 2%, mMEANMKAR T T
boT, FNIEFBENE V=2 —VEARTIMERNMKEF 7, BLO, BEOBER
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(5) JP 4159781 B2 2008.10.1

FHRNOFEOMBEIC, MENMER Y 7L 0= — L ERROICEET 200, |
HARNDT—T1 (guide catheter) | BobA FHEEEELEEALT, S
N5, ZORFMRB/EOR L TV AT AL, BET7 27 IV BLONHELIER 7T &Y
TV EEL, BETRLCTVIE, A KRNI T =T, B —=F = 2T R, BIO®b==a
— L (ZOHhH=a—VBLOIA RIT—TNVIE, e —F =277 FOWTRNDUIZ
BEINTWD) 225, Ry 77 27 VE, v—4%—, v—%— |Z# SN =B
WM, B —4—CBEBHEMEOoBICEE IRy T2 A D, WA KT —FT
W, FHTE2MBEAR L T2 EKRT I, Ry 7vry7 V%KL, 2L Tr—%
— v a2 RFARCR— =B Ry X ITFTH5R8FET, Ko7 77 V% T4 KTDHL9
WCSTiERDEND, ZOREBIZ, EEF TN, AAHLIBHRFIZBWWCEMO .,
KOHA REMoOFERAEZBLT, BNOFTLEOMBE~EELNODHRAICTA FERDLD %
LT 5, TOK, R TRV VIR, BEA~AHAIRL, K777 IR r—4
— Va2 U PFRATERyFR U 7ENDET, BERATHA FEnBEL, ZTO_HOHEET L
VURA NI, A FEBE L TEEER2EHTZ2Z2LICEoT, R 7T7 VTV OHER
SN EZRMET S,

[001 2]

AEHORB I NS LR RE X, UTOFERICE> THLNZENED,

[001 3]

AFEHEOE 1 ORF@AFERICLD . MENMIBERR T VAT L%, MENIEAR 71
BEESNEIm2a—LERTAIMENMER 7, BLY, BEOFERBZINOFTE DL
B2, MENMKER S 7B D=2 —VvETA RTHEDICHEHESINDTA REHE S
AT, BEEN D,

[0014]
EOLRLEREFEICBVWT, MENMKR Y 71X, v—F¥— 0 —¥—%2ZRTIHDD
vaTZ U R, BLAO®YaTZ U RANTe -4 —%2ET5-200, o—% —(ZE#KE LK
=TV R LD,

[0015]
SLRDPEMIPBEIZBNT, I=oa—UIiF, MENMEF 702 F7 0 RIZEBIND
[0016]
SoRhDIZEMBEBICBNCT, VA4 FEEIE, Y270 FCEBINETAS NI T —FT V%
iz 5,

[001 7]
ELRLEMEBREICEBWVWT, I RIT—T0IE, BEOBERBRANOFTEDOMEIC, &
27V RBIEO I =a2a—LbE2HA RTHEDCHFEASNG, 2ok, ENLER S 7O
n—4X—BXOWE 7y —7 113, RUr78IEOZHIC, Va7 RANTRy X 73n%E
Do

[0018]
EORAPEBBRBICEBVWT, BBy —7 0y —2%, BE#Fr—7 L 2ZAKT 572000
BHEZ2AL T, #Bftsn, 2L TZ2T, XA—=VHliiAEEI 2T A0, Bahr—7 13—
AICHEREEN, B—F =l RX=VikEEET D,

[001 9]
ELRLEMEFEBIZEWVWT, BEIy¥ —7 1y — 23, R=VHifkdzo —% —ZkETH 2
HOLRLSEL1IOORMEEEMZ D,

[0020]
SORDEMPEBICBENT, —#HOoO =T, 2R Eb 1 o0MEEELZ LT
VELTRrR— -2 RTEEIN, ZLT—H o0 —ViEiEe —F% —0blBE)r —7
NOFLEEEZNLTREBEESNTE S,

[0021]

SR EMEBREICEBWVWC, RT BT VIE, A4 RIT—TVANL, BFOMEH
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(6) JP 4159781 B2 2008.10.1

BEA~DHA R T =T NVNOEAMEBENS FTHROMBE £ T, MKE2BROICKRELEFEST S -
WIZ, A RDT—T VICHAE#ERKL CEFBEINT, #txh 5,

[002 2]

SO EBFEBICEWNWT, ERT T VU IT. ﬁ4Pﬁ%~%wuﬁEﬁ%Lf@%é
NEBE1OEE, BEOMEHEE~BEASNDI LIICTERDEREE20EE, 5V
m\%1®§£&“2® BLoMICEBINERBRWICHBRIETRAZREZHZ D,
[002 3]
EHLRAEMEREICEBVNWT, MENMLEA Y 7EBL M= —1v0b 2 1 D0
T5, MEOEHEZRHET S0, MEBRBEENZEHINS,

[0024]

EORIZEBEEBICENWT, MEREEEDZ, t=a—1o0odbhkitb—Hnh W Bl &
Nz, WEFKEHED 7 -, LENMLER > 7LD = ;—V®mt<&%1o Fén
FTEBRT. BIOMEANMER L 7EBL 0 =a—1voba b1 2C#ElFBEINEZO
THT =T EE T,

[0025]
EoRhI2EBBEBICENC, MEREEEL, o— ¥ 28T ICEAIND E—
=D VIt —X—BHRELOBMOBEBRICESWT, ME2FHEIT I LE2UET D,
[0026]

EORDIEBIBEBICENT, 4 FEREIEX, Toa2— 1RO RS ELEHOMICERE IR
A REREE T,

[0o02 7]

SORDLDFERMBEBICEBWVWT, T4 FEMEIZ., V=2 — LVNITTER S 4L 7 M2 B 2 @i
6tb@ﬁ4b74?%aho

[00 28]
SORLFERBEBICBVWT, U4 FERII, Io=2—LRHNHIEARIEBHOMICEE I L
o, BIRWICERTRRLRER 2 G L,

[0029]

ILRDIZEMEEICEBNT, MENMERF Y 7BL 0T =a—1L L, £F. BIEOME
Tﬁ%%?%?%kbx%@%\m%wm%$/7ki0ﬁ%z—V%ﬁ4FU%?;D
STHEPMBEETHELEDLIZI LT, BEOMEMENOHTEDME T, BRY
WWEDLNE D,

[0030]

SOLRDERMEEICBNT, A4 FERX, B#Ir—7 18P —%—%2 N LTERD
ﬁ%%@é@%@t%@ﬁ%%U%%%aﬁo

[0031]

ELRPEMBPEIIBNT, MENMER L 7BLO0 M=o —id, MENLER Y 7R
LU == — Vi, if\%ﬁ®ﬁ%ifﬁ4F74?%Lb Fo%, mENMKAR
TEBION =2 — L ETA RIS VIR THEOMNBEBE THLESLZLICL T, BAF
@M§%mﬁﬁﬁm@u%if\@R%_%w%ﬂﬁéo

[003 2]

SR EMIBEIZBNT, T4 FE#KIX, BEOLERENOTNEOMNE~DY 2T v
bkivww:~V®M%%@%;¢5t W, HA KRBT —T Va2 BRBBT DDA
FERE2 X 5ICE T,

[003 3]

SO bEMBIEICE wf HA REEEIX. TA P IT—T1rodbh b —8HSICho
TR & 20 7= 1 5B & e BT D220 A FEHEA2 I 5I2E T,

[0034]

SOLRDPEMIEICBWVWT, A FEFRIFX, FI4 FUVATYBLIOANAL—0 BT =T 1LDDH
<ty 1o%ET,
[0035]
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(@D JP 4159781 B2 2008.10.1

(B O3 M 72 3087
AREAOFRAERFEENULTICRW SIS, AEEOBN T, EEDOEREO R TORE
DAEAMEICZEINBE 2D CHER Y, bbAAL, EEOZDO LI REBEOERIBED
FFEICEB T, Z<0EMBEVEEL, AEEOREOEM (B2, Y27 AHEOD
FIRB L OPEEBEEOHRE (ZNSHIXEMMMCTCRERARD) IKHKY) 2ERTIEDICRIN
RINE ROV ENBEMIND, IHIC, TOXIBRBAEOEIIE., EHECREMZHE
BLEBLID, TR b0 TARRORBKE AT 2L EZTLERAMNICIT 2 & PHEMR
Ehb,

[0036]

AL, BEOFHRBRNOMBOHEIEE G102 < OfEEWEFH O @A T 28 HO
ODMENR TV AT LEET, UFIZERE#ESIND X OI1C, KEHOME N MR
TYAT AIF, MENMBEBR 7O —# &L THA REBE2RET 210K, TRITH
WOREZEZRZRT D, ZhiCko T, MENMBEKR Y TN, HPEEOHRET A NHE (F
ZIE.MOHA RAT—T V) ORLER LICBEORERI RN OFTE OB ICBRRAICHT
14 FanE s,

[003 7]

AEROMEANR T 77 VIR, REMULIER (B2 FX., E0EBLO/ E£723hA
DEMBPALE) ICHICET S, BER26RELT, 20X 2L0EMBLEIT, TIKREIK
NARZBHE (GABG) . LiA 32 (CPB) | Bl XOHEMAM (KRR E
M) Fiff, BHE~OBELORAB IO EHIEARAA RNADOEET 2L OLRORIMN2ZE
FoN2RZABIBEINLAVLIBEHRICBWCHEBAEINE S, S50, 2.0 D) E
AIZELTRVWIRARBIOCRBEN TV DI, AEHOFRBE A A OB E A ICE LT
HILLKBEHSINDGZERRFICHAMBS L, X, AEPHOHEANL LTERKINDS, =
NOEBIOMMOEFLLIOSILRI/HMIT, 2F2zEBLTCRBELIND,

[0038]

M1&Z2BI4re, HbflRrELTRENDE hOLBADOELIRE#ER T, R¥%EH
DERPOEENHEICHE T2 T A FAIRRMENMER L T AT L1 0B FREND, VA
FA10F, MERNMBER 712, Ioa—Lb 14, BIRXR [ F—R—U v BoFH
A4 P 162 HA s, BBy —7 A7 k70 18BLIVE—F—T®7U 2010%,
MENMBEAR 71 25T Hr-DRtsND, [A—"—T (¥ FA1 FEHE16
X, BREh A —7 018, MEALy712, BXOM=a—L14%@-> CHETIHLE
ez 274 FARICEBT L2 TECISNZEO A FERLZM2 5, @A NESR
WX, Z2HOUERDOTA FT AL R (LIBRFZICERINDIT AL ZAEZEORN INIZRE
Sh7aw) RETFonGs, BERs0 LT, A4 FERILZ, I4A KUV A4¥22¢ LT
REND, BEHFICHE-ST, [F—R"—=UALF¥] HTAFHEBEL6IT, BEOMEBH/AIAND
FrEDONME (FlziE, "RENDIFEHMULME) CHMBERFR 71 28I =a2—114
BRI A FT D 2T 5,

[0039]
INEERTAHEZDIC, TARTA V2213, RPWCEEOHEU LT 7 AKRNA v N2
LTREFOMERICEAINRD (BFlx 1, Aot rs o o F—HifizEHT5) . &KW
T, #ARYVAFY 221, BEORBBEBIANOFTLEZOMNBICEERNZEAE D, Z i,
HARTVAYXY22BHOHBE/EEFERAL CRENGDLIN, TREFHA FUVALAY2 2056
U o ENREBEZERICTI2DICEHOMET A X A BB 3o A X
STERGIZENED, TOLIRBRFERETA X U RAEMITIE, VAR TFT—TALBIO /&
FRHEBETREFLFEXEHREZEDHEAZTONZAZ2DN, LT LHLINLIZRESNLR
W, —H., TA RIAY22MEDONMNE (HlEX, RandLohAELE) TEEIN
HE,. MRy 71 28I h=a—1141F. TOH., A RIALA ¥ 221CH->TED
LN, TLTRINDIFAL2HBULIERCHNEMNTONED, TE—X—T L7V 200
BETICBWVWT, A7 1 21, OEFA 71 2ICEE SN2 HEEEB 28> THH
WHEETLIEDICELENS (Ioa—1v140NMlZE->T) MKEZBRGICE XiAL
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(8) JP 4159781 B2 2008.10.1

Tl RkoTAELBMBICERINGES, MIRA T 122002 OHMIIE. HEP %@
STEHPRDAHIZOWVWTEREMNREUMBEXTHE r—7 4787V 1 8DAMIZH - T
VA

[0040]
M2~54%#2B4+25L, M1OMENMBERL 7L 25751 00FRMRERIBENZ Z
TR#ishd, R2iZrashd Lo, MERNMIER 72751 001F, £T—F — @
24, BIUOUTRSILHIZFEMICEHIND LHIC, K7 HIEOM., BEEh r—7 17
7V 1 8N _EBERER e —2RET 2200 - UREKEEVAT L2 6 B
Lo N—UHEEEIATL261F, MBERL T 12 ~DEZEDDDOHEEBE (KR
BP) PDOEOMERA—VHEZEATIEZOOREANEE 28, BIUOMER 71 2
MHNR—=VHRAEKOEY O 70 —%2B|E_AL7200AHEOEE 3 00x2HA b, T—F —iH
24, R EOEDICHER 71 2B A2 E®RT I E-DICE—F%— (K
AET) CEE -7 (RaREd) EOoMICHBNERZENY T, BEr—7 17 %
Y7V 18I, BE S — T AT —RA3 2% M. THIFERL, N VR IREEME A Rt
THZEIIMAT, BE3H s —7 0 (KIRET) T LH2REEONT T 7L L THEILD
o RO DIZHMEINTRENDID, BENWF —T AT 7V 18 (BXRZEDOAET
DOHERER) T, MENEA I REEOHED ARSI TREINED, T20bb, BH)
=T N7V 1I8OREIIF, BEOHAMICEBEBSINDE—F —HER2 4B L0
—VHEEEVATLA26 LMER T 1 20 REESNIBREORERLANONTEDONE
EOMIZET DO+ TRITNIE R L R0,

[0041]

MENMBEA 71 2%, whFmrye—mMENMKA 7 LT (FlrRrELT) m"END
o MiEAR 71 21, Rv7AK3 4, 7ou—R—1+38%2FFTHu—%—3 257 K3
6. BOLRICAR Y TAREKI 4ARNICHEHEMREBIZEEINDI VY 7 MBIV =% —2va T Y
K3 6NICHEIEEARBICEBEINDIA VXTI —2FTHAMICEE SNz — 4% — (KRH
T) BHx b, P=a—lb14F, a—%—vaJ 7 R3B6ICHEEMICHERSNL, LT
BEOMENBEHICKELTCZINLAEREOHYURES THRELES, 1==2—1141F
CHEHFLIE, FOEMEHEOLZDICEBEOR—-FELEFER (fenestratio
n) 40, ROV HWEHAR—F4 2 (ZHAIFTMER 71 208BFECKEEFEL CLKE2 D=
2—L 14 AN NEREEI=a—Lv 1406 BT L2AEERCTD) 22D, T/
bbb, K71 2hn, Rl1KprahdELBAEBOZOICHEKRINEE. F— M40,
4208, ELEPOAI=2—1L14~MENBADLI ELEFARIZTDH, thF T, MEHR T
12 AELEMB oItk ans (Fobb, K71 2R3F0BCRESL, £ L
TH=a—b140EMEASHEBRNICEESNLD) HBH. A—h40, 421F, V==
— L 1APDMEBR~MENASDZ EEAERICT S, (FHOBEMBIEFHIC W T oM
CUTIREDBICEMCERSND) . Rr712B8L0h=a—1 1413, mMENBEHIC
HWORTEOEROTETHVES, XX, Y4 XO#HIZ, 9French~30F
rench%g#&HE2528, TNHIETLLERESINR VY, ZO&FBEIZ, HFE L1 4
French~24French, &b#HFLLIF18French~20French
Th b,

[004 2]

[ F—N—TU AV BHA REHE1LO6IT, VA RTIALAV22% 4. LUTICSHICHEMIC
MBI EHIIC, =a—L 1 4%2@oCHETIRLEWKE, MBEKR7 1 2, B
— TN T TV 18, R—VURHEEEIATL26, BIOE—F —EfELE24 %A
5, ETaRT I, FLEEIT, VA RYA V222 AT7 A4 RATRICZET H LI
ETHY, FOME. TARYVAY2208ERKOTA X AEFEFEHNL CALERMN T LN
THic, MER 71 28I 0D =a2a—Vv 14804 FUA Y2 21CHh-> CTEEDOHHEIR
FHOTEOMBEIZAT A RAIRICERG DL, EROTA FUALSP22L L TRENDIN
CAREHOTA L 6O —MHEERTDIAA NEZEN, BH (FLEEZ2E-> TAT
A RABIZSERENDELIOBRTEDOAINV—V AT TNV, A A= T4, BLOT
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9) JP 4159781 B2 2008.10.1

A RIT—TNANEEOLORINLIBESINRY) KKFLTEZEOBMO N A X Ak
EHMABGLIILERNRFICHBFEIND, X, FTMHOET (FlE. 1RSI E
DIE ) @Y TIERWR, N =2 T =Tk, A E A EY e A F
2B THVED, ZTOXOIRBE. AV—iF. BT —TF AL EFIEOME (H 21,
FAR) CmiTs L2 ICBESNLZELT A4 (sail) | ELTHEHASAE, 0%
VIERy T 1 280 =2 —1v 140, MBEARC T 1 2RE0BCHY, 2L TH=
2—L 14K —1r38, 40NMEIRICH AR EZMUIHERICHT T —T VEBZ TR
[ERI

[004 3]

M3BILU4IlE, EHECMERF12, h=a—1L 14, BB Fr—7 177V 18
VBEY AR —T MY HAFNEELIOEREERT S, MK T 1 21F, vy
7 h46FHFTHR—HF—44BLRANT—48%HADH, ¥ 7 b4 61E, Bl
LTCR=ART YT 77U 50, 52BXOARARX54%2G5HL_T7Y 7y 712k
STHRUVTERES ANIZHEEBEATRICEESND, F—AXT V777U 50, 52
. HEOHICBNTHEMTHLY, FhEFhe—F—T v 7 b4 6I2iho THEETDHNM
L—RA, Ry 77X E340NMBEICH L THHOPDOEE I NMEICRFET 5L —
A, BIXOHNML =AML —20BICEEBEINIBEEOR ATV 7 %22 D,
NEB5 4T, Ry 7HEOR OB FMOHZEVREZWL T H1-OICAEWICHE FAIZEENL D &
QWREERT I TRy 7YUB50, 6288835, Yy 7 F461dk, —BBICHETSD
D, TLTHEB T A7k 7V 18D— %2R TIHEFr—7 /16210 —%—4
4 % EFETHLEDIC, ZOVY 7T VKT —T AT ETZ6052ZRFTHEIRTETH
2, BEEr—7 06 2%, KoMt (BE/M., 7YV vy s BIXOLVr—¥—&
BOBERZELRINALICBESNRY) Tr—7LVT7 4 7%6 0 CEHESNGED., Zh
LORUEMEHFALCTC, =4 —44D0¥ vy 7 M4 BRNIKTr—7NTETH60%EE
LB, VT —641F, RUy7RKEK3408ELr—4%— %7 b4 6 OEMER
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T146%@o CTHETHIEBEEN, BRINd, BEEBr—717€>7U 181k, 2
ODHEmERELZ B> TCHEL, Touehy —Borstlifivr—164 (Znix. #ER
TECyTUV1400EMEPOOMKOBEEZE) 2@ TH D, MEHA—F16 6%
VEWRTECT V1400 0EREERAREKEL CREEINDS, —EBEREBIZBWVWT, 2
OMMA—HF 1662k, D1 70CEBIN-EREE (FThobb, K1 108F
142) #2@5MKOSEZREBIRNICHE T 27200EDBR17T05HTL2EE1 68N
xbhd, BELZBRUICGERT 22D 0MOFEFHHBE L 27 L1, BEROEE %
HEWICHET 22006 BARKEBEBI OGS, 20X 2HABRBE. R 4
— PRy 7 FFEFTO Tl T3 nT-RHBEICES<HBE T LI ILITEELE S,
[006 3]

AL OEmIL. AEAO—HZ2HRTI2ARAEAOZHOREEH#RT D, KHEHRARIKEHO
MEPL@®MT 22 < ZENLELLEORBREEBICEWVWTITLORLEDLD Z ENYERICH
fitkSNs, BIROBEBMOHRT, LTOFEMOE 2RI LR RENPAREHO -2 KT
VA

[006 4]

K181k, {BOXRTIYI LU ITELUTY, NR=VUKEE, BLOFNyF U7 AF—20%
FTO2ARAEHOESOLBELRBEOMBENMIKR Y 7L 2T L0ORBOEREF RT D,
TORT VT TRy TVIE, VAR X182BIVORTI VIS TEYZ U 180 %1
Z2bh, ZOXTYV 7T, T7TY 180K, AIL—2R184, AllL—2186, B&
CEHEOR—L188 (ZhiZXky, ZTOARAML—R184iFe—¥— v 7 h46 &3k
WEE LG, —FH, Ml —2 1 86 IER T RKE3 40NHEICK L TEHMREE I L
MEICHEFINLED) 2H25, OV 271901k, X7V 77070 180% Y —
NARF 1 8 21x L CHFFT DI oicn—4—2 %7 b4 6NIZERSNZHEENICHEE
ENb, OO0V 7190, ¥ —7 AT ETZ600EMBHPLMEL TWBEEHL
Yy Ty ENMLTo—4 =% 7 P4 6NOEHBACSLICEESND, F¥—F 7T
756 0D, BE#r—716 2 HE—FmTHRAETD,

[006 5]
M18IRENDIEMFED NN —UREERES AT AE, MBERA 71 2 ~08—= T
D1oOFEEFEERET L, bbb, MERNK (Fbb, BEHABANOMNE XY L
WERINTZHA L VETHMEINZRE) &, FEF., BEE#Hr—7 16 2 LIR#ES —
A3 2ORNMEDHICEAESND, Zhix, BBy —7 16 2L —2X32&DMICHETRE
THEBEOBBEAZBLV TS L20@®<, ZOMERMKIZTEL, >—A28 19 2 THEL
e, ZTOMERERBEAOY— L1 9 22 @BLY=27 v K36 WNIZERKI D IMWIER
— F38ZFMoTHIAZICHND X OIZ, Ry 7 1 20RFTEE-> THND, TDOI LI
VEEBIO/ELEAR T 20MBAERBET SO, LKA F T 1 2ITAL RN
row@<,

[0066]

Ry 77®7V 1361, REAOHBE»POBB T 52 L2, EOHO R DX
T, BETELCTV1I34RATRy R T7E3NEE, §bb, M1 8IZARIND Ny X
VIAFX—LE, BIROBLOREDICREE I, ELTEE TRV 134RNTHRCTT
7V 1368 —BHNICKRAELIE ITRyXU T 752805 kE% R E X6
LZZEEERLARY, M—0ZMAE, K777V 1368L0EETET7Y 13
4B, B—F—4 4B v 2T F36RNICEHEINT, IT==2—LV14%@BYT=2T70UNR
SeNbLHELIFEOEM M 7 e — %Rk T AL Ny X 7T H52ETHhD, BRI
Ry U7 2AF—LF, V27U RFR3I66ORNFIZH-TH=a—LEAERL 9 45 B
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THLRE, BLXORYT7ERKEIA4DHHEICH> THHOERRY v 96 2B T2 LES
HETH, AT, R 777V 1361, Ro7KE34E0BKY vy 1960
L VaT U R36ANTIERENIENLIANTRAETLIET, EEF 77U 134K
CHLEDOND, 2O Ry F L7 2F—01%, —BIC, Ko7k 71Y136%H
FE7E7)134CHATLZZet20M, BRY v 196 &HEHLILLEOHMDKER
AERNEMICMET 4 — NNy 72T 2L 0 HITBVWTHAMTHY, ZO/RKR.
COERMIT. RyFLr I B0V ORT LENZRELED,

[006 7]

WEFICHMINDI LI, BRY P 196 BXUREAHEB1LIIGDMNEIT., ZhbHH
7o —AO038ICEELT2ELEILICHNTEEINDSI LSCEHLES, 27U
R36DOHNEERY T RKEI 40N EEOHMEMET H2ESGHICMELIREAT D0 %S
L5701, ThoDO Ry X 7 fEs 7n —fO38ICHERILTERTAZENFANTH
WEL, Ry77% 7V 13628F7 7Y 134RNT—HMICKREELIZIFYF
YT HRoIl, BROICWERREREER (B X, Sv—r) ZHVWLA LD F
FTEREND, ZOHEICEBWT, 12U EOEEN, RUOT7EREISI 4D0H4REICH > TEHE
ENTEEARANL =V ERBERLER S 7AEKIA0ONEBLOMET AR AKX 3 4NTE
MEND, Ry7REI4LONMETRN D MEFTAE L, RNT, SV —vE2EET D20
WHERAINL, 2OV =23 RNWT, Y270 R36HRORKIER (BlziX, 194) N
THRET D, bHAHA, FRAEMEL, KREAOHENLGEN T2 R ANELLNE
5, Bz, 27U R36F., ToHiZ, Y277 RK360oNmEICEBE NN L —
VEET DO ORBEEEEAMA O, THIERNWT, R ARE 3 404 HEICH
ST INL2BERBEEEBNICRE DTG D,

[006 8]

AFEPIL, KBV ELBEHOMIZBT2HFEHICEWVWTRENTELZR, ZHIEAREY
OHEAELEDBIXFORICBTLIHERHICHRBLAWI EREFHICHEHBRINIANETH D,
SHIICARBEHON A FAREZMENMK A > 71X, ALBEXFEABLOYEZFICHL
RINE e oEAICBWTHRAEAES, Al X, K1 9WEL T, AOUBXFEF#EMAICE
RO ICERINTE (K2 ~5ICLTERIECARENZLTEFESINRDIED) M@
BEANMPERY 720008 REND, ZOEBMEBEICEWT, MENMLKE L TV RAT A2
001, HlxIE. "= BT —FTNL202%zd [ F—_"—TU 4% (over—th
e—wire) | HAFMEl16oZ2ERIND, N2~51R3NDE0EIIEDB S
WBWTHUTTRENEZLTCEHBEINTE AN, AAMESD CHRIN S MEWNIMIE R
VAT AL 20, 130FFEL, ALMERICEWTERTZZOICERENED Z L
NEBFICHMEINDIRETHD, ZOLIRALBHEER. BLORBEIZH Z I DA
FEHICESSHBERICHOLLRMOMKIT., REPOHBEANICHIZ ELRER IS,
[006 9]

DIENICEBE SN T-MENMIE R 7 AT 52000, m&n, ELIBERFEHROBICH
DO X FH A RETLIOICHMAERDVHEDL, Zhid, KEHIZHE > THLOBKRIZAT A N6
RMEBRNMBEAR TV ATA20045BET LD, @EORTA FESHE (Fl21EX, N
— B TF—F202) . WETERAAL— D A4 (sail) | E#HEHLT
DENOFLEOMBICETEDOND, ZTORNL—2 BT —F120 213, TEOME (
B ZIE, REND LI MEIIR) NICMMBERD Shi-%h, AEBICKE MENMLBKAR 7
VAT L2000, X—=2 A T—=T 120210k oTCEDLN, TLTHEOEEICH
A RENBED, ALOMOXFEOLZDIC, FAEAD2 0 4BKENR (FLEFEFELE) NICE
B, TLTHAEHD 206 AMERANICEESNL2ET, "= T —FT/1202
CEo TR VY71 28BI0 M =a2a—1Lv 145282208575, RWT, ZOKRTS
120, MBRAOILEDORLDIZ, ZRF, ALE, BLOMBIRFAZ ML CTHEZHEY
28X (trans—valvular fashion) T, ME%EKEIK (1T EH
DFE) PORMETI2EDICERN (Fbb, BEMNICEZIILERL X)) f#EshE
L., HBILKRFEROBICAH OO XFFZEMET L2 L3, DHAHE A OB TFINOMIC
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TRV EREELEFEFIICERL., #lx X, LDED., BHOMLE~OT 78252/ LD
BEbHLEFoR2EAE., ZRICED, DA RZ2OLBEERBET LD,

[0070]

COHA RARERMENMBER Y 7V AT LANBEOMERICEASN, EEOKOT 7
TARALA U FENALTCELOBELZZFELIRICILENT 722 E R LEDZ LITEE. K
FKHO—HWELTERIND, COT 7 EARAL L ML, NN, BEoE k. %80k
REEAR., KRR, RBER, BLXOHETEHRAZT ONADR., ZHULICRESI N
PV, KEHOMENMER Y Y 2T A3 E, BEENR2EAEZN LT, flxiE., KH
ik, LDFE. BIXOLE~EAINED, YEHOBHTHAMTHLIN, 2O RLENT 7
tAF, AT AT —HIFOERA L TCEEZ2N LT, LT FHREET 7 XD
FRAZEEMNICAN L CERINE S,

[007 1]

W ITEL, AFE #Fm7e— (axial flow) | IZ2WTETRLZELT
Lo, ABEPEF., iFm 7 e —RMOLEANLKER S TICREI ARV EREFEIN
2, LA, TOMEFAMKAR 71 21F, TEOCHOBOD 2MOMENMLIKAR L 7425
HE, ZORCTE, AEHOHBENMLEB LW, WbWwd THEAEW (mixed f
low) | MEANMBKARY 72EFLN, THICREI RN,

[007 2]
M1O0~17IRENDIEMIBEICEHEL T, "7k 7U 136 03EBEOHREBARN
OFEOMNBEIZBWNWT, KUy 71 2%FKT5dicraT7U F36NICHERINLTLE,
HARDBT—T A 1321 %, BET LTIV 1340008 EINB2 RS BbICERS
Nz, 2hix, TEoKo@EY k&2 LT, M TRERERN TS KT =711 3
2EBHIT S LICE o TERENES, RUOT122BELEE, A FRIT—FT 11
B2EFMOVATZLICL-T, BEOMBEN~ODT 7 EARA U FTORIGEEHENKES
nN/2, Zhix, MAMWIZ, BENERDLT AL A (Thbb, XOVKEREROTA K
BT —=TN132ICHATEIIORRIATrATATET IV 18) O A XDFELZW
REAICERET 5,

[007 3]
Fr2DETRBBIOEEHVA FARRFEHEEZD AL 12O =2 —1L 148K
ORI 2ICWMViIAZERNER, BREND, 20X 2L T, £FTHY
OO RBRBEROUTICARINE L TRHEINIFEABZTONLIN, ZhbiZad L
LREESNDIDITTIERY : 199 94E3A30CHBEORKESFHES009,/280
988 (FEISteerable Cannulal]) . 19994330 HE®D
KEBFHBESRO09 /7280, 970 (X 'Pressure Sensing Ca
nnulal]) (ZINLORERIT, RKHMESFTCZOE2EKEZRZHTIHAICISE L L TH
WICEREND) ., 2RNOOEAHRHEMRICIE, BELREEEOFET., EERHBEHR, 2
LAY TF—v BIXO MY EBROBEOGH (Fr7oAnéHinés oMo E
HECESLS) OFEABFTONDIN, TUHIRBES LY, HA FAERFEHKICIT.
AT A4 REBEBIOEEAREME (F2b5H, Nitonol) OFEANETLNDN,
INHRELTLHBIBESND DT TRV,

[007 4]

fExOR Y 7RIV =a—VEEBEEZ, ALBBLC /3 ELBROXFEE2EMLT L2
WDIZECRBEBICRENTRBY, 22T, MiKE2, RBCREZ2HORESE, FEOD
DEBEICLE > TRALETFONIMBOBEEMAR D EEIRAALICEVWT, ALEBI® Fk
BELEZBEBBSEDL, ZoRRXTLERC TREHE] 21X, HEOFICEWTHELWLAR
CABHMERCEEILAIA VO TBI A= —VEBEERTEL, DERZ TPEE] 571
DIHEHINBEHIZEREBLGICEBBEINGED, LEANTREIZ. R0 EDLEIC
MHT=2—VEAREBET LI LICLsTEHRINAE, R 71E, LEAXZMK THREE I
FTRETIEDICHEAEINLETZ, 2hid, ALETCHRICEATHLHE L, FEr, AOEIX
VELERL RV LomBEEfE IS T, ZO/E. RO, FO=EIE. MEIR

10

20

30

40

50

Maquet, Ex. 2001-185

IPR2017-02151
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WA EOMRESRGET D, ALERBIQO/ ERFELEN, FiHoMicEAESIRE
REFEZEFIERINERECODIGAIC, 2PN ELED, PREIX., MiKE2HLEICE
HNICHBE T2 LICL-sTZoMEEZRERL., ZhickY, MEOMEBIR~DOREEEL R
BT 5, TOR—OHEMEFRA L TELEALTFTRBEL, RWT, EDLENDRKRBR~D
MEROEZEEEDICLED,

[007 5]

AKFERHOLZL OFHIZ, RFTORTEEHAGLE TAPMEZGA THETICHALNTDH
V., 2ZC, AERZZREST. AERERICEAIND,

[ X & o> i B 72 38 )

[M1] X1, fimse LT, ELBEHZRET 272DICHZHY 58 CAE R
BNDZAFEHOE 1 OEIEVWEEICKEST (A== Y¥ | BI /4 B2 0LE
NIIMER > 7T AT L0 T 5 FLOIBROMOoWERTH 5,

[M2] X2, KEWAOH ROERVEICHK > T —F —BEBREHRB IO — VR IR%E
VAT LEZOHIICARINDBOT A FAIRBLEANMKER > 7L 27 L0MEK TH 2

[M3] M3k, AEHOFE 1 OWEENREIZHS ., MENMLKFR Y 7> A7 A0OIMiK
Ry 7, BE#hr—7 A7t 7V, B0 =a—LoOGIRNAEREZART 2HEKET
» 5,

[K4] M4z, REHOF1OWEVWEBHEIZKES . BB —T AT 2T IBIOH
A FHBEOFTRHEREZ RTRIOML -4 ICHh-- TEROLNEZBER TS 5.

[K5] K5k, REHOE1ORWEWVEREICHKE D, T—F —#EHS L= UiE
REVATAOFTROEREFART AZHRK TH B,

[Ke6] Meix, flae LT, ZOUEMBZRET 272027 %88 2 5k CAE
BNDAFKEHOE 2 OMWEIEWVREICHE > T RBEH ) F/203 SR B8 1 N
EETOHMENMBEAR S 7 AT 220" 7T 258 bLBOMaBmEK TH S,

[M7] K73, AEHOFATROEMBEICHE) T— X — BRI O —Vik%EE
VAT LAEEGUOROICAREINDIBEOT A RARMLENMLER Y 7 AT 2A0MEK TH D

(8] R8I, KEWOH2OWEVRDEICHES . [HEREH) *mE REL R
MHA L2 R TR TOMS — 8T~ THRONEWERTH D,

(9] Ok, KEWOHE2DBEVRBEICHED . F A FHHEOREOHEKEZ R+
SIRENIHMOMER TH 5,

[H10] M1O0E, filme LT, EUBMBIZRET D7D &MY 5 Ak CALE
FITONDIAFEHAOE3IOWENREICHEST (A R T—FT V) A4 Nz HT
HMENMBER Y 7Y AT A EHRT 5L NLIBOTSWER TH 5,

[(FM11] 113, KEBREEL CHASK, 2L THA R T — 7 42 KBRS IR
CAB GBS THROMEREZERT 2 20OEEORKT L7 ) 28T, K1
OWRTRENLIHMOMBENMER Y L AT L 2607RT5 FOBKBRTH 5,

(M12] M121F. ARPAOEIOREVREEICHKS ., MFENMEKY 7> 27 A%
RENIHRET 2R T T2 7YV BLOCRET 7 ) OgHA AR ZH < 5K
10~1 1R ENDMENMBARY 7L AT AOMERKTH D,

[(M13] M13iF, ARPAOE3OEEVREICHKS . HET LY T VL Ry ¥
ENERUV T TRV TV EETARL 2ICRENAIMENMBER L 7L AT 2% H7T 5
MERTH 5.,

[(K14] K143, H13CRENIMENMERY T 2T ADMIEAEY 7. BE
=T Ama—b, BEOAA RHT =T L OFRG MK E IR 28 EETH 5
[M15] 15 AXRHOEIOWEVREICES . BBIFr—7 A7 Er 7 V5L
OCHARADTF—FLOFFHHEREFRT D1 4081 5~1 5129 > TH S LW E
MTh D,
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[M16] K161, AEHOE3IOWBEWVREICHKED ., T—F —@EFBEH., = IHKE
EEVAT A, BXOVA RIT—TAGBET YT U OMEAE 55 O Fl R 8 #E L% Flr 3
LMmEKTH D,

[M17] W17, REAOFEIOBEVRBEICHKES, BEHRT Y7 IRBIBHA R
NT—=TNMGBET T ) OBEMTE SOOI R REREFATRTTI2HERTH D,
(18] K18k, KEHDOFBEIZWES, Y27V RRNIe—4%—%FyX o775
FODORBEOMBEEETS, M1 2~1 30 RENHIBOMBENMLIER L 72 2T 50K
mHEXTH 5,

[BM19] 19X, #lr&E LT, ALOMHEBAZRETL27-DICHR LY 5 MM T E
HTONDEZARBEHOE 1 OWEWRHEHICHKE>T (A —N"N—TU14 ¥ BTA FEEE2HET S
REOMENMBER Y 7V ATLE5FRTIHE PLBOBIWHERTH 5,
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