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MAQUET 
GETINGE GROUP 

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 Maquet, 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, 
Maquet is willing to discuss entering into an agreement with Abiomed for a license to some or all of the 
Maquet 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. 

Ajey Atre 
Managing Director, 
Maquet 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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Appendix A 
U.S. Patent No. 7,022,100 

 

 

Claims Infringement Analysis 

16. An intravascular blood pump 

system comprising:  

 

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

 

 

 

an intravascular blood pump 

having a cannula coupled thereto, 

 

The above-identified Impella products include a cannula coupled to the blood pump. 

 

Impella 2.5 
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Impella 5.0 

 

 
 

Impella CP 
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Impella RP 

 
 

a guide mechanism adapted to 

guide said intravascular blood 

pump and cannula 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: 

 

 
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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a blood pressure detection 

mechanism to detect the pressure 

of the blood proximate at least one 

of the intravascular blood pump 

and cannula.  

 

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 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 
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APPENDIX B 
Claim Chart – U.S. Patent No. 8,888,728 
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Appendix B 
U.S. Patent No. 8,888,728 

 
 

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  

 
 

 

Rotor Blade 

Rotor Hub 

Distal Direction 

 

Maquet, Ex. 2001-10
IPR2017-02151



F.R.E. 403 

 

2 
 

Appendix B – ’728 Patent 
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Impella CP.   

 

 

 
 

 

(1b) a shroud within 

which the rotor is 

rotatably disposed; 

 

The above-identified Impella blood pumps have a rotor within a shroud.   
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Impella 2.5/5.0/RP 

 

 
Impella CP.   

 

 
 

Shroud 

Rotor 

Maquet, Ex. 2001-12
IPR2017-02151



F.R.E. 403 

 

4 
 

Appendix B – ’728 Patent 
  

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 

 

 
 

Impella 5.0 
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Claims Infringement Analysis 

Impella CP 

 
 

Impella RP 

 
 

 

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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(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 

 
 

 

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). 

 

(1e) 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: 
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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 
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Impella 5.0 

 

 
 

 

Impella CP 
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Impella RP 

 
 

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.   
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Impella 2.5 

 
Impella CP.   

 

 
 

Rotor Blade 

Rotor Hub 

Distal Direction 
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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 

 

 
 

 

Impella CP.  
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(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 

 

 
 

Impella CP.   
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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: 

 

 
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.   
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Claims Infringement Analysis 

the cannula and 

intravascular blood 

pump; and 

 

 

Impella 2.5 

 

 

 
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 
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Claims Infringement Analysis 

Impella CP 

 

 
 

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 

 

 

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 

distal portion of the 

blade and a shroud 

within which the rotor is 

rotatably 

disposed; 

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

 

Impella 2.5/5.0/RP  

 
 

Rotor Blade 

Rotor Hub 

Distal Direction 

 
Shroud 
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Claims Infringement Analysis 

  

Impella CP  

 

 
 

 

[1b] (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; 

 

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

claimed.   
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Claims Infringement Analysis 

 

Impella 2.5 

 

 
See also Impella 2.5 Manual, p. 3.4 

 

Impella 5.0 

 

 
See also Impella 5.0 Manual, p. 3.3. 
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Claims Infringement Analysis 

 

 

Impella CP 

 
See also Impella CP Manual, p. 3.4. 

 

Impella RP 

 
 

See also Impella RP Manual, p. 3.3. 
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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 

 
 

 

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). 

 

[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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Claims Infringement Analysis 

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,  

 

Impella 2.5 

 

 
 

 

 
Impella 2.5 Manual, p. 3.4. 
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Claims Infringement Analysis 

 

Impella 5.0 

 

 
See also Impella 5.0 Manual, p. 3.3. 

 

 

 

Impella CP 

 
See also Impella CP Manual, p. 3.4. 
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Claims Infringement Analysis 

 

Impella RP 

 
 

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 
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Claims Infringement Analysis 

 
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 

blood pump system 

along the guide wire to 

the predetermined 

location. 

 

The above-identified Impella pumps meet this limitation. 

 

Impella 2.5 

 

 
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 

perfusing a patent with 

an intravascular blood 

The Impella 2.5 and Impella CP are intravascular blood pumps. 
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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 

 
 

 

 

 

 

 

 

 

 

Rotor Blade 

Rotor Hub 

Distal Direction 
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Claims Infringement Analysis 

Impella CP.   

 

 

 
 

[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.   
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Claims Infringement Analysis 

Impella 2.5 

 

 
 

See also Impella 2.5 Manual, p. 3.4. 

 

Impella CP 

 
 

 

See also Impella CP Manual, p. 3.4. 
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[10c] (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;  

 

The above-identified Impella blood pumps meet this limitation.   

  

Impella 2.5 

 

 
 

 

Impella CP 

 
 

 

 

Maquet, Ex. 2001-38
IPR2017-02151



F.R.E. 403 

14 

Appendix C – ’815 App. 
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[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: 

 

 
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.   
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sized substantially 

smaller than an inner 

diameter of the cannula 

and intravascular blood 

pump;  

 

Impella 2.5 

 

 

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

 

 

[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 
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Impella CP 

 

 
 

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. 

[10i] 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 
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Impella 2.5 Manual, p. 5.13; see also Impella CP Manual, p. 5.13 (stating the same). 

[10j] advancing the 

blood pump system 

along the guide wire to 

the predetermined 

location. 

 

The above-identified Impella pumps meet this limitation. 

 

Impella 2.5 

 
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. 
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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; 

 

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

 

Impella 2.5/5.0/RP  

 
 

 

 

 

 

 

 

 

 

 

Rotor Blade 

Rotor Hub 

Distal Direction 

 
Shroud 
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Impella CP.   

 

 
 

(ii) 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 

 

 
 

 

Impella 5.0 
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Impella CP 

 
 

Impella RP 

 
 

 

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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(iii) 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 

 

 
 

 

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 
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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 

 

 

 

 
Impella 2.5 Manual, p. 3.4. 
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Impella 5.0 

 
See also Impella 5.0 Manual, p. 3.3. 

 

 

 

Impella CP 

 
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 

 

 
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. 
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Impella 2.5 

 
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). 
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IN THE UNITED STATES DISTRICT COURT 
 
 

MAQUET Cardiovascular LLC  
 
 Plaintiff, 
 
vs. 
 
Abiomed Inc., Abiomed R& D, Inc., 
Abiomed Europe GmbH 
 
 Defendants. 
 

 
 
 
    CIVIL ACTION NO. _________________ 
 
     JURY DEMAND 

 
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 as to the actions of others, as follows: 

THE PARTIES 

1. Plaintiff MAQUET Cardiovascular LLC (“Maquet” ), is a limited liability 

company formed and existing under the laws of Delaware having its principal place of business 

in Mahwah, New Jersey.  Maquet is a leader 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 devices that 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. is a 
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Delaware Corporation having its principal place of business at 22 Cherry Hill Dr., Danvers, MA 

01923-2599.  Abiomed Europe GmbH is a German Company having its principal place of 

business at Neuenhofer Weg 3, Aachen, Nordrhein-Westfalen 52074, Germany.  Abiomed, Inc., 

Abiomed R&D, Inc., and Abiomed Europe GmbH are engaged in the business of manufacturing 

and distributing intravascular blood pumps.        

JURISDICTION AND VENUE 

3. This action arises under the Patent Act, Title 35 of the United States Code, and is 

an action for patent infringement under § 271. 

4. This Court has jurisdiction over the subject matter of this action pursuant to 

28 U.S.C. §§ 1331 and 1338(a). 

5. This Court has personal jurisdiction over the Defendants under this State’s long-

arm statute and consistent with the underlying due process principles of the U.S. Constitution.  

Upon information and belief, Defendants are doing business in this State and District, have 

significant contacts in this State and District, have offered for sale and sold infringing products in 

this State and District, and have committed acts in this State and District that are the subject of 

the counts set forth herein. 

6. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b) and (c) and  

1400(b).   

CLAIM I – INFRINGEMENT OF U.S. PAT. NO. 7,022,100 

7. The allegations contained in Paragraphs 1 through 6 above are incorporated 

herein by reference. 

8. On April 4, 2006, the United States Patent Office duly and lawfully issued United 

States Patent No. 7,022,100 entitled “Guidable Intravascular Blood Pump and Related Methods” 
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(“the ’100 Patent”).  Maquet is the lawful owner of all right, title, and interest in and to the ’100 

Patent, including the right to sue and recover for past infringement thereof.  A true and correct 

copy of the ’100 Patent is attached hereto as Exhibit A.   

9. Defendants have directly infringed, and continue to directly infringe, the claims of 

the ’100 Patent, including at least claim 16, in violation of 35 U.S.C. § 271(a).  During the term 

of the ’100 Patent, Defendants have made, used, offered to sell, sold, and/or imported into the 

United States intravascular blood pumps including at least the Impella 2.5, the Impella 5.0, the 

Impella CP, and the Impella RP, and continue to do so, all without authority from the patent 

holder.  These products include:  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 pressure of blood proximate at least one of the intravascular blood pump 

and cannula.  

10. Defendants have knowledge of the ’100 Patent at least by virtue of this complaint.  

Furthermore, on information and belief, Defendants have had knowledge of the ’100 Patent 

before the filing of this suit, as evidenced at least by the identification of the ’100 patent in 

Abiomed, Inc.’s International Patent Application No. PCT/US2011/062851 on February 20, 

2012.  Abomed, Inc.’s employees Zhenghong Tao, Stephen Vaughan, and Marie-Eve Mongeau 

are named inventors on this application.  Abiomed, Inc. also disclosed the ’100 Patent in a March 

11, 2014 Information Disclosure Statement by Applicant submitted during the prosecution of 

U.S. Patent Application No. 13/552,366, assigned to Abiomed, Inc., which names the following 

Abiomed, Inc. employees as inventors: Caitlyn Hastie, Frank Kirchhoff, and Thorsten Siess. 
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11. Despite this knowledge, Defendants’ infringement has been and continues to be 

willful and deliberate because Defendants know, or are willfully and deliberately ignoring an 

objectively high risk, that each of their actions constituted infringement of the ’100 Patent. 

12. Defendants have also indirectly infringed, and continues to indirectly infringe, the 

claims of the ’100 Patent, including at least claim 16, in violation of 35 U.S.C. § 271(b) and (c).  

During the term of the ’100 Patent, Defendants’ customers have infringed the patent by at least 

using, offering for sale or selling in the United States intravascular blood pumps including at 

least the Impella 2.5, the Impella 5.0, the Impella CP, and the Impella RP, and continue to do so, 

all without authority from the patent holder.  Upon information and belief, Defendants know 

their customers’ conduct infringes the claims of the ’100 Patent, and/or Defendants are willfully 

and deliberately ignoring an objectively high risk that their customers’ conduct infringes the 

claims of the ’100 Patent.   

13. Despite their knowledge, Defendants have encouraged and to aid and abet, and 

continue to encourage and aid and abet, their customers to infringe the claims of the ’100 Patent.   

14. Despite their knowledge, Defendants have sold and continue to sell to their 

customers Defendants’ intravascular blood pumps including the Impella 2.5, the Impella 5.0, the 

Impella CP, and the Impella RP.  These Impella blood pumps are a material part of the invention 

claimed in the ’100 Patent, and the Impella blood pumps are not a stable article or commodity of 

commerce suitable for substantial noninfringing uses.  

CLAIM II – INFRINGEMENT OF U.S. PAT. NO. 8,888,728 

15. The allegations contained in Paragraphs 1 through 14 above are incorporated 

herein by reference. 
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16. On Nov. 18, 2014, the United States Patent Office duly and lawfully issued 

United States Patent No. 8,888,728 entitled “Guidable Intravascular Blood Pump and Related 

Methods” (“the ’728 Patent”).  Maquet is the lawful owner of all right, title, and interest in and to 

the ’728 Patent, including the right to sue and recover for past infringement thereof.  A true and 

correct copy of the ’728 Patent is attached hereto as Exhibit B.   

17. Defendants have directly infringed, and continues to directly infringe, the claims 

of the ’728 Patent, including at least claims 1 and 10, in violation of 35 U.S.C. § 271(a).  During 

the term of the ’728 Patent, Defendants have made, used, offered to sell, sold, and/or imported 

into the United States intravascular blood pumps including at least the Impella 2.5, the Impella 

5.0, the Impella CP, and the Impella RP, and continue to do so, all without authority from the 

patent holder.  These products include:  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; 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; and 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 slidably advance therealong. 
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18. Defendants have knowledge of the ’728 Patent at least by virtue of this complaint.   

19. Defendants have also indirectly infringed, and continue to indirectly infringe, the 

claims of the ’728 Patent, including at least claims 1 and 10, in violation of 35 U.S.C. § 271(b) 

and (c).  During the term of the ’728 Patent, Defendants’ customers have infringed the patent by 

at least using, offering for sale or selling in the United States intravascular blood pumps 

including at least the Impella 2.5, the Impella 5.0, the Impella CP, and the Impella RP, and 

continue to do so, all without authority from the patent holder.  Upon information and belief, 

Defendants know their customers’ conduct infringes the claims of the ’728 Patent, and/or 

Defendants are willfully and deliberately ignoring an objectively high risk that its customers’ 

conduct infringes the claims of the ’728 Patent.   

20. Despite their knowledge, Defendants have encouraged, and continues to 

encourage, its customers to infringe the claims of the ’728 Patent.   

21. Despite their knowledge, Defendants have sold, and continue to sell to their 

customers Abiomed’s intravascular blood pumps including the Impella 2.5, the Impella 5.0, the 

Impella CP, and the Impella RP.  These Impella blood pumps are a material part of the invention 

claimed in the ’728 Patent, and the Impella blood pumps are not a stable article or commodity of 

commerce suitable for substantial noninfringing uses.  

 

RELIEF SOUGHT 

Plaintiff Maquet respectfully seeks that the Court grant the following relief: 

A. Enter judgment for Maquet and against Defendants for infringement of the ’100 

Patent;  
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B. Enter judgment for Maquet and against Defendants for induced infringement of 

the ’100 Patent;  

C. Enter judgment for Maquet and against Defendants for contributory infringement 

of the ’100 Patent;  

D. Enter judgment that each Defendant’s infringement of the ’100 Patent was and is 

willful; 

E. Enter judgment for Maquet and against Defendants for infringement of the ’728 

Patent;  

F. Enter judgment for Maquet and against Defendants for induced infringement of 

the ’728 Patent;  

G. Enter judgment for Maquet and against Defendants for contributory infringement 

of the ’728 Patent;  

H.  Preliminarily and permanently enjoin Defendants, their officers, directors, 

principals, agents, sales representatives, servants, employees, successors, assigns, affiliates, 

subsidiaries and all those acting in concert or participation with them, from directly or indirectly 

infringing, inducing infringement or contributing to the infringement of any claim of the ’100 

Patent or the ’728 Patent; 

I. Enter judgment in favor of Maquet and against Defendants in an amount that will 

adequately compensate it for Defendants’ infringement, but under no circumstances an amount 

less than a reasonable royalty for Defendants’ use of the Maquet’s patented inventions; 

J. Enter judgment in favor of Maquet and against each Defendant for three times the 

amount of damages awarded for each Defendants’ infringement of the ’100 Patent pursuant to 35 

U.S.C. § 284 because of their willful infringement; 
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K. Enter judgment in favor of Maquet and against Defendants for pre-judgment 

interest on all damages awarded; 

L. Enter judgment in favor of Maquet and against Defendants finding that this case 

is “exceptional” under 35 U.S.C. § 285, and enter an award to Maquet of its reasonable 

attorneys’ fees, expenses, and costs incurred in this action; 

M. Enter judgment in favor of Maquet and against Defendants for Maquet’s costs of 

suit; and  

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

 Plaintiff Maquet requests a trial by jury. 
 
  
 
 Respectfully submitted this ____ day of December, 2015. 
 

 
______________________________ 
 
Alston & Bird LLP 
 
Attorneys for Plaintiff MAQUET Cardiovascular 
LLC 
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Description

Field of the Invention

[0001] The present invention 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. It is 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 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
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 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.
[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
it is 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. 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.
[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 present invention 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,
an intravascular 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] 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.
[0016] In a further embodiment, the cannula is coupled
to the shroud of the intravascular blood pump.

[0017] 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 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] 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.
[0026] In a further embodiment, the guide wire is for
passage through a lumen extending through the drive
cable and rotor.
[0027] 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.
[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. 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 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. 5 is 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 present invention 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] 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 compli-
ance with system-related and business-related con-
straints, which will vary from one implementation to an-

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 present invention involves 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 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 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
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 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

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] 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 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

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 a housing 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
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 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

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] 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 can-
nula 14 arrangement, wherein the cannula 14 is equipped
with a "side-rigger" or "rapid exchange" guide mecha-
nism 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 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 present invention. In a preferred em-
bodiment, the "side-rigger" guide mechanism 122 in-
cludes 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 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-
cular 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.
[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

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
then be 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 output may 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 that the guidable intravascular blood pump sys-
tems 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 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 present invention.
[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, it is 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-
ficient 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. 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

pressure sensing feature comprises at least one
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).

2. 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)

3. 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.

4. 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).

5. 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.

6. 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).

7. 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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8. The intravascular blood pump of claim 1, wherein
the guide mechanism (16) is the "over-the-wire"
guide mechanism.

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

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

11. 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.

Patentansprüche

1. Intravaskuläres Blutpumpsystem zur ventrikulären
Unterstützung, umfassend:

eine intravaskuläre Blutpumpe (12) mit einer
distal an diese gekoppelten Kanüle (14), wobei
die intravaskuläre Blutpumpe (12) ein Pumpen-
gehäuse (34), eine Rotorumhüllung (36) mit
Fließöffnungen (38) und einen im Inneren an-
geordneten Rotor (44) enthält, der eine Welle
hat, die drehbar innerhalb des Pumpengehäu-
ses (34) angeordnet ist, sowie ein Flügelrad, das
drehbar innerhalb der Rotorumhüllung (36) an-
geordnet ist,
wobei die Kanüle (14) eine Vielzahl von Öffnun-
gen (40) um ihren distalen Bereich herum und
eine Endöffnung (42) umfasst,
ein Blutdruckmessmerkmal, das in mindestens
einem Element ausgewählt aus der intravasku-
lären Blutpumpe (12) und der Kanüle (14) auf-
genommen ist, wobei das genannte Blutdruck-
messmerkmal mindestens ein Element ausge-
wählt aus einem fluidgefüllten Lumen, einem pi-
ezoelektrischen Druckmesselement, einem
Dehnungsmessstreifen und einer Analyse des
Drehmoment/Strom-Verhältnisses basierend
auf dem dynamischen Druckdifferential zwi-
schen dem Einlass und dem Auslass der Blut-
pumpe (12) umfasst,
einen Führungsdraht (22), der dazu geeignet ist,
in das vaskuläre System eines Patienten einge-
führt zu werden, und
einen Führungsmechanismus (16), der dazu ge-
eignet ist, die genannte intravaskuläre Blutpum-
pe und Kanüle zu einer vorgegebenen Stelle in-
nerhalb des Blutkreislaufsystems eines Patien-
ten zu führen, wobei der Mechanismus

(a) ein "Over-the-Wire"-Führungsmecha-

nismus ist, wobei ein zentrales Lumen
durch mindestens einen Abschnitt der intra-
vaskulären Blutpumpe (12) hindurch aus-
gebildet ist, derart, dass der Führungsdraht
(22) durch dieses fortbewegt werden kann,
oder
(b) ein "Schnellwechsel"-Führungsmecha-
nismus, wobei ein Seitenlumen entlang ei-
ner Länge mindestens eines Elements aus-
gewählt aus der intravaskulären Blutpumpe
(12) und der Kanüle (14) ausgebildet und
so bemessen ist, dass es den Führungs-
draht (22) verschiebbar aufnimmt, derart,
dass die Blutpumpe und die Kanüle entlang
des Führungsdrahtes (22) vorgeschoben
werden können.

2. Intravaskuläres Blutpumpsystem nach Anspruch 1,
und wobei ferner die genannte Kanüle (14) mit der
genannten Umhüllung (36) der genannten intravas-
kulären Blutpumpe (12) gekoppelt ist.

3. Intravaskuläres Blutpumpsystem nach Anspruch 1,
und wobei ferner die genannte intravaskuläre Blut-
pumpe (12) und die Kanüle (14) selektiv zu der ge-
nannten vorgegebenen Stelle innerhalb des
Gefäßsystems des Patienten vorgeschoben werden
können, indem zunächst der genannte Führungs-
draht (22) zu der genannten vorgegebenen Stelle
geführt wird und daraufhin die genannte intravasku-
läre Blutpumpe (12) und die Kanüle (14) entlang dem
genannten Führungsdraht (22) zu der genannten
vorgegebenen Stelle geschoben werden.

4. Intravaskuläres Blutpumpsystem nach Anspruch 1,
wobei die Kanüle (14) mit einem spiralgewickelten
Draht verstärkt ist, der in einer Wand der Kanüle (14)
eingebettet ist.

5. Intravaskuläres Blutpumpsystem nach Anspruch 1,
wobei die Kanüle (14) derart konfiguriert ist, dass sie
in einer transvalvulären Position für linksventrikuläre
Unterstützungsverfahren platziert werden kann.

6. Intravaskuläres Blutpumpsystem nach Anspruch 1,
wobei die genannte Kanüle (14) einen Durchmesser
von 3 Millimeter (9 Charriäre) bis 10 Millimeter (30
Charriäre) umfasst.

7. Intravaskuläres Blutpumpsystem nach Anspruch 1,
wobei das Lumen des Führungsmechanismus inner-
halb einer Wand der Kanüle (14) ausgebildet ist.

8. Intravaskuläres Blutpumpsystem nach Anspruch 1,
wobei der Führungsmechanismus (16) der soge-
nannte "Over-the-Wire"-Führungsmechanismus ist.

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

10. Intravaskuläres Blutpumpsystem nach Anspruch 1,
wobei der Führungsmechanismus (16) der Schnell-
wechsel-Führungsmechanismus (122) ist.

11. lntravaskuläres Blutpumpsystem nach Anspruch 10,
wobei der Führungsmechanismus einen Führungs-
schlitten (124) enthält, der entlang wenigstens eines
Abschnitts der Kanüle (14) ausgebildet ist und durch
den sich das Lumen erstreckt.

Revendications

1. Système de pompe à sang intra-vasculaire pour as-
sistance ventriculaire, comprenant

- une pompe à sang intra-vasculaire (12) munie
d’une canule (14) couplée à celle-ci de manière
distale, la pompe à 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 à l’intérieur
possédant un arbre disposé pour tourner à l’in-
térieur du corps de pompe (34) et une hélice
disposée pour tourner à l’intérieur de l’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’extrémité (42) ;
- un instrument de mesure de la tension artérielle
intégré dans au moins l’une de la pompe à sang
intra-vasculaire (12) et de la canule (14), dans
lequel ledit instrument de mesure de la tension
artérielle comprend au moins l’un parmi une lu-
mière remplie de fluide, un élément de détection
de pression piézo-électrique, une jauge de con-
traintes et une analyse de la relation couple/cou-
rant en se fondant sur le différentiel de pression
dynamique entre l’entrée et la sortie de la pompe
à sang (12),
- un fil guidage (22) apte à être introduit dans le
système vasculaire d’un patient ; et
- un mécanisme de guidage (16) adapté à guider
ladite pompe à sang intra-vasculaire et ladite
canule jusqu’à un emplacement prédéterminé,
à l’intérieur du système circulatoire d’un patient,
qui est

(a) un mécanisme de guidage « à passage
de guide-fil » dans lequel une lumière cen-
trale est formée à travers au moins une por-
tion de la pompe à sang intra-vasculaire
(12), de telle sorte que le fil de guidage (22)
puisse progresser à travers celle-ci ; ou

(b) un mécanisme de guidage « à échange
rapide » dans lequel une lumière latérale
est formée sur une longueur d’au moins
l’une de la pompe à sang intra-vasculaire
(12) et de la canule (14) et est dimensionnée
de manière à recevoir, par glissement, le fil
de guidage (22), de telle sorte que la pompe
à sang et la canule puissent être avancées
le long du fil de guidage (22).

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

3. Système de pompe à sang intra-vasculaire selon la
revendication 1 et, en outre, dans lequel ladite pom-
pe à sang intra-vasculaire (12) et ladite canule (14)
peuvent être avancées, de manière sélective, jus-
qu’au dit emplacement prédéterminé à 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 faisant glisser ladite pom-
pe à sang intra-vasculaire (12) et ladite canule (14)
le long dudit fil de guidage (22) jusqu’au dit empla-
cement prédéterminé.

4. Système de pompe à 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).

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

6. Système de pompe à sang intra-vasculaire selon la
revendication 1, dans lequel ladite canule (14) pré-
sente un diamètre compris entre 3 millimètres (9 sur
la jauge française) et 10 millimètres (30 sur la jauge
française).

7. Système de pompe à sang intra-vasculaire selon la
revendication 1, dans lequel la lumière du mécanis-
me de guidage est formée à l’intérieur d’une paroi
de la canule (14).

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

9. Système de pompe à sang intra-vasculaire selon la
revendication 8, dans lequel la lumière centrale
s’étend à travers la pompe à sang (12), la canule
(14) et un câble d’entraînement (18).
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10. Système de pompe à sang intra-vasculaire selon la
revendication 1, dans lequel le mécanisme de gui-
dage (16) est le mécanisme de guidage à échange
rapide (122).

11. Système de pompe à 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 à
travers lequel s’étend la lumière.
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