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Patent 

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

Related Applications 

This application is a divisional of co-pending 

U.S. Patent Application se:rial No. 10/070,178, filed July 

5 19, 2002, which claims the benefit of PCT/US00/24515 

filed September 1, 2000, which claims the benefit of 

provisional U.S. Patent Application Serial No. 60/152,249 

filed September 3, 1999. 

10 

Field of the Invention 

The present invention relates generally to 

blood pumps and, more particularly, to an improved intra­

vascular blood pump having a guide mechanism which 

provides the 

intravascular 

ability 

pump to 

to selectively guide the 

a desired ·location within a 

15 patient's circulatory system. 

Description of Related Art 

Over the years, various cypes of blood pumps 

have been developed for the purpose of augmenting or 

replacing the blood pumping action of damaged or diseased 

2 0 hearts. Blood pumps are commonly used in three 

situations: (1) for acuce support during cardio-pulmonary 

operations; (2) for short-term support while awaiting 

recovery of the heart from surgery; or (3) as a bridge to 

keep a patient alive while awaiting heart 

25 transplantation. The pumps may be designed to provide 
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right and/or left ventricular assist, although left 

ventricle assist is the most common application in that 

it is far mor~ common for the left ventricle to become 

diseased or damaged than it is for the right ventricle. 

5 Blood pumps must provide leak-free operation 

and must avoid contamination of the fluid by the pump 

components and the external environment. Such pumps must 

also pump the fluid at a suitable rate without applying 

excessive Reynolds shear stress to the fluid. It is well 

10 known to those skilled in the art that lysis or cell 

destruction may result from application of shear stress 

to cell membranes. Red blood cells are particularly 

sus.ceptible to shear stress damage as their cell 

membranes do not include a reinforcing cytoskeleton to 

15 maintain cell shape. Lysis of white blood cells and 

platelets also occurs upon application of high shear 

stress. Lysis of red blood cells can result in release of 

cell contents which trigger subsequent platelet 

aggregation. Sublytic shear stress leads to cellular 

20 alterations and direct activation and aggregation of 

platelets and white blood cells. 

Intravascular blood pumps comprise 

miniaturized blood pumps capable of being percutaneously 

or surgically introduced into the vascular system of a 

25 patient, typically to provide left and/or right heart 

support. One type of intravascular pump is an axial flow 

blood pump comprising a cable-mounced rotor surrounded by 

a protective shroud. The pump, along with the rotor and 

shroud, are mounted at the end of an elongated flexible 

30 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 

35 encloses a rotating drive cable which is coupled to the 
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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 

5 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 during surgery or providing temporary bridging 

10 support to help a patient survive a crisis. 

While generally effective in providing 

ventricular assisting functions, prior art intravascular 

blood pumps nonetheless suffer various drawbacks. A 

significant drawback is that prior art intravascular 

15 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 

20 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 

25 inadvertently placed in the carotid ostia, which can be 

dangerous if the pump is operated to withdraw blood from 

the brain. 

To overcome these difficulties, certain guide 

mechanisms may be employed to assist the physician 

30 placing the pump in the appropriate position within the 

circulatory system. One type of supplemental guide 

mechanism is a guide catheter. Guide catheters are 

designed with certain guidability characteristics such 

that physicians can selectively position them within the 

35 vasculature or heart with relative ease. A central lumen 
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is provided within the guide catheter such that the 

intravascular pump may be introduced ~herein and guided 

while it is advanced towards the predetermined 

circulatory site. While generally effective at providing 

· a guiding feature 

employing such 

for such intravascular blood pumps, 

supplemental guide mechanisms is 

nonetheless disadvantageous in that they consume valuable 

space within the vessels. A guide catheter, for example, 

would necessarily be larger in diameter than the diameter 

10 of the pump and ·protective shroud in order to provide 

adequate passage of those components. As will be 

appreciated, this restricts ~he amount of space available 

for blood to flow within the particular vessel, and 

increases the size of the required puncture wound for 

15 

20 

accessing the vessel. 

The present invention is directed at 

eliminating and/or reducing the effects of the foregoing 

drawbacks of prior art intravascular blood pumps. 

Summary of the ~nvention 

The present invention overcomes the drawbacks 

of the prior art by providing an improved intravascular 

blood pump equipped with integrated features for 

selectively guiding the intravascular blood pump to a 

prede~ermined loca~ion in the patient's circulatory 

25 system, i.e. heart and/or vasculature. In so doing, the 

intravascular blood pump of the present invention 

eliminates the need for supplemental guiding mechanisms, 

such as a separate, large diameter guide· catheter as used 

in the prior art. 

30 In a first broad aspect of the present 

invention, an intravascular blood pump system is provided 

comprising an intravascular blood pump having a cannula 

coupled thereto and an "over-the-wire" type guide 

mechanism for selectively positioning the intravascular 

35 blood pump and cannula a~ a predetermined location within 

Page 6 of 724 ABIOMED Ex. 1003



Atty. Docket No.: 9261.17142-PCT US DIV 

- 5 -

the circulatory system of a patient. To accomplish this, 

a central lumen is formed through at least a portion of 

the intravascular blood pump system such that a guide 

element, such as a guide wire, may be progressed 

5 therethrough and advanced to the predetermined location 

in the circulatory system of the patient. After the guide 

element is advanced to this desired location, the 

intravascular blood pump and cannula may thereafter be 

advanced along the guide element to the desired location. 

10 In a second broad aspect of the present 

invention, an intravascular blood pump system is provided 

comprising an intravascular blood pump having a cannula 

coupled thereto and a "side-rigger" or "rapid exchange" 

type guide mechanism for selectively positioning the 

15 intravascular blood pump and cannula at a predetermined 

location within the circulatory system of a patient. To 

.accomplish this, a side lumen is formed along a length of 

at least one of the intravascular blood pump and the 

cannula. A guide element, such as a guide wire, may be 

20 advanced to the predetermined location in the circulatory 

system of the patient. After the guide element is 

advanced to this desired location, the intravascular 

blood pump and cannula may thereafter be advanced along 

the guide element to the desired location. 

25 In a third broad aspect of the present 

invention, an intravascular blood pump system is provided 

comprising an intravascular blood pump having a cannula 

coupled thereto and a "guide tatheter" type guide 

mechanism for selectively positioning the intravascular 

30 blood pump and cannula at a predetermined location within 

the circulatory system of a patient. The pump system of 

this broad aspect includes a conduit assembly and a 

separate pump assembly. The conduit assembly includes a 

guide catheter, a rotor shroud, and a cannula, with the 

35 ca~~ula and guide catheter disposed on either side of the 
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rotor shroud. The pump assembly includes a rotor, a drive 

member coupled to the rotor, and a pump disposed between 

the rotor and the drive member. The _guide catheter is 

dimensioned to receive and guide the pump assembly to the 

5 point where the rotor docks within the rotor shroud so as 

to form an operational blood pump. This configuration 

allows the conduit assembly to be precisely and 

efficiently guided into a desired position within the 

body through the use of conventional guiding techniques 

10 well known in interventional cardiology. The pump 

assembly may thereafter be introduced into and guided 

within the conduit until the pump assembly is docked 

within the rotor shroud. This dual construction 

arrangement provides improved placement of the pump 

15 assembly by using the conduit as a guiding mechanism. 

The foregoing broad aspects of the present 

invention may be manifested according to the following 

recitations: 

According to a first broad recitation of the 

20 present invention, an intravascular blood pump system is 

provided comprising an intravascular blood pump having a 

cannula coupled thereto, and a guide mechanism adapted to 

guide the intravasc;ular blood pump and cannula to a 

predetermined location within the circulatory system of a 

25 patient. 

In a further embodiment:, the intravascular 

blood pump includes a rotor, a shroud for receiving the 

rotor, and a drive cable coupled to the rotor for driving 

the roto~ within the shroud. 

30 In a further embodiment, the ca~~ula is 

coupled to the shroud of the intravascular blood pump. 

In a further embodiment, the guide mechanism 

comprises a guide catheter coupled to the shroud. 

In a further embodiment, the guide catheter 

3 5 may be used to guide the shroud and cannula to the 

Page 8 of 724 ABIOMED Ex. 1003



Atty. Dockec No.: 9261.17142-PCT US DIV 

- 7 -

predetermined location within the circulatory system of 

the patient, after which point the rotor and drive cable 

of the intravascular blood pump may be docked _.within the 

shroud for pump operation. 

5 In a further embodiment, the drive cable 

10 

sheath is provided having a central lumen for receiving 

the drive cable, and wherein a purge fluid delivery 

system is coupled to the drive cable sheath to deliver 

purge fluid to the rotor. 

In a further embodiment, the drive cable 

sheath includes at least one side lumen for delivering 

the purge fluid towards the rotor. 

In a further embodiment, a portion of the 

purge fluid is delivered through the at least one side 

15 lumen and past the rotor, and a portion of purge fluid is 

rerouted back from the rotor through the central lumen of 

the drive cable. 

In a further embodiment, a perfusion assembly 

is provided communicatively coupled to the guide catheter 

20 for selectively rerouting blood from within the guide 

catheter to a point downstream from the introduction site 

of the guide catheter into the vasculature of the 

. patient. 

In a further embodiment, the perfusion 

25 assembly includes a first conduit communicatively coupled 

to the guide catheter, a second conduit dimensioned to be 

introduced into the vasculature of the patient, and a 

selec~ively operable valve disposed in between the first 

conduit and the second conduit. 

30 In a further embodiment, a blood pressure 

detection mechanism is provided to detect the pressure of 

the blood proximate at least one of the intravascular 

blood pump and cannula. 

In a further embodiment, the blood pressure 

35 detection mechanism comprises at least one of fluid 
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filled column disposed within at least a portion of the 

cannula, a piezoelectric element coupled to at least one 

of the _intravascular blood pump and cannula, and a strain 

gauge coupled to at least one of the intravascular blood 

5 pump and cannula. 

In a further embodiment, the blood pressure 

detection mechanism involves calculating blood pressure 

based on the relationship between the torque and motor 

current of a motor used to drive the rotor. 

10 In a further embodiment, the guide mechanism 

comprises a guide element disposed at least partially 

within the cannula. 

In a further embodiment, the guide element 

comprises a guide wire for passage through a side lumen 

15 formed in the cannula. 

In a further embodiment, the guide element 

comprises a selectively deformable element disposed at 

least partially within the cannula. 

In a further embodiment, the intravascular 

20 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 

25 to the predetermined location. 

In a further embodiment, the guide element 

comprises a guide wire for passage through a lumen 

extending through the drive cable and rotor. 

In a furt:her embodiment, the intravascular 

30 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 

35 to the predetermine location. 
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In a further embodiment, the guide mechanism 

further includes guide element for passage through the 

guide catheter_to facilitate placement of the shroud and 

the cannula at the predetermined location within the 

5 vasculature of the patient. 

10 

In a further embodiment, the guide mechanism 

further includes a guide element for passage through a 

side'lumen formed along at least a portion of the guide 

catheter. 

In a further embodiment, the guide element 

comprises at least one of a guide wire and a balloon 

catheter. 

Brief Description of the Drawings 

Many advantages of the present invention will 

15 be apparent to those skilled in the art with a reading of 

this specification in conjunction with the attached 

drawings, wherein like reference numerals are applied to 

like elements and wherein: 

FIG. 1 is a partial sectional view of a human 

20 heart illustrating an intravascular blood pump system 

having an "over-the-wire" type guide mechanism according 

to a first broad aspect of the present invention 

positioned, by way of example, in a trans-valvular 

configuration to provide left-heart assist; 

25 FIG. 2 is side view of the guidable 

intravascular blood pump system of the t)~e shown in FIG. 

1 including a motor coupler and purge fluid delivery 

system according to an exemplary embodiment of the 

present invention; 

30 FIG. 3 is a cross-sectional view illustrating 

35 

an exemplary construction of the blood pump, drive cable 

assembly, and cannula of t.he intravascular blood pump 

system according to the first broad aspect of the present 

invention; 

FIG. 4 is a cross-sectional view taken along 
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lines 4-4 of FIG. 3 

construction of the drive 

mechanism according to the 

present invention; 

illustrating an exemplary 

cable assembly and guide 

first broad aspect of the 

5 FIG. 5 is a cross-sectional view illustrating 

an exemplary construction of the motor coupler and purge 

fluid delivery system according to the first broad aspect 

of the present invention; 

FIG. 6 is a partial sectional view of a human 

10 heart illustrating an intravascular blood pump system 

having a "rapid exchange" or "side-rigger" type guide 

mechanism according to a second broad aspect of the 

present invention positioned, 

trans-valvular configuration 

15 assist; 

by way of example, in a 

to provide left-heart 

FIG. 7 is side view of the guidable 

intravascular blood pump system of the type shown in FIG. 

6 including a motor coupler and purge fluid delivery 

system according to an exemplary embodiment of the 

20 present invention; 

25 

FIG. 8 is a cross-sectional view taken along 

lines 8-8 of FIG. 7 illustrating the "side-rigger" or 

"rapid exchange" type guide mechanism according to the 

second broad aspect of the present invention; 

FIG. 9 is a cross-sectional view of the type 

shown in PIG. 8 illustrating an alternate configuration 

of the guide mechanism according to the second broad 

aspect of the present invention; 

FIG. 10 is a partial sectional view of a human 

30 heart illustrating an intravascular blood pump system 

having a ''guide catheter" type guide mechanism according 

to a third broad aspect of the present invention 

positioned, by way of example, in a trans-valvular 

configuration to provide left-heart assist; 

35 FIG. 11 is a· schematic view of a human being 

Page 12 of 724 ABIOMED Ex. 1003



Atty. Docket No.: 9261.17142-PCT US DIV 

. - 11 -

illustrating the intravascular blood pump system of the 

type shown in FIG. 10 inserted through the femoral artery 

and including an optional perfusion assembly for 

perfusing the vasculature downstream from the incision 

5 site where guide catheter enters the femoral artery; 

FIG. 12 is a side view of the intravascular 

blood pump system shown in FIGS. 10-li illustrating the 

separable nature of a pump assembly and a conduit 

assembly which collectively form the intravascular blood 

10 pump system according to the third broad aspect of the 

present invention; 

FIG. 13 is a side view illustrating the 

intravascular blood pump system shown in FIG. 12 with the 

pump assembly docked into the conduit assembly according 

15 to the third broad aspect of the present invention; 

FIG. 14 is a cross-sectional view illustrating 

an exemplary construction of the blood pump, drive cable 

assembly, cannula, and guide catheter of the 

intravascular blood pump system shown in FIG. 13; 

20 FIG. 15 is a cross-sectional view taken along 

lihes 15-15 of FIG. 14 illustrating an exemplary 

construction of the d=ive cable assembly and guide 

catheter according to the third broad aspect of the 

present invention; 

25 FIG. 16 is a cross-sectional view illustrating 

an exemplary construction of the motor coupler, purge 

fluid delivery system, and a proximal portion of the 

guide catheter biasing assembly according to the third 

broad aspect of the present invention; 

30 FIG. 17 is a cross-sectional view illustrating 

35 

an exemplary construction of the perfusion assembly and a 

distal portion of the guide catheter biasing assembly 

according to the third broad aspect of the present 

invention; 

FIG. 18 is a cross-sectional view of an 
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intravascular blood pump system of the type shown in 

FIGS. 12-13 having an alternate configuration for docking 

the rotor within the shroud according to the principles 

of the present invention; and 

5 FIG. 19 is a partial sectional view of a human 

heart illustrating an alternate intravascular blood pump 

system having an "over -the-wire" type guide mechanism 

according to the first broad aspect of 

invention positioned, by way of example, 

the present 

in a trans-

10 valvular configuration to provide right-heart assist. 

Detailed Description of the Invention 

Illustrative embodiments of the invention are 

described below. In the interest of clarity, not all 

features of an actual implementation may be described in 

15 this specification. It will of course be appreciated that 

in the development of any such actual embodiment, 

numerous implementation-specific decisions must. be made 

to achieve the developers' specific goals, such as 

compliance with system-related and business-related 

20 constraints, which will vary from one implementation to 

another. Moreover, it will be appreciated that such a 

development effort night be complex and time-consuming, 

but would nevertheless be a routine undertaking for those 

of ordinary skill in the art having the benefit of this 

25 disclosure. 

The present invention involves an 

intravascular pump system for use in a number of broad 

ranging applications involving the augmentation of blood 

fl_ow within the circulatory system of a patient. As will 

30 be described below, the intravascular blood pump system 

of the present invention overcomes the drawbacks of the 

prior art by providing a guide mechanism as part of the 

intravascular blood pump. This adv~~tageously allows the 

intravascular blood pump to be selectively guided to a 

35 predetermined location within the circulatory system of a 
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patient without the need for bulky supplemental guide 

mechanisms, such as a separate guide catheter. 

The intravascular pump assem?ly of the present 

invention is particularly suited for trans-valvular use, 

5 such as for left and/or right ventricular assist 

procedures. By way of example only, such ventricular 

assist procedures may be employed in cardiac operations 

including, but not limited to, coronary bypass graft 

(CABG), cardio-pulmonary bypass (CPB), open chest and 

10 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 

15 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 

20 within the scope of the present invention. These and 

other variations and additional features will be 

described throughout. 

Referring to FIG. 1, shown is a guidable 

intra-vascular blood pump system 10 according to a first 

25 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 

30 assembly 20 are provided to drive the intravascular blood 

pump 12. The "over-the-wire" guide mechanism 16 comprises 

a suitable guide element dimensioned to pass slideably 

through a central lumen extending through the drive cable 

18, blood pump 12, and cannula· 14. Suitable guide 

35 elements may include any number of conventional guiding 
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devices, including but limited to those employed in 

cardiology. By way of example only, the guide element is 

shown as a guide wire 22. According to th,e present 

invention, the "over-the-wire" guide mechanism 16 

5 provides the ability to selectively guide the blood pump 

12 and cannula 14 to a predetermined position in the 

circulatory system of a patient, such as the trans­

valvular position shown. 

To accomplish this, the guide wire 22 is first 

10 introduced into the vascular system of a patient through 

any suitable access point, such as through the use of the 

well known Seldinger technique. The guide wire 22 can 

then be advanced within the patient to a desired location 

within the circulatory system of the patient. This may be 

15 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 

20 include, but are not necessarily limited to, guide 

catheters and/or techniques involving ultra-sound or 

flouroscopy. Once the guide wire 22 is positioned at the 

desired location (such as in left ventricle as shown), 

the blood pump 12 and cannula 14 may thereafter be 

25 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 

30 cannula 14) for delivery outward through ou~flow 

apertures formed in the blood pump 12. This outflow from 

the blood pump 12 flows along the exterior of the drive 

cable assembly 18 in a substantially axial fashion for 

arterial coupler 24 and, as will be described in greater 

35 detail below, a purge fluid distribution throughout.the 
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body. 

Referring to FIGS. 2-5, an exemplary 

embodiment of the intravascular blood pump system 10 of 

FIG. 1 will now be described. As shown in FIG. 2, the 

5 intravascular blood pump system 10 includes a motor 

delivery system 26 for providing a two-way fluid flow 

within the drive cable assembly 18 during pump operation. 

The purge fluid delivery system 26 includes a fluid inlet 

conduit 28 for introducing pressurized purge fluid from a 

10 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 

15 providing motive force to the blood pump 12 for pump 

operation. The drive cable assembly 18 includes a drive 

cable sheath 32 which, in addition to serving a purge 

fluid delivery function, also serves as a protective 

housing for the drive cable (not shown). Although shown 

20 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 

25 between the motor coupler 24 and purge fluid delivery 

system 26, located outside the patient, and the desired 

location wi~hin the pa~ient's circulatory system where 

the blood pump 12 is to be positioned. 

The intravascular blood pump 12 is shown (by 

30 way of example only) as an axial flow intravascular blood 

pump. The blood pump 12 incluc:ies pump body 34, a rotor 

shroud 36 having flow ports 38, and an internally 

disposed rotor (not shown) having a shaft rotatably 

disposed within the pump boc:iy 34 and an impeller 

35 rotatably disposed within the rotor shroud 36. The 
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cannula 14 is fixedly attached to the rotor sproud 36 and 

nay extend any suitable length therefrom depending upon 

the particular intravascular application. The cannula 14 

preferably includes a plurality of ports or fenestrations 

5 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 

10 the ports 40, 42 will allow the ingress of blood into the 

cannula 14 from the left ventricle. If, on the other 

hand, the blood pump 12 is configured for right-heart 

assist (i.e. with the pump 12 in the right atrium and the 

distal end of the cannula 14 located within the pulmonary 

15 artery), then the ports 40, 42 will allow the egress of 

blood from the cannula 14 into the pulmonary artery. 

(Details on right-heart assist applications will be 

discussed in greater detail below.) The pump 12 and 

cannula 14 may be dimensioned to any suitable diameter 

20 for intravascular applications. For example, the range of 

sizes may include, but is not necessarily limited to, 9 

French to 30 French, although the range is more 

preferably from 14 French to 24 French, and most 

preferably from 18 French to 20 French. 

25 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 

30 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 locat:ion within the 

circulatory system of a patient after the guide wire 22 

35 has been so positioned using conventional guidance 
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techniques. It is to be readily understood that, while 

shown as a conventional guide wire 22, the guide element 

.forming part of the guide mechanism 16 of the present 

invention nay include any number of well knoWil guidance 

5 mechanisms depending upon the application, including but 

not limited to balloon catheters, imaging wires, and 

guide catheters dimensioned to be slideably received 

through the central lumen. For example, although not 

appropriate for retrograde progression (such as the left-

10 heart application shoWil in FIG. 1), a balloon catheter 

may be a suitable guidance mechanism for a right-heart 

assist application. In such a case, the balloon may be 

inflated and used as a "sail" to direct the catheter to a 

desired location (such as the pulmonary artery), after 

15 which point the blood pump 12 and cannula 14 can be 

advanced over the catheter to a trans-valvular 

configuration with the blood pump 12 in the right atrium 

and the ports 38, 40 of the cannula 14 in the pulmonary 

20 

artery. 

FIGS. 3 and 4 further detail the construction 

of the blood pump 12, cannula 14, drive cable assembly 

18, and "over-the-wire" guide mechanism 16. The blood 

pump 12 includes a rotor 44 having a shaft 46 and an 

impeller 48. The shaft 46 is rotatably disposed within 

25 the rump body 34 via a bearing pack comprising, by way of 

example, ball bearing assemblies so, 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 

30 static and fixed position against the inner surface of 

the pump body 34, and a plurality of ball bearings 

disposed be~ween the inner and outer races. The spring 54 

biases each bearing assembly 50, 52 axially away from one 

another to reduce axial play during pump operation. The 

35 shaft 46 is generally hollow and dimensioned to receive a 
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cable adapter 60 therein for the purpose of coupling the 

rotor 44 to a drive cable 62 forming part of the drive 

cable as~embly 18. The drive cable .62 may be secured to 

the cable adapter 60 in any number of suitable fashions, 

5 including but not limited to the use of adhesives, 

crimping, and laser welding. These same techniques may be 

used to secure the cable adapter 60 within the shaft 46 

of the rotor 44. A radial seal 64 is provided in between 

the w~ll of the pump body 34 and a distal stepped region 

10 66 on the rotor shaft 46, the function of which will be 

described below. 

15 

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 

20 (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 

25 rotor hub 56 during pump operation, whether the guide 

wire 22 remains in place or is fully withdrawn. The 

blades 58 are dimensioned to reside in close tolerance 

with the interior surface of the shroud 36. In operation, 

the blades 58 impart both an axial and radial vector on 

30 ·~he blood which causes it to flow outward through the 

flow ports 38 formed in the shroud 36. As used herein, 

the term "axial flow" is deemed to include flow 

characteristics like that shown in FIG. 3, which include 

both an axial and slight radial component. It is to be 

35 readily appreciated that, although shown as an axial flow 
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type, blood pump 12 may comprise any number of sui'table 

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 

5 invention. 

The cannula 14 is coupled at its proxi~al 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 

10 dimensioning the shroud 36 to include a narrow inlet 

region 70 capable of being received flushly within the 

proximal end of the cannula 14. The inlet region 70 of 

the shroud 36 should preferably have a tapered interior 

surface for establishing a smooth flow transition between 

15 the cannula 14 and the region containing the impeller 

blades 58. Although shown as a single integral element, 

it is to be understood that the pump body 34 and shroud 

36 may comprise two separate (and sometimes separable) 

components, the significance of which will become 

2 0 apparent below. The pump body 34 a11d shroud 3 6 may be 

constructed from any number of suitable materials, 

including but not limited to stainless steel or other 

medical grade compositions or alloys. The cannula 14 may 

also be constructed from any number of suitable 

25 materials, including but not limited to medical grade 

plastics. As shown, the cannula 14 may also be fortified 

with spiral-wound reinforcement wire 72 within the walls 

of the cannula 14. 

The drive cable assembly 18 includes the drive 

30 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. 

35 The central lumen 74, along with the side lumens 76, also 
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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 ~rovided in fluid 

communication with the fluid inlet conduit 28, while the 

5 central ~umen 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 

10 drive cable 62. 

The pressurized purge fluid within the side 

lumens 76 may take one of two flow paths upon entry into 

the pump 12. One flow path passes through the interior of 

the pump 12 and onward past the radial seal 64 to prevent 

15 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 

20 64 can be controlled to effectively thwart the ingress of 

blood past the radial seal 64, which might otherwise 

cause clotting and/or pump damage. The other flow path is 

directed back out the central lumen 74 for delivery to 

the fluid outlet conduit 30. In so doing, this flow path 

25 bathes the components of the pump 12 and/or drive cable 

62 and thereby reduces frictional heating within the pump 

12 and/or the central lumen 74 of the sheath 32 during 

pump operation. 

The "over-the-wire" guide mechanism 16 

30 includes a central lumen through which the guide wire 22 

may extend for the purpose of slideably advancing the 

blood pump 12 and cannula 14 into a desired position 

within the circulatory system of a patient. In the 

embodiment shown, this central lumen is established by 

35 forming and co-aligning the individual central lumens 
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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 pref_erably of 

wound-wire construction having a central lumen formed 

5 therein. The central lumens within the cable adapter 60, 

rotor 44, and gasket 68 may be formed via machining or 

molding processes. These central lumens should preferably 

be sized such that they permit the slideable passage of 

.the pump 12 and cannula 14 therealong, but do not 

10 interfere with or constrain the guide wire 22 to cause 

inadvertent rotation of the guide wire 22 during pump 

operation. As noted above, it is also contemplated to 

remove the guide wire 22 after the pump 12 and car1nula 14 

are properly positioned in the patient. In this case, the 

15 gasket or seal 68 on the hub 56 should be robust enough 

to reseal after the guide wire 22 is withdrawn and 

prevent the ingress of blood into the interior of the 

rotor 44. 

Referring to FIG. 5, the motor coupler 24 

20 includes a housing 78, a drive shaft adapter 80, and a 

bearing assembly 82. The drive shaft adapter 80 includes 

a drive shaft coupler 84 dimensioned to receive a drive 

shaft of a motor (not shown), and a drive cable coupler 

86 dimensioned to receive the drive cable 62. Any of a 

25 variety of attachment techniques may be employed to 

securely fasten the drive cable 62 to the drive cable 

coupler 86, including but not limited to adhesives, 

crimping, and laser welding. The drive shaft adapter 80 

is rotatably disposed within the housing 78 by the 

30 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, 

35 92 generally comprises an inner race which rotates along 

Page 23 of 724 ABIOMED Ex. 1003



Atty. Docket No.: 9261.17142-PCT US DIV 

- 22 -

with the drive shaft adapter 80, an outer race which 

remains in a static and fixed position against the inner 

surface of the retaining sleeve 88, and a plurality of 

ball bearings disposed between the inner and outer races. 

5 The spring 94 is provided to bias each bearing assembly 

90, 92 axially away from one another to reduce axial play 

during operation. 

The purge fluid delivery system 26 includes a 

housing 96 having a central lumen 98, an inflow port 100, 

10 and an outflow port 102. The housing 96 is also 

dimensioned to matingly receive a portion of the motor 

coupler 24. In this regard, a seal element 104 is 

provided sandwiched in between the housing 96 and housing 

78 and including an aperture which extends about the 

15 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 

20 structure 106 includes a central lumen 108 through which 

the drive cable 62 extends, and an elevated portion 110. 

that retains an 0-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 

25 inflow port 100 is communicatively coupled to the side 

lumens 76, and the outflow port 102 is communicatively 

coupled to the central lumen 74. In this fashion, 

pressurized purge fluid may be introduced through the 

inflow port 100 via inflow conduit 28, and removed 

30 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 

35 suitable connectors (such as those illustrated by way of 
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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 

5 indeflator, a fluid delivery pump, or an accumulator 

arrangement to provide the requisite delivery of 

pressurized fluid. The purge fluid delivery system 26 

thus provides a two-way transmission of purge fluid 

within the drive cable sheath 32 for the purposes of 

10 cooling the blood pump 12 and preventing the ingress of 

blood past the radial seal 64 and into blood pump 12. 

Referring to FIG. 6, shown is a guidable 

intra-vascular blood pump system 120 according to a 

second broad aspect of the present invention. As will be 

15 described 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 

20 to denote like elements and distinctions pointed out 

where necessary. Moreover, due to the commmonal i ty of 

principles employed in both intravascular blood pump 

systems 10, 120, a discussion to the level of detail set 

forth above is not deemed necessary with regard to the 

25 intravascular blood pump system 120. Instead, those 

aspects in common with the intravascular blood pump 10 

are hereby incorporated into the discussion of the 

intravascular blood pump system 120. 

In its most general form, the intravascular 

30 blood pump system 120 of this second broad aspect of the 

present invention comprises the blood pump 12 and cannula 

14 arrangement, wherein the cannula 14 is equipped with a 

"side-rigger" or "rapid exchange" guide mechanism 122. In 

an important aspect of the present invention, the "rapid 

35 exchange" or "side-rigger" guide mechanism 122 includes a 
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guide carriage 124 formed along at least a portion of the 

cannula 14, and a suitable guide element (such as guide 

wire 22) dimensioned to pass slidably through a lumen 

(not shown) extending through ~he guide carriage 124. The 

5 "rapid exchange" guide mechanism 122 thereby provides the 

ability to selectively guide the blood pump 12 and 

cannula 14 to a predetermined position in the circulatory 

system of a patient in the manner described above. 

Namely, the guide wire 22 may be first introduced into 

10 the vascular system of a patient through any suitable 

access point and guided to a desired location within the 

circulatory system of the patient, i.e. the left 

ventricle as shown. The blood pump 12 and cannula 14 may 

thereafter be advanced along the guide wire 22 and 

15 positioned in the trans-valvular configuration shown for 

providing left-heart assist. 

FIGS. 7-9 further illus~rate ~he "side-rigger" 

or "rapid-exchange" guide mechanism 122 of this second 

broad aspect of the present invention. In a preferred 

20 embodiment, the "side-rigger" guide mechanism 122 

includes a lumen 126 formed within the guide carriage 

124. The guide carriage 124 is preferably formed as an 

integral extension of the wall of the cannula 14. FIGS. 7 

and 8 comport with the embodiment shown in FIG. 6, namely 

25 illustrating the guide carriage 124 formed along the 

·exterior surface of the cannula 14. FIG. 9 illus~rates an 

alternate embodiment wherein the guide carriage 124 may 

be formed along the interior surface of the cannula 14. 

In either case, the guide wire 22 is advanced to a 

30 desired location in the vasculature of the patient, after 

which point the blood pump 12 and cannula 14 can be 

slidab1y advanced therealong for delivery to the desired 

location according to the present invention. The guide 

wire 22 may thereafter be withdrawn from the patient. If 

3 5 ~he guide carriage 124 is formed along the exterior 
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surface of the cannula 14 (as shown in FIGS. 7-8), then 

the cannula 14 should preferably be positioned so that 

the guide carriage 124 does not extend in a trans­

valvular fashion. For example, with reference to FIG. 6, 

5 the guide carriage 124 should be positioned wholly within 

the left ventricle such that the pulsatile blood flow 

during beating heart procedures will not inadvertently 

pass through the side lumen 126 and pass through the 

aortic valve. 

10 The intravascular blood pump system 120 is 

constructed in virtually the same manner as the 

intravascular blood pump system 10 shown and described 

above, with the exception of the location of the 

respective guide mechanisms 16, 122. More specifically, 

15 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 assembly 18, purge fluid delivery system 26, and 

motor coupler 24 as detailed above with regard to the 

20 intravascular blood pump system 10. As such, these 

components need not be specially. machined or molded to 

include such central lumens as was required with the 

intravascular blood pump system 10 set forth above. 

Referring to FIG. 10, shown is a guidable 

25 intravascular blood pump system 130 according to a third 

broad aspect of the present invention. Again, due to the 

commonality between many of the same components and 

features of the intravascular blood pump systems 

described above and the intravascular blood pump system 

30 130, like reference numerals will be used to denote like 

elements and distinctions pointed out where necessary. As 

will be explained in greater detail below, the 

intravascular blood pump system 130 employs yet another 

unique and useful guide mechanism according to the 

3 5 present invent ion. However, because many of the same 
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components are employed, a discussion to the level of 

detail 

regard 

set forth above is not deemed necessary with 

to the intravascular blood pump system 130_. 

Instead, those aspects in common with the intravascular 

5 blood pumps described above are hereby incorporated into 

the discussion of the intravascular blood pump system 

130. 

In its most general form, the intravascular 

blood pump system 130 of this third broad aspect of the 

10 present invention comprises the blood pump 12 and cannula 

14 arrangement, wherein a "guide catheteru 132 is 

provided as the guide mechanism for positioning the pump 

12 and cannula 14 at a desired location within the 

circulatory system of the patient. More specifically, 

15 with brief reference to FIG. 12, the intravascular blood 

pump system 130 is formed in· two separate assemblies 

according to the present invention: a conduit assembly 

134 and pump assembly 136. In its most basic form, the 

conduit assembly 134 comprises the guide catheter 132 and 

2 0 cannula 14 coupled to the. Rotor shroud 3 5. The pump 

assembly 136 is constructed such that the pump body 34 

and rotor 44 can be disengaged from the rotor shroud 36 

and removed entirely from the conduit assembly 134. 

Referring again to FIG. 10, this dual construction forms 

25 a significant feature of the present invention because it 

provides the ability to form the blood pump 12 at a 

desired location in a patient using two separate and 

distinct steps. The first step involves positioning the 

conduit assembly 134 (with the pump assembly 136 removed) 

30 within a patient such that the shroud 36 and cannula 14 

are each disposed in a desired location, such as a trans­

valvular configuration for cardiac assist procedures. In 

an important aspect, the task of positioning the conduit 

assembly 134 within the patient may be advantageously 

35 facilitated through the use of any number of well known 
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guidance mechanisms, including but not limited to guide 

wires, balloon catheters, imaging wires, guide catheters, 

and/or techniques involving ultra-soun~ or flouroscopy. 

The second step in providing the intravascular blood pump 

5 system 130 of the present invention involves advancing 

the pump assembly 136 through the conduit assembly 134 

such that the rotor 44 docks within the shroud 36 to form 

the pump 12 at the desired location. 

By way of clarification, the term "cannulan is 

10 used to denote cannula 14 because it serves a primary 

purpose of transporting fluid into the blood pump 12, 

whereas the term "cathetern is used to denote the 

catheter 132 because it serves a primary purpose of 

guiding or directing devices or components (i.e. the pump 

15 assembly 136) to a desired location within the body. It 

is to be readily understood, however, that these terms 

are only used for convenience and in a general fashion 

such that the cannula 14 may serve certain guiding 

functions and the catheter 132 may serve certain fluid 

20 transportation functions without departing from the scope 

of the present invention. For example, the cannula 14 may 

be equipped with dedicated lumens to receive various 

guide mechanisms (such as guide wires, balloon catheters, 

selectively deformable elements such as Nitonol, etc). In 

25 similar fashion, the guide catheter 132 may be used to 

transport fluid to and/or from the patient, such as by 

providing apertures 138 along predetermined regions of 

the catheter 132. 

FIG. 11 demonstrates a significant feature of 

3 0 the present invent ion involving the use of the guide 

catheter 132 co transport fluid to and/or from the 

patient. An optional perfusion assembly 140 is provided 

as part of the incravascular blood pump system 130 of the 

present invention. The perfusion assembly 140 includes a 

35 conduit 142 in fluid communication with the apertures 
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138, which in this case are formed near the distal region 

of the guide catheter 132 a short distance downstream 

from the blood pump 12. ~n use, blood will pass along the 

exterior of the guide catheter 132 for distribution 

5 throughout the body, as well as within the interior of 

the guide catheter 132 after passing into the apertures 

138. The perfusion assembly 140 may then be employed to 

selectively reroute blood from within the guide catheter 

132 to a point within the patient's vasculature 

10 doWnstream from the point where the guide catheter 132 

enters the body. A hemostasis valve assembly 146 of the 

perfusion assembly 140 permits the drive cable assembly 

18 to pass through to the purge fluid delivery system 26 

while preventing blood flow other than into the perfusion 

15 assembly 140 _ A seal assembly 150 of the purge fluid· 

delivery system 26 permits the drive cable 62 to pass 

through to the motor 20 while preventing the flow of 

purge fluid other than into and from the purge fluid 

delivery system 26. The perfusion assembly 140 includes a 

20 control mechanism 148 for selectively controlling the 

distribution of perfusion blood flow from the perfusion 

assembly 140 into the patient. This control mechanism 148 

may be automatic based on certain feedback criteria or 

manually operated. 

25 FIGS. 12-17 illustrate an exemplary 

construction of the intravascular blood pump system 130 

according to the third broad aspect of the present 

invention. As shown in FIG. 12, the conduit assembly 134 

may be selectively disengaged so as to remove the pump 

30 assembly 136 therefrom. According to the present 

invention, the conduit assembly 134 may be introduced 

(without the pump assembly 136) into the circulatory 

system of a patient and selectively guided such that the 

rotor shroud 36 and cannula 14 are positioned at a 

35 desired location. The pump assembly 136 can thereafter be 
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selectively introduced into the conduit assembly 134. A 

challenge in such a "back-loading" arrangement is 

ensuring_ that the pump assembly_ 136 docks appropriately 

within the rotor shroud 36 and is maintained in proper 

5 engagement during operation of the resulting pump 12. 

An exemplary docking arrangement will now be 

described with reference to FIG. 14. In a preferred 

embodiment, the rotor 44 may be properly and accurately 

docked within the shroud 36 by forming angled mating 

10 surfaces on corresponding portions of the shroud 36 and 

pump body 34. More specifically, an angled mating surface 

may be formed on the interior surface of the rotor shroud 

36 along that portion extending proximally from the flow 

aperture 38. A corresponding angled mating surface may be 

15 provided along the exterior surface of the pump body 34 

along a distal portion thereof. The mating surfaces shown 

in FIG. 14 may preferably be formed in the range from 

about 2 degrees to 10 degrees, and more preferably formed 

in the range from about 3 degrees to 6 degrees. Mating 

2 0 angles within these ranges are adequate to guide the 

distal end of the pump body 34 to a point generally flush 

with the proximal edge of the flow aperture 38 as shown 

in FIG. 14. In this fashion, the pump assembly 136 and 

the rotor shroud 36 combine to form the blood pump 12. 

25 More importantly, this docking is carried out such that 

the rotor 44 and rotor blades 58 are maintained in proper 

position for efficient and safe pump operation. 

An exemplary biasing scheme for maintaining 

the pump assembly 136 in this docked relationship will 

30 now be described with reference to FIGS. 12-13 and 16-17. 

The conduit assembly 134 is preferably equipped with a 

male quick-connect coupling 152 capable of engaging with 

a female quick-connect coupling 154 forming part of the 

perfusion assembly 140 of the present invention. A bias 

35 spring 156 is provided in between the perfusion assembly 
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140 and the housing 96 of the purge fluid delivery system 

26. The bias spring 156 is preferably dimensioned so as 

to be in tension when the male quick-connect 152 is 

engaged within the female quick-connect 154 as part of 

5 the docking process of the present invention. As such, 

the bias spring 156 serves to maintain the pump assembly 

136 in the docked position within the rotor shroud 36. 

The bias spring 156 may be coupled to the housing 96 of 

the purge fluid delivery system 26 in any number· of 

10 suitable fashions. One such coupling arrangement may 

comprise a female quick-connect coupling 158 attached to 

the housing 9"6 and a male quick-connect coupling 160 

attached to the bias spring 156. 

An exemplary embodiment of the perfusion 

15 assembly 140 is shoWil with reference to FIGS. 12-13 and 

17. The perfusion assembly 140 shown includes the 

hemostasis valve 146 coupled to the female quick-connect 

coupling 154. A length of tubing 162 extends between the 

opposing barb connectors of the hemostasis valve 146 and 

20 the female quick-connect coupling 154. A continuous lumen 

is formed extending through the interior of the male 

quick-connect coupling 152, the female-quick-connect 

coupling 154, the tubing 162, and the hemostasis valve 

146. The drive cable assembly 18 extends through this 

25 continuous lumen and exits through a Touehy-Borst 

hemostasis seal 164 which prevents the migration of blood 

out of the proximal end of the perfusion assembly 140. A 

side-port 166 is disposed in fluid communication with the 

central lumen of the perfusion assembly 140. In one 

30 embodiment, this side-port 166 may be eqliipped with a 

conduit 168 having a stop-cock 170 to selectively control 

the distribution of blood through a perfusion conduit 

(i.e. conduit 142 of FIG. 11) coupled to the stop-cock 

170. It \olill be appreciated that this type of manual 

35 control system for selectively perfusing the patient may 
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be replaced with control circuitry for automatically 

controlling the rate of perfusion. Such automatic 

perfusion may be based on control algorithms based on 

contemporaneous feedback or pre-programmed thresholds. 

The foregoing discussion details a host of 

inventive aspects forming part of the present invention. 

It will be appreciated by those skilled in the art that 

changes could be made to the embodiments described above 

without departing from the broad inventive concepts 

10 thereof. The following evidences, by way of example only, 

various additional aspects forming part of the present 

invention. 

FIG. 18 illustrates an alternate configuration 

of the intravascular blood pump system 130 of the third 

15 broad aspect of the present invention having an alternate 

bearing assembly, purge fluid delivery, and docking 

scheme. The bearing assembly includes a seal spring 182 

and a bearing assembly 180. The bearing assembly 180 

includes an inner race 184, an outer race 186, and a 

20 plurality of balls 188 which enable the inner race 184 to 

rotate along with the rotor shaft 46 while the outer race 

186 remains in a static and fixed position relative to an 

inner surface of the pump body 34. An 0-ring 190 is 

disposed within a groove formed in the rotor shaft 46 so 

25 as to maintain the bearing assembly 180 against the seal 

spring 182. The 0-ring 190 is further secured within the 

groove in the rotor shaft 46 via a contoured lip portion 

extending from the distal end of the cable adapter 60. 

The proximal end of the cable adapter 60 flushly engages 

30 the drive cable 62. 

The purge fluid delivery system of the 

embodiment shown in FIG. 18 provides for a one way 

delivery of purge fluid to the blood pump 12. That is, 

pressurized fluid (namely, fluid pressurized to some 

35 level elevated above the blood pressure in the 
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surrounding vessel} is injected in between the drive 

cable- 62 and the interior of the protective sheath 32 

during operation. This serves to reduce any frictional 

heating that exists between the drive cable 62 and sheath 

5 32. The pressurized fluid also flows through the interior 

of the pump 12 such that, if the seal at 192 is broken, 

the pressurized fluid will flow past the open seal 192 

and onward through the blood flow ports 38 formed in the 

shroud 36. This serves to keep blood from entering the 

10 pump 12 in an effort to avoid clotting and/or damaging 

the pump 12. 

The pump assembly 136 may be docked within the 

conduit assembly 134 in any number of different fashions 

without departing from the scope of the present 

15 invention. That is to say, the docking scheme shown in 

·prG. 18 is set forth by way of example only and is not to 

be deemed limiting or restrictive as to numerous ways to 

temporarily engage or "dock" the pump assembly 136 within 

the conduit assembly 134 .. The only requirement is that 

20 the pump assembly 136 and conduit assembly 134 dock such 

that the rotor 44 is disposed within the shroud 36 to 

provide the desired axial flow through the cannula 14 and 

out the shroud 36. The exemplary docking scheme involves 

forming an annular engagement groove 194 along the 

25 interior of the shroud 36, and forming a complementary 

annular ridge 196 along the exterior surface of the .pump 

body 34. During insertion, the pump assembly 136 will be 

advanced into the conduit assembly 134 until the annular 

ridge 196 on the pump body 34 engages within the groove 

3 0 194 formed in the shroud 3 6. This docking scheme is 

generally advantageous in that the engagement action 

between the annular ridge 196 and groove 194 will provide 

tactile feedback to the physician during the process of 

inserting the pump assembly 136 into the conduit assembly 

35 134 such that the. physician will be able to determine 
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when the docking has been completed. 

As will be appreciated by those skilled in the 

art, the location of the annular ridge 196 and engagemen~ 

groove 194 may be varied such that they are disposed 

5 closer or farther away from the flow apertures 38. It may 

be advantageous to form these doqking structures close to 

the flow apertures 38 in an effort to thwart the ingress 

of blood into the junction extending between the interior 

of the shroud 36 and the exterior surface of the pump 

10 body 34. It is also contemplated to employ selectively 

inflatable structures, such as balloons, in an effort to 

temporarily engage or dock the pump assembly 136 within 

the conduit assembly 134. In this regard, one or more 

lumens may be formed within the pump body 34 extending 

15 from the interior of the pump body 34 in fluid 

communication with a balloon disposed along the exterior 

surface of the pump body 34. The pressurized fluid 

flowing within the interior of the pump body 34 may then 

be used to inflate the balloon, which will then engage 

2 0 within an annular groove in the shroud 3 6, such as at 

194. Of course, the· engagement structures may also be 

reversed without departing from the scope of the present 

invention. For example, the shroud 36 may be equipped 

with a fluid delivery lumen therein for inflating a 

25 balloon disposed on the interior surface of the shroud 

36, which may in turn be disposed within an annular 

engagement groove formed a~ong the exterior surface of 

the pump body 34. 

While this invention has been shown in use 

3 0 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 invention can be utilized in right-

35 heart support applications and a wide variety of other 
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applications apparent to those skilled in the art. For 

example, with reference to FIG. 19, shown is an 

intravascular blood pump 200 (of the type shown and 

described above with reference to FIGS. 2-5) configured 

5 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 

10 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 configured for use 

in right-heart applications. Such right-heart 

configurations, and others apparent to those skilled in 

15 the art based on the broad principles enumerated in this 

application, are contemplated as being within the scope 

of the present invention. 

The intravascular blood pump system 200 is 

shown positioned within the heart, such as may be 

20 advantageous to provide right heart support during 

beating heart surgery. To position the guidable 

intravascular blood pump system 200 in the right heart 

according to the present invention, a suitable guide 

element (such as balloon catheter 202) is first advanced 

25 to a desired location within the heart via the "sail" 

action of an inflated balloon. After the balloon catheter 

202 is located in the desired position (such as in the 

pulmonary artery as shown) , the intravascular blood pump 

system 200 according to the present invention may be 

30 advanced over the balloon catheter 202 and guided into a 

desired arrangement. For right heart support, this would 

involve advanced into the pump 12 and cannula 14 overt 

the balloon catheter 202 until the fluid inlet 204 is 

disposed within.the vena cava (or right atrium) and the 

35 fluid outlet 206 is positioned within the pulmonary 
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artery. The pump 12 may then be selectively (i.e. 

automatically or on-demand} controlled to transport blood 

from the vena cava (or r.ight atrium} in a trans-.valvular 

fashion through the tricuspid valve, the right ventricle, 

5 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 

10 access to posterior vessels, thereby avoiding the need 

for cardiopulmonary bypass. 

It is also contemplated as part of the present 

invention that the guidable intravascular blood pump 

systems can be introduced into the patient's vasculature 

15 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 

20 intravascular blood pump systems of the present invention 

may also be introduced via direct introduction, such as 

into the aorta, the atria, and the ventricles. As is well 

known in the art, such intravascular access may be 

achieved percutaneously through the use of the Seldinger 

25 technique or directly through the use of minimally 

invasive access techniques. 

Those skilled in the art will also appreciate 

that, although shown and described above in terms of 

"axial flow,u the present invention is not limited to the 

30 axial flow t)~e intravascular blood pumps. Rather, the 

intravascular blood pumps 12 may comprise any number of 

suitable types of intravascular blood pumps, including 

but not limited to so-called "mixed flowN intravascular 

blood pumps, without departing from the scope of the 

35 present invention. 
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With regard to the embodiments shown in FIGS. 

10-17, it is furthermore contemplated that the guide 

catheter.132 may be separable from the conduit assembly 

134 after the pump assembly 136 is docked within the 

5 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 

· 10 the pump 12 assembled, wound management of the access 

point into the patient's vasculature may be improved. 

This is due, in part, to the substantial reduction in 

size of the device extending into the patient (i.e. the 

drive cable assembly 18 as opposed to the larger diameter 

15 guide catheter 132). 

It is also contemplated to incorporate various 

pressure sensing and/or guidabili ty features into at 

least one of the cannula, 14 and pump 12. Such features 

may include, but are not necessarily limited to, those 

20 shown and described in commonly-owned and co-pending U.S. 

Patent Application No. 09/280,988 (filed March 30, 1999) 

entitled "Steerable Cann'.lla," and U.S. Patent Application 

No. 09/280,970 (filed March 30, 1999) entitled "Pressure 

Sensing Cannula," the disclosures of which are hereby 

25 expressly incorporated by reference as if set forth 

herein in their entirety. These pressure sensing features 

may include, but are not necessarily limited to, the use 

of fluid-filled lumens, piezo-electric pressure sensing 

elements, strain gauges, and analysis of the 

30 torque/current relationship (based on the dynamic 

pressure differential between the inlet and outlet of the 

pump). The guidability features may include, but are not 

necessarily limited to, the use of side lumens and 

deformable materials (i.e. Nitonol) 

35 Various pump and canrmla arrangements have 
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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 

5 by the particular ventricle. While "unloading" the 

ventricles in this fashion is preferred in certain 

instances, it is to be readily understood that the pump 

and cannula arrangements described herein may also be 

employed to "preload" the ventricles. Ventricular 

10 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 

15 supplied with sufficient levels of blood from the right 

atrium such that, upon contraction, the right ventricle 

delivers an insufficient quantity of blood to the 

pulmonary artery. This may result when. the right 

ventricle and/or right atrium are in a stressed or 

20 distorted condition during surgery. Preloading overcomes 

this problem by actively supplying blood into the right 

ventricle, thereby facilitating the delivery of blood 

into the pulmonary artery. The same technique can be used 

to preload the left ventricle and thus facilitate the 

25 delivery of blood from the left ventricle into the aorta. 
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What is claimed is: 

1. An improved intravascular blood pump 

system, comprising: 

an intravascular blood pump having a cannula 

5 coupled thereto; and 

a guide mechanism adapted to guide said 

intravascular blood pump and cannula to a predetermined 

location within the circulatory system of a patient. 
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Abstract 

An improved intravascular blood pump and 

related methods involving the broad inventive concep~ of 

equipping the intravascular blood pump with guiding 

5 features such that the intravascular blood pump can be 

selectively positioned at a predetermined location within 

the circulatory system of a patient. 
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Postal Code 1 95667 I Country i 1 us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 99185 

Email Address legal@maquet.com 
I I Add Email I !Remove Email I 

Application Information: 

Title of the Invention GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

Attorney Docket Number 06-01506US05 I Small Entity Status Claimed D 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 
1 18 I Suggested Figure for Publication (if any) I 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number ofthe previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country i 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

D 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

EFS Web 2.2.11 

Page 61 of 724 ABIOMED Ex. 1003



PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number 06-01506US05 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: 0 Customer Number I 0 US Patent Practitioner IO Limited Recognition (37 CFR 11.9) 

Customer Number 99185 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S. C. 119(e), 120, 121, or 365(c) or indicate National Stage 
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required 
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the application number blank. 

Prior Application Status Pending I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

Continuation of 12/772810 2010-05-03 

Prior Application Status Patented I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

12/772810 Continuation of 11/375926 2006-03-15 7731675 2010-06-08 

Prior Application Status Patented I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

11/375926 Division of 10/070178 2002-07-19 7022100 2006-04-04 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

10/070178 a 371 of international PCT/US2000/024515 2000-09-01 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

PCT/US2000/024515 Claims benefit of provisional 60/152249 1999-09-03 

Additional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number 06-01506US05 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (PDX) ithe information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Country i Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1. 78 for AlA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

D 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AlA. 

Authorization to Permit Access: 

D Authorization to Permit Access to the Instant Application by the Participating Offices 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number 06-01506US05 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WI PO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WI PO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the dale of filing this Authorization. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
® Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 

Name of the Deceased or Legally Incapacitated Inventor :I 
If the Applicant is an Organization check here. ~ 
Organization Name I MAQUET Cardiovascular LLC 

Mailing Address Information: 

Address 1 1300 MacArthur Boulevard 

Address 2 

City Mahwah State/Province NJ 

Country i I us Postal Code 07430 

Phone Number 1 201-995-8700 Fax Number 201-995-8910 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number 06-01506US05 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

Email Address legal@maquet.com 

Additional Applicant Data may be generated within this form by selecting the Add button. Add 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to 
have an assignment recorded by the Office. 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name I MAQUET Cardiovascular LLC 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 1300 MacArthur Boulevard 

Address 2 

City I Mahwah State/Province NJ 

Country i 1 us Postal Code 07430 

Phone Number 201-995-8700 Fax Number 201-995-8910 

Email Address legal@maquet.com 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button . I Add I 
. 

Signature· I Remove I . 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications 

Signature /Kirk D. Swenson/ Date (YYYY-MM-DD) 2014-11-17 

First Name Kirk I Last Name I Swenson Registration Number 52265 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

06-01506US05 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 
USPTO becomes aware of a violation or potential violation of law or regulation. 
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PT0iAlN130 (07-·12) 
Approved !or use thmugh i 1130/2.014. OM8 0651-0035 

U,S. Patent a;;.d Trademark Of!ice; U.S DEPARTMENT OF COMMERCE 
Under the Paperv<llrk Reduction Act of 1 B95, no persons are required to respond to a w!lectlon ot information Lmless It displays a valid OMS contml number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I r1ecreby revoke aU prevlous powers of attorney given in the application identified In the attached statement 
_und_(3J:_}7 CFR 3.73(c), .................... ·----------------1 
l hereby appoint: 

~ Prac!ilioners associated with Customer Nl1111ber: 

OR 
199185 

D Prac!iiioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration 
Number 

Name Registration 
Nurnber 

As attorney(s) or agent(s) !o represent !he undersigned before tt\e United States Palen! and Trademark Office (USPTO) in connection with 
any and all paton! applic;a!ions assigned Q...I"Jl:.! to the undersigned according to the USPTO assignment records or assignments documents 
a!!ached lo !his form in ar:cordance with 37 CFR 3.73(c). 

Please change the correspondence address for !he application identified in the attaclled statement under 37 CFR 3.73(t;) to: 

I mj The sddress associated with Customer Number: 199185 I 
OR ~-------------------~-

Assignee Name and Address: Maquet Cardiovascular LLC 

1300 MacArthur Boulevard 
Mahwah, NJ 07430 

A copy of this form, together with a statement under 37 CFR 3.73{c) (Form PTO/AlA/96 or equivalent) is required fo b-e 
Flied in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of 
The practitioners appointed in this form, and must identify the application in which this Power of Attorney ts to be filed. 

SIGNATURE of Assignee of Record 
The individual whose si9nature an1}Jtle is supplied below Is authorized to act on behalf of the assignee 

Signalure 
-· 
Name I Kirk D. Swenson 
------~-~t---------------·------·------------.......1..---------------------~ 
Title I Authorized Officer & Senior Patent Agent 

Th!s whee\! on or ~rttorma\,on ts reqwred by 37 CFR 1,31, 1.32 ano 1.33. The :nformatlon 1S requ:red to onta:.1 or reta:n a bei\ef:t by t~e public w!i!Cl\ 1s to file (and 
by tha USPTO to process) an appiicat!on. Confidentiality Is governed by 35 U .S.C. 122 and 3 7 Cf'R ': .11 and 1.14. This wijecticn 1s estimated tc; !<lke 3 minute,s 
tc a)mpl~!>), i~c!uding gathering, preparing, and submi!ling the comp!et!ld applir:ation rwm to the USPTO. Time wm v;;ry depending upon !he individual c:;:se. Any 
commanls on the amount of Ume )!<lll require to compcletE>lhis form and/or sugg~Jstions for raducing this burden, should be sent m the Chief l'lforrn~tion Officer, 
U,S, ?at~nl and Trademark Office, U.S. Deparlmenl of Commerce, P.O. Box 14(;(!, Alex~ooria, VA 22313--1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO TI-llS ADDRESS, SEND TO: Commi~glonarfor f"at-ents, P.O. Box 1450. Alexandria, VA 2:2.313-1450. 

If you r.eecl assisl£lnce in completing the form, call ·i-800-PT0-9199 and select option2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93·579) requires t11at you be given certaln inforrnation in connection with your 
submission of the attached form related to a patent application or patent Accordingly, pursuant to the 
requirements of !he Act. please be advised that (1) the genera! authority for the collection of this information is 35 
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

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

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

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

3. A record in this system of records may be disclosed, as a routine use, to a tv1ember of Congress 
submitting a request involving an individual, to whom the record pertains, when the inclividual has 
requested assistance from the Member with respect to the subject matter of the record. 

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

5. A record relat1.:1d to an International Application filed under th.e Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperal.ion Treaty·, 

6. A record in tl1is system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act 
{42 U.S.C. 21B{c}). 

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

B. A record from this system of records may be disclosed, as a routine use, to the publlc after either 
publication of the application pursuant to 35 U.S.C. 122(b} or issuance of a patent pursuant to 35 U.S.C. 
151. Further, a record may be disclosed, subject to the !imita!lons of 37 CFR 1.14, as a routine use, to the 
public if the record was 1iled in an appl!cation which became abandoned or in which the proceedings were 
terminated and which appHcation is referenced by either a published application, an application open to 
public inspection or an issued patent 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. OMB 0651-0031 

U.S. Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
ApplicanVPatent owner: MAQUET Cardiovascular LLC 

Application No./Patent No.: Continuation of 12/772,810 Filed/Issue Date: Concurrently herewith 

Titled: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

MAQUET Cardiovascular LLC , a limited liability company 
------------------------------------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose .Q.!!g of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

U The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose .Q.!!g of options A orB below): 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel , Frame , or for which a copy 
thereof is attached. 

B. 0 A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: inventors To: A-Med Systems, Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 013243 , Frame 0387 , or for which a copy thereof is attached. 

2. From: A-Med Systems, Inc. To: Guidant Corporation 
---------------------------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel 016274 , Frame 0961 , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1 .11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 

If you need assistance in completing the form, calll-800-PT0-9199 and select option 2. 
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PTO/ AIA/96 (08-12) 
Approved for use through 01/31/2013. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: Guidant Corporation To: MAQUET Cardiovascular LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 020986 , Frame 0839 , or for which a copy thereof is attached. 

4. From: ------------------------------------- To: ------------------------------------­

The document was recorded in the United States Patent and Trademark Office at 

Reel ___________ ., Frame ___________ , or for which a copy thereof is attached. 

5. From: ------------------------------------- To: ------------------------------------­

The document was recorded in the United States Patent and Trademark Office at 

Reel ___________ ., Frame ___________ , or for which a copy thereof is attached. 

6. From: ------------------------------------- To: ------------------------------------­

The document was recorded in the United States Patent and Trademark Office at 

Reel ___________ , Frame ___________ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

0 As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Kirk D. Swenson/ 
Signature 

Kirk D. Swenson 
Printed or Typed Name 

[Page 2 of 2] 

November 17, 2014 
Date 

Patent Agent, Reg. No. 52,265 

Title or Registration Number 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Customer No.: 99185 Docket No.: 06-01506US05 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In reapplication of: Walid N. ABOUL-HOSN et al. 

Serial No.: 

Filed: 

For: 

Not Yet Assigned 
(continuation of 12/772,810) 

Concurrently herewith 

GUIDABLE INTRAVASCULAR BLOOD 
PUMPAND RELATED METHODS 

Confirmation No.: 

Group Art Unit: 

Examiner: 

TBD 

TBD 

TBD 

INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Madam: 

This Information Disclosure Statement is submitted in accordance with 37 C.F.R. 

1.97, 1.98, and it is requested that the information set forth in this statement and in the listed 

documents be considered during the pendency of the above-identified application, and any other 

application relying on the filing date of the above-identified application or cross-referencing it as 

a related application. 

This IDS should be considered, in accordance with 37 C.F.R. 1.97, as it is filed 

within three months of the filing date of the above-identified national application or within three 

months of the entry into the national stage of the above-identified international application. 

In accordance with 37 C.F.R. 1.98, this IDS includes a list (e.g., form PTO/SB/08) 

of all patents, publications, or other information submitted for consideration by the office, either 

incorporated into this IDS or as an attachment hereto. All listed documents were previously cited 

Docket No. 06-01506US05 
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by or submitted to the Office in the following prior parent applications, which are relied upon 

under 35 U.S.C. 120: 

12/772,810, filed May 3, 2010 

11/375,926, filed March 15, 2006 

10/070,178, filed July 19,2002 

Applicant identifies these documents by attaching hereto a fresh PTO/SB/08 listing these 

documents, and request that they be considered and made of record in accordance with 1.98(d). 

Per 37 CFR 1.98(d), copies of these documents need not be filed in this application. 

In accordance with 37 C.F.R. 1.97(g) and (h), the filing of this IDS should not be 

construed as a representation that a search has been made or that information cited is, or is 

considered to be, material to patentability as defined in §1.56 (b), or that any cited document 

listed or attached is (or constitutes) prior art. Unless other-wise indicated, the date of publication 

indicated for an item is taken from the face of' the item and Applicant reserves the right to prove 

that the date of publication is in fact different. 

Early and favorable consideration is earnestly solicited. 

DATE: November 17,2014 

Respectfully submitted, 

/Kirk D. Swenson/ 

Kirk D. Swenson 
Registration No. 52,265 
Agent for Applicant(s) 
MAQUET Cardiovascular LLC 
1300 MacArthur Boulevard 
Mahwah, NJ 07430 
Tel: (201) 995-8816 
Fax: (866) 936-0615 

Docket No. 06-01506US05 
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Doc code: IDS PTOISB/08a (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed 
Approved for use through 07/31/2012. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages.Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 5336184 A 1994-08-09 Teirslein 

2 5211546 A 1993-05-18 Isaacson et al. 

3 6245007 81 2001-06-12 Bedingham et al. 

4 5234407 A 1993-08-10 Teirslein et al. 

5 3995617 A 1976-12-07 Walkins et al. 

6 5221256 A 1993-06-22 Mahurkar 

7 5476450 A 1995-12-19 Ruggio 

8 5827229 A 1998-10-27 Auth et al. 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. A80UL-HOSN 
STATEMENT BY APPLICANT 

Art Unit T8D 
( Not for submission under 37 CFR 1.99) 

Examiner Name IT8D 

Attorney Docket Number 06-01506US05 

9 5938645 A 1999-08-17 Gordon 

10 5965089 A 1999-10-12 Jarvik et al. 

11 6007478 A 1999-12-28 Siess et al. 

12 6066100 A 2000-05-23 Willard et al. 

13 5827267 A 1998-10-27 Savage et al. 

14 6440158 81 2002-08-27 Saab 

15 6849068 81 2005-02-01 8agaoisan et al. 

16 7731675 82 2010-06-08 Aboui-Hosn et al. 

17 3585983 A 1971-06-22 Kantrowitz et al. 

18 3602009 A 1971-08-31 Powell 

19 3904901 A 1975-09-09 Renard et al. 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

20 4391547 A 1983-07-05 Jackson et al. 

21 4392836 A 1983-07-12 Sugawara 

22 4413989 A 1983-11-08 Schjeidahl et al. 

23 4591355 A 1986-05-27 Hilse 

24 4625712 A 1986-12-02 Wampler 

25 4696667 A 1987-09-29 Masch 

26 4704121 A 1987-11-03 Moise 

27 4728319 A 1988-03-01 Masch 

28 4817586 A 1989-04-04 Wampler 

29 4895557 A 1990-01-23 Moise et al. 

30 4908012 A 1990-03-13 Moise et al. 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

31 4909781 A 1990-03-20 Husted 

32 4917102 A 1990-04-17 Miller et al. 

33 4919647 A 1990-04-24 Nash 

34 4955856 A 1990-09-11 Phillips 

35 4964839 A 1990-10-23 Gloor 

36 5041131 A 1991-08-20 Nagase 

37 5112349 A 1992-05-12 Summers et al. 

38 5163910 A 1992-11-17 Schwartz et al. 

39 5300112 A 1994-04-05 Barr 

40 5678306 A 1997-10-21 Bozeman et al. 

41 5692882 A 1997-12-02 Bozeman, Jr. et al. 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

42 5741234 A 1998-04-21 Aboui-Hosn 

43 5746709 A 1998-05-05 Rom etal. 

44 5746758 A 1998-05-05 Nordgren et al. 

45 5776190 A 1998-07-07 Jarvik 

46 5810088 A 1996-09-22 Lamirand et al. 

47 5851174 A 1998-12-22 Jarvik et al. 

48 5888241 A 1999-03-30 Jarvik 

49 5911685 A 1999-06-15 Siess et al. 

50 5947892 A 1999-09-07 Benkowski et al. 

51 5957672 A 1999-09-26 Aber 

52 6083260 A 2000-07-04 Aboui-Hosn 

EFSWeb2.1.17 

Page 79 of 724 ABIOMED Ex. 1003



Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

53 6088570 A 2000-07-11 Aboui-Hosn 

54 6093001 A 2000-07-25 Burgreen et al. 

55 6113536 A 2000-09-05 Aboui-Hosn 

56 6123725 A 2000-09-26 Aboui-Hosn 

57 6123659 A 2000-09-26 Le Blanc et al. 

58 6152704 A 2000-11-28 Aboui-Hosn et al. 

59 6176822 81 2001-01-23 Nix et al. 

60 6176848 81 2001-01-23 Rau et al. 

61 6210133 81 2001-04-03 Aboui-Hosn et al. 

62 6210397 81 2001-04-03 Aboui-Hosn et al. 

63 6217541 81 2001-04-17 Yu 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. A80UL-HOSN 
STATEMENT BY APPLICANT 

Art Unit T8D 
( Not for submission under 37 CFR 1.99) 

Examiner Name IT8D 

Attorney Docket Number 06-01506US05 

64 6228063 81 2001-05-05 Aboui-Hosn 

65 6234960 81 2001-05-22 Aboui-Hosn et al. 

66 6245007 81 2001-06-12 8edingham et al. 

67 6287319 81 2001-09-11 Aboui-Hosn et al. 

68 6295877 81 2001-10-02 Aboui-Hosn et al. 

69 6336939 81 2002-01-08 Yamazaki et al. 

70 6346120 81 2002-02-12 Yamazaki et al. 

71 6395026 81 2002-05-28 Aboui-Hosn et al. 

72 6532964 81 2003-03-18 Aboui-Hosn et al. 

73 6613008 81 2003-09-02 Aboui-Hosn et al. 

74 6709418 81 2004-03-23 Aboui-Hosn et al. 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

75 7022100 81 2006-04-04 Aboui-Hosn et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages.Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20030023201 A1 2003-01-30 Aboui-Hosn et al. 

2 20030205233 A1 2003-11-06 Aboui-Hosn et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 2002-514472 JP A 2002-05-21 Impel Ia Cardiotechnik AG D 

2 97/46270 wo A1 1997-12-11 VOELKER, Wolfram D 

3 19821307 DE C1 1999-10-21 Impel Ia Cardiotechnik AG D 

4 1999/058170 wo A1 1999-11-18 Impel Ia Cardiotechnik AG D 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

5 19622335 DE A1 1997-12-11 VOELKER. Wolfram D 

6 H-0999092 JP A 1997-04-15 Target Therapeutics Inc. D 

7 0916359 EP 81 1999-05-19 Impel Ia Cardiotech AG D 

8 2256427 CA A 1998-10-08 Impel Ia Cardiotech AG D 

9 89/05164 wo A1 1989-05-15 Nimbus Medical, Inc. D 

10 99/02204 wo A1 1999-01-21 A-Med Systems, Inc. D 

11 00/12148 wo A1 2000-03-09 A-Med Systems, Inc. D 

12 00/18448 wo A1 2000-04-06 A-Med Systems, Inc. D 

13 00/19097 wo A1 2000-04-06 A-Med Systems, Inc. D 

14 00/37139 wo A1 2000-06-26 A-Med Systems, Inc. D 

15 00/69489 wo A1 2000-11-23 A-Med Systems, Inc. D 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

16 01/78807 wo A1 2001-10-25 A-Med Systems. Inc. D 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 
Online encyclopedia article "Pyrolytic Carbon" accessed February 19,2009, http://en.wikipedia.org/wiki/Pyrolytic/ 

D carbon, 1 page. 

2 
Online encyclopedia article "Ventricular assist device, List of implantable VAD devices" accessed January 12, 2010, 

D http://en.wikipedia.org/wikiNentricular_assist_device, 11 pages. 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WI PO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WI PO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFSWeb2.1.17 
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Application Number 

Filing Date 2014-11-17 
INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application. and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

~ See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 1 0.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Kirk D. Swenson/ Date (YYYY-MM-DD) 2014-11-17 

Name/Print Kirk D. Swenson Registration Number 52265 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFSWeb2.1.17 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb2.1.17 
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PRELIMINARY AMENDMENT Attorney Docket 06-0 1506US05 

WITH NEW FILING Confirmation No. Not yet assigned 
First Named Inventor Walid N. ABOUL-HOSN 

Address to: Application Number Not yet assigned 
Filing Date November 17,2014 

Mail Stop: Amendment 
Group Art Unit Not yet assigned 
Examiner Name Not yet assigned 

Commissioner for Patents Title Guidable Intravascular Blood Pump 
PO Box 1450 and Related Methods 

Alexandria, VA 22313-1450 

PRELIMINARY AMENDMENT 

Madam: 

This is a preliminary amendment in the above captioned application. Applicant requests 

entry of the amendment prior to any examination on the merits. No fees are believed to be due in 

association with this filing. If, however, any additional fees are required, the Commissioner is 

hereby authorized to charge any underpayment of fees associated with this communication, 

including any necessary fees for extensions of time, or credit any overpayment to Deposit 

Account No. 04-0170, order number 06-01506US05. 

Amendments to the Specification begin on page 2. 

Amendments to the Claims begin on page 3. 

Remarks/Arguments begin on page 6. 

Page 87 of 724 ABIOMED Ex. 1003



Preliminary Amendment Atty Dkt. No.: 06-01506US05 

AMENDMENTS TO THE SPECIFICATION: 

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

This application is a continuation of co-pending U.S. Patent Application Serial No. 

121772,810, filed May 3, 2010, which is a continuation of U.S. Patent Application Serial No. 

11/375,926, filed March 15, 2006 (now U.S. Patent No. 7,731,675, issued June 8, 2010), which 

is a divisional of co pending U.S. Patent Application Serial No. 10/070,178, filed July 19, 2002, 

(now U.S. Patent No. 7,022,100, issued April4, 2006) which claims the benefit of is a U.S. 

National Stage Entry of International Patent Application No. PCT/US00/24515 filed September 

1, 2000, which claims the benefit of provisional U.S. Patent Application Serial No. 601152,249 

filed September 3, 1999, all of which are hereby incorporated by reference in their entireties. 

2 
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AMENDMENTS TO THE CLAIMS: 

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

application: 

1- 23. (Cancelled) 

24. (New) A method for perfusing a patient with an intravascular blood pump 

system, the intravascular blood pump system comprising (i) an intravascular blood pump 

comprising a rotor having a rotor hub tapering in the distal direction, at least one blade extending 

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

most distal portion of the blade and a shroud within which the rotor is rotatably disposed; (ii) a 

cannula extending from the shroud and comprising an outer cannula surface, the outer cannula 

surface having a substantially circular cross-section along a portion of its length; (iii) a first 

lumen in fluid communication with the intravascular blood pump and operatively arranged to 

deliver purge fluid to the intravascular blood pump; and (iv) a guide mechanism configured as a 

second lumen having a proximal end and a distal end, the guide mechanism adapted to guide a 

distal portion of said intravascular blood pump system to a predetermined location within the 

circulatory system of a patient, wherein an axis coaxial with and extending through a portion of 

said guide mechanism extends through a region delimited by the outer cannula surface, and 

wherein the guide mechanism is configured to allow for a guide wire to slideably advance 

therealong, the method comprising the steps of: 

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

patient; and 

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

3 
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25. (New) A method for perfusion a patent with an intravascular blood pump system, 

the intravascular blood pump system comprising (i) an intravascular blood pump comprising a 

rotor having a rotor hub tapering in the distal direction and at least one blade extending radially 

outward from the rotor hub, the intravascular blood pump coupled to a catheter on a proximal 

end and a cannula on a distal end; (ii) a first set and a second set of apertures establishing fluid 

communication between an interior of the cannula and an exterior region of the cannula, wherein 

the first set of apertures is located in proximity to the rotor and the second set of apertures is 

spaced apart from and located distal to the first set of apertures towards a distal region of the 

cannula; (iii) a guide mechanism configured as an elongate lumen and adapted to guide said 

intravascular blood pump, cannula, and catheter to a predetermined location within the 

circulatory system of a patient; and (iv) a blood pressure detection mechanism comprising a fluid 

column configured to detect the pressure of the blood proximate the intravascular blood pump; 

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

cannula and intravascular blood pump; (b) is arranged coaxially with at least one of a distal end 

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

method comprising: 

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

patient; and 

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

26. (New) A method for perfusion a patent with an intravascular blood pump system, 

4 
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the intravascular blood pump system is configured to be advanced to a predetermined location in 

a patient's circulatory system and comprises (i) an intravascular blood pump, the intravascular 

blood pump comprising a rotor having a generally conical rotor hub tapering in the distal 

direction, at least two blades extending radially from the rotor hub, the generally conical rotor 

hub having a distal tip extending distally beyond the blades; (ii) a cannula extending distally 

from the intravascular blood pump; (iii) a plurality of ingress ports located towards the proximal 

region of the cannula and a plurality of egress ports located in proximity to the blood pump such 

that movement of fluid proximally through an interior region of the cannula is steered towards 

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

and (v) an elongate lumen, the elongate lumen (a) having a luminal interior sized smaller than an 

inside diameter of the cannula and sufficiently large enough to accommodate the guide wire 

when the guide wire is advanced therealong, (b) arranged coaxially with respect to at least one of 

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

cannula, the method comprising: 

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

patient; and 

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

5 
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REMARKS 

Amendments to the specification are to correct related application data. No new matter 

has been added. 

Please enter the above claim amendments prior to any examination on the merits. 

Claims 1-23 have been canceled without prejudice to reconsideration and resubmission. Upon 

entry of this amendment, claims 24 - 26 will remain pending in the application. No new matter 

has been added. 

Applicant intends to file a supplemental preliminary amendment with addition claims 

and/or amendments prior to examination. Accordingly, Applicant respectfully requests that the 

Examiner contact Applicant's representative at the number given below if the Examiner intends 

to act on this application in the event the supplemental preliminary amendment with the revised 

set of claims has not been filed. 

To the extent that any arguments and disclaimers were presented to distinguish prior art, 

or for other reasons substantially related to patentability, during the prosecution of any and all 

parent and related application(s)/patent(s), Applicant(s) hereby explicitly retracts and rescinds 

any and all such arguments and disclaimers in this application to recapture any disclaimed scope, 

and respectfully requests that the Examiner re-visit the prior art that such arguments and 

disclaimers were made to avoid. 

If the Examiner finds that a telephone conference would expedite the prosecution of this 

application, please telephone the undersigned at the number provided. 

Date: ----"'N-'-'o"-v'-"e=m=b::..:e=r-"1'-'-7-'-=2"'-0"'-14..:....__ 

Getinge US Legal Shared Services 
1300 MacArthur Blvd. 
Mahwah, NJ 07 430 
Telephone: 1-201-995-8816 
Facsimile: 1-866-936-0615 

Respectfully submitted, 

By:_~/K==ir=k~D~·~S~w~e=n=s=on~/ ___ _ 
Kirk D. Swenson 
Registration No. 52,265 
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Date Mailed: 12/04/20 14 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
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to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

Walid N. ABOUL-HOSN, Fair Oaks, CA; 
William R. KANZ, Sacramento, CA; 
Bruce A. BAKER, Placerville, CA; 

MAQUET Cardiovascular LLC, Mahwah, NJ 
Assignment For Published Patent Application 

MAQUET CARDIOVASCULAR LLC, Mahwah, NJ 

Power of Attorney: The patent practitioners associated with Customer Number 99185 

Domestic Priority data as claimed by applicant 
This application is a CON of 12/772,810 05/03/2010 PAT 8888728 
which is a CON of 11/375,926 03/15/2006 PAT 7731675 
which is a DIV of 10/070,178 07/19/2002 PAT 7022100 
which is a 371 of PCT/US00/24515 09/01/2000 
which claims benefit of 60/152,249 09/03/1999 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
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Projected Publication Date: 03/12/2015 

Non-Publication Request: No 

Early Publication Request: No 
Title 

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

Preliminary Class 

600 

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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14/543,815 

Applicant(s) 
ABOUL-HOSN ET AL. 

Office Action Summary Examiner 
Adam Marcetich 

Art Unit 
3761 

AlA (First Inventor to File) 
Status 

No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE .J. MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR t. t 36(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § t33). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR t .704(b). 

Status 
1 )~ Responsive to communication(s) filed on 17 November 2014. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 24-26 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 

7)~ Claim(s) 24-26 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://vvww.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to P~'Hfeedback(wuspto.oov. 

Application Papers 
1 0)0 The specification is objected to by the Examiner. 
11 )~The drawing(s) filed on 17 November 2014 is/are: a)~ accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some** c)O None of the: 

1.0 
2.0 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) ~ Notice of References Cited (PT0-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 1 (one). 

U.S. Patent and Trademark Off1ce 
PTOL-326 (Rev. t t-t3) Office Action Summary 
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Application/Control Number: 14/543,815 

Art Unit: 3761 

DETAILED ACTION 

Notice of Pre-A/A or AlA Status 

The present application is being examined under the pre-AlA first to invent 

provisions. 

Double Patenting 

Page 2 

The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re VanOrnum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 
644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

Claims 24-26 rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 1, 5, 10, 12 and 22 of Aboul-

Hosn; Walid N. et al. (US 8888728). Although the conflicting claims are not identical, 

they are not patentably distinct from each other. 
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Page 3 

Regarding instant claim 24, Aboui-Hosn claims an intravascular blood pump 

system for perfusing a patient (claims 1, 10, 22, intravascular blood pump system), the 

intravascular blood pump system comprising: 

(i) an intravascular blood pump comprising a rotor having a rotor hub tapering in 

the distal direction, at least one blade extending radially outward from the rotor hub, the 

hub having a distal end extending distally beyond the most distal portion of the blade 

(claim 1, a rotor having a rotor hub ... extending distally beyond the most distal portion 

of the blade); and 

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

(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 (claim 1, cannula ... circular cross-section along a portion of its 

length); 

(iii) a first lumen in fluid communication with the intravascular blood pump and 

operatively arranged to deliver purge fluid to the intravascular blood pump (claim 1, first 

lumen ... purge fluid to the intravascular blood pump); and 

(iv) a guide mechanism configured as a second lumen having a proximal end and 

a distal end, the guide mechanism adapted to guide a distal portion of said intravascular 

blood pump system to a predetermined location within the circulatory system of a 

patient (claim 1, guide mechanism ... 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 
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wherein the guide mechanism is configured to allow for a guide wire to slideably 

advance therealong (claim 1, wherein an axis coaxial ... to slideably advance 

therealong); 

the blood pump capable of performing steps of: 

Page 4 

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

the patient (claims 5, 12, guide catheter is configured facilitate the placement of the 

guide wire through the vasculature into the heart); and 

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

location (claim 22, intravascular blood pump system configured to be advanced to a 

predetermined location in a patient's circulatory system). 

Aboui-Hosn does not explicitly claim a method for perfusing a patient. However, 

the blood pump system claimed by Aboui-Hosn will perform these steps when used as 

intended. Therefore, it would have been obvious to advance the pump system towards 

a predetermined location, in order to assist the heart by pumping blood. 

Regarding instant claim 25, Aboui-Hosn claims an intravascular blood pump 

system for perfusing a patent (claims 1, 10, 22, intravascular blood pump system), the 

intravascular blood pump system comprising: 

(i) an intravascular blood pump comprising a rotor having a rotor hub tapering in 

the distal direction and at least one blade extending radially outward from the rotor hub 

(claim 1, a rotor having a rotor hub ... extending distally beyond the most distal portion 

of the blade); 
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the intravascular blood pump coupled to a catheter on a proximal end and a 

cannula on a distal (claim 10, catheter on a proximal end and a cannula on a distal 

end); end 

(ii) a first set and a second set of apertures establishing fluid communication 

between an interior of the cannula and an exterior region of the cannula, wherein the 

first set of apertures is located in proximity to the rotor and the second set of apertures 

is spaced apart from and located distal to the first set of apertures towards a distal 

region of the cannula (claim 10, a first set and a second set of apertures ... towards a 

distal region of the cannula); 

(iii) a guide mechanism configured as an elongate lumen and adapted to guide 

said intravascular blood pump, cannula, and catheter to a predetermined location within 

the circulatory system of a patient (claim 10, guide mechanism); and 

(iv) a blood pressure detection mechanism comprising a fluid column configured 

to detect the pressure of the blood proximate the intravascular blood pump (claim 10, 

blood pressure detection mechanism comprising a fluid column); 

wherein the elongate lumen (a) is sized substantially smaller than an inner 

diameter of the cannula and intravascular blood pump (claim 10, elongate lumen is 

sized substantially smaller); 

(b) is arranged coaxially with at least one of a distal end or a proximal end of the 

cannula (claim 10, lumen is arranged coaxially ... cannula); and 

(c) is arranged in series longitudinally with the cannula (claim 10, cannula and 

the lumen are arranged in series longitudinally); 
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the blood pump capable of performing steps of: 

Page 6 

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

the patient (claims 5, 12, guide catheter is configured facilitate the placement of the 

guide wire through the vasculature into the heart); and 

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

location (claim 22, intravascular blood pump system configured to be advanced to a 

predetermined location in a patient's circulatory system). 

Aboui-Hosn does not explicitly claim a method for perfusing a patient. However, 

these steps would have been obvious to assist the heart by pumping blood as intended. 

Regarding instant claim 26, Aboui-Hosn claims an intravascular blood pump 

system for perfusing a patent, the intravascular blood pump system is configured to be 

advanced to a predetermined location in a patient's circulatory system (claims 1, 10, 22, 

intravascular blood pump system configured to be advanced to a predetermined 

location in a patient's circulatory system); and 

comprises: 

(i) an intravascular blood pump (claim 22, 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 (claim 22, intravascular blood pump comprising ... distal tip extending distally 

beyond the blades); 
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(ii) a cannula extending distally from the intravascular blood pump (claim 22, 

cannula extending distally); 

(iii) a plurality of ingress ports located towards the proximal region of the cannula 

and a plurality of egress ports located in proximity to the blood pump such that 

movement of fluid proximally through an interior region of the cannula is steered 

towards the egress ports (claim 22, a plurality of ingress ports ... steered towards the 

egress ports); 

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

(claim 22, guide wire ... smaller than the cannula); and 

(v) an elongate lumen, the elongate lumen (a) having a luminal interior sized 

smaller than an inside diameter of the cannula and sufficiently large enough to 

accommodate the guide wire when the guide wire is advanced therealong (claim 22, 

elongate lumen ... 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 (claim 22, lumen is arranged coaxially with respect to ... the 

cannula); and 

(c) arranged in series longitudinally with the cannula (claim 22, lumen and the 

cannula are arranged in series longitudinally); 

the blood pump capable of performing steps of: 

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

the patient (claims 5, 12, guide catheter is configured facilitate the placement of the 

guide wire through the vasculature into the heart); and 
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advancing the blood pump along the guide wire to the predetermined location 

(claim 22, intravascular blood pump system configured to be advanced to a 

predetermined location in a patient's circulatory system). 

Aboui-Hosn does not explicitly claim a method for perfusing a patient. However, 

these steps would have been obvious to assist the heart by pumping blood as intended. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. 

• Sammler; Rolf et al. US 6544216 
• Hwang; Ned H. C. et al. US 5112292 
• Siess; Thorsten et al. CA 2361972 A 1 
• Siess; T. US 6139487 
• Nix; C et al. US 5964694 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to: 

Tel 571-272-2590 
Fax 571-273-2590 
Email Adam.Marcetich@uspto.gov 

The Examiner can be reached 8:00am to 4:00pm Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Tatyana Zalukaeva can be reached on 571-272-1115. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

I Adam Marcetich/ 
Primary Examiner, Art Unit 3761 
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CA 2361972 A 1 2000/08/10 

(21) 2 361 972 
(13J A 1 

(57) Abrege(suite )/Abstract( continued): 
open a stenosed valve. The dilatation device is configured as a high-pressure balloon. During dilatation the microaxial pump 
(40) functions in such a way that it relieves the cardiac valve. In case of cardiac valve insufficiency a stent (21) which encloses a 
flexible cardiac valve prosthesis (20) is fixed to the dilatation device (17).The stent (21) is pressed against the insufficient cardiac 
valve by dilatation so that the cardiac valve ceases to function and the cardiac valve of the cardiac valve prosthesis is unfolded 
and takes over the function of the natural cardiac valve. 
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CA 02361972 2001-08-01 

Abstract 

A device for intravascular cardiac valve surgery 

For the treatment of an insufficient cardiac valve or a cardiac valve with a 

stenosis, a device is provided that comprises a micro axial pump (40). The 

pump portion (14) of the micro axial pump carries a dilating device (18) suitable 

for pushing open a stenosis in a valve. The dilating device is designed as a 

high-pressure balloon. During dilation, the micro axial pump ( 40) operates 

so that the heart is relieved. With insufficient cardiac valves, a stent (21) is 

fastened to the dilating device (17), the stent surrounding a flexible cardiac 

valve prosthesis (20). By dilation, the stent (21) is pressed against the 

insufficient cardiac valve and the same is passivated. The cardiac valve of 

the cardiac valve prosthesis is unfolded to assume the function of the natural 

cardiac valve. 

(Fig. 6) 
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A device for intravascular cardiac valve surgerv 

The invention refers to a device for intravascular cardiac surgery comprising 

a micro axial pump fastened to a catheter. 

In WO 98/43688, an intra-cardiac blood pump is described that has a motor 

portion and a pump portion and can be introduced into the heart through 

the vascular system. Such a blood pump can be positioned in the aortal valve 

through the aorta, for example, to pump blood from the left ventricle into 

10 the aorta. Such blood pumps are adapted to support or replace the pumping 

effect of the heart. They can be positioned in the heart without requiring the 

heart to be opened. 

From WO 97/37697, an intravascular blood pump is known that also has a 

15 motor portion and a pump portion, which are connected to a catheter. The 

blood pump can be pushed through the vascular system of the patient. It 

is a micro axial pump with a diameter of about 7 mm at most. The pump portion 

is surrounded by an expandable blocking device blocking the flow path outside 

the pump housing. Thereby, it is made sure that all blood drawn in is conveyed 

20 past the motor portion in the flow direction and short circuits caused by the 

flow around the pump portion are avoided. The blocking device may be an 

annular balloon affixed to the pump housing or an intake hose connected to 

the pump housing. This blood pump is intended for use in blood vessels, the 

blocking device only serving the purpose of blocking the vessel lumen around 

25 the pump portion, but not of deforming the vessel wall. Therefore, the balloon 

of the blocking device is a low pressure balloon inflated with low pressure 

so as to seal against the vessel wall in an non-traumatic manner. 

Also known are dilating catheters having a balloon with which a vascular stenosis 

30 can be removed by pushing it open. Such dilating catheters can also be used 

to insert an annular stent consisting of an expandable metal structure and 

forming a supporting device, so as to form a permanent widening support 

for the stenosis. Such a dilating catheter is designee as a perfusion catheter 
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with a pump portion for conveying blood through the inflated balloon. For 

cardiac valve surgery, this dilating catheter is not suitable if only for its small 

diameter of 2 mm at most. 

5 The most frequent defects of cardiac valves are valvular incompetence and 

valves with stenoses. In case of incompetence, the valve is unable to close 

fully. This causes a return flow. In general, such valves have to be replaced 

with artificial valves. Valves with stenoses have valve leaflets grown together 

at the edges, whereby the valve will not open completely and does not allow 

10 the full blood flow to pass therethrough. 

There are two forms of surgery on the cardiac valves: In cardiac valve 

replacement, the natural cardiac valve is removed and surgically replaced 

with a bio-prosthesis or a mechanical cardiac valve. For this type of surgery, 

15 it is necessary to keep the operating area free from blood, i.e. to divert the 

natural blood flow. In case of a repair of the natural cardiac valve, a minimally 

invasive intervention can be performed using a balloon introduced into the 

valve. Such operations, e.g., at the aortal valve, the cardiac surgeon or the 

cardiologist needs great skill. Among others, the reason for this is that the 

20 blood flow through the aorta has to be blocked during the breaking process 

so that the operation has to be made in very short time for the supply to the 

vessel system to be restored. Further, the pressure inside the heart rises 

extremely when blocking the aortal flow while its blood supply via the coronal 

vessels is halted. 

25 

It is the object of the present invention to provide a device for intravascular 

cardiac valve surgery with which minimally invasive valve operations can be 

done relatively simple and without being pressed for time. 

30 The object is solved, according to the invention, with the features of claim 

1. 

Page 122 of 724 ABIOMED Ex. 1003



CA 02361972 2001-08-01 

3 

In the present device, an intravascular micro axial pump is provided, i.e., 

a pump that can be pushed through the vascular system of a patient and 

has an correspondingly small outer diameter that does not exceed 8 mm. 

The pump portion of the micro axial pump bears a dilating device which is 

5 adapted to break up a stenosis in a cardiac valve if placed in the cardiac valve. 

This dilating device preferably comprises a high-pressure balloon whose 

expanded diameter is at least 15 mm and which is inflatable with at least 1.0 

bar. The high-pressure balloon is positioned in the cardiac valve and expanded 

using a liquid so that it breaks or blows open a stenosis in the cardiac valve. 

10 The dilating device thus forms an active element for breaking up a stenosis 

in a cardiac valve, in particular a stenosis in an aortal valve or a bicuspid valve. 

The lumen of the pump portion or of the cannula adjoining the pump portion 

is at least 8 mm so as to avoid a too strong local blood flow with large 

15 physiological volume flows of up to 71/min. Further, the carrier of the dilating 

device should have an outer diameter of at least 8 mm so that a sufficiently 

large support for the dilating device is formed and the extent ofthe diameter 

increase does not become excessive. 

20 Further, the invention refers to a device for intravascularly placing a cardiac 

valve prosthesis according to the features of claim 5. This device is also provided 

with a micro axial pump bearing a dilating device. Moreover, a stent is provided 

carrying a flexible cardiac valve prosthesis on its inner side. The stent containing 

the cardiac valve prosthesis can be introduced into the pathogenic cardiac 

25 valve and can be expanded by the dilating device so that it presses the valve 

leaflets of the natural cardiac valve apart. This cardiac valve prosthesis includes 

a single- or multi-wing cardiac valve that automatically becomes functional 

and replaces the natural cardiac valve. 

30 As the cardiac valve prosthesis, a jugular valve taken from calves or cows 

can be used. This would be a bio-prosthesis of natural tissue. 
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The following is a detailed description of embodiments of the invention with 

reference to the drawing. 

In the figures: 

Fig. 1 

Fig. 2 

Fig. 3 

Fig.4 

Fig. 5 

Fig. 6 

Fig. 7 

illustrates a device for removing a stenosis in a cardiac valve, 

introduced into the aortal valve, 

shows the device of Fig. 1 with the dilating device expanded, 

is a longitudinal section of a flexible cardiac valve prosthesis, 

illustrates the cardiac valve prosthesis of Fig. 3 in combination with 

an expanded stent, 

is a cross-sectional view of the pump portion with a surrounding 

balloon as well as a stent with a cardiac valve prosthesis contained 

therein that is also folded, 

is a view of the device for implanting the flexible cardiac valve 

prosthesis, and 

shows the region of the heart with the implanted cardiac valve 

prosthesis in an aortal position. 

Figure 1 illustrates a part of the heart, namely the left ventricle LV, from which 

blood flows through the aortal valve into the aorta AO. The aortal valve has 

three valve leaflets projecting into the aorta AO and forming a check valve 

in a fluidic sense that allows passage only into the aorta. 
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To push open an aortal valve AK with a stenosis, the device illustrated in Fig. 

1 is introduced into the heart through the aorta. This device comprises a 

catheter 10 connected with a micro axial pump 40. The pump comprises a 

drive portion 11 including an electric motor and driving a shaft 12 protruding 

5 from the distal end of the cylindrical drive portion 11. A holding web 13 extends 

axially from the drive portion 11 to the tubular pump portion 14. The pump 

portion 14 comprises a pump ring 15 including an impeller wheel driven by 

the drive shaft 12, and a cannula 16 axially continuing the pump ring 15. The 

entire pump device, namely the drive portion 11 and the pump portion 14, 

10 has a maximum diameter of 8 mm. The catheter 10 comprises the electric 

wires for the supply and the control of the micro axial pump 40 and a pressure 

lumen through which pressure liquid can be supplied. 

An annular balloon 17 is provided on the pump portion 14 and is illustrated 

15 in Fig. 1 in a folded state. Through the pressure lumen of the catheter 10, 

the balloon 17 may be inflated with liquid. The balloon is a high-pressure balloon 

with an inflated diameter of at least 15 mm, preferably between 15 and 40 

mm, and resistant to pressures up to 8 bar. The balloon 17 extends over a 

pat of the length of the cannula 16. Its entire length may be supported by 

20 a rigid ring that prevents a compression of the cannula 16. 

The pump device is introduced into the aorta by first placing a guiding wire 

{not illustrated) in the aorta and the left ventricle. Then the device is advanced 

along the guiding wire and positioned in the aortal valve AK such that the 

25 intake portion 16a is within the left ventricle LV, whereas the outlet portion 

19 is within the aorta. The pump portion 15 is thus enclosed by the aortal 

valve AK. The pump device conveys backward, i.e., it draws axially and ejects 

laterally in the outlet portion 19. 

30 After the pump device has been positioned in the way illustrated in Fig. 1, 

the drive portion 11 is activated so that the pump conveys blood from the 
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left ventricle LV into the aorta AO. Thereby, the heart is relieved in terms 

of volume and pressure and is calmed down. Then, the balloon 17 forming 

the dilating device 18 is inflated and expanded in the middle of the aortal 

valve AK. By the high-pressure inflated balloon 17, the valve leaflets of the 

5 aortal valve AK are pushed open and possible adhesions to the commissures 

are broken. In this manner a valve with a stenosis is pushed open far enough 

to reassume a completely open state. With the pump device, this form of 

valve operation can be performed in a calmed environment and without haste 

since, for the duration of the surgery, the cardiac output (I/ min) is conveyed 

10 by the pump device through the dilating device. In a similar manner, the above 

described dilating device can be used to break open a natural bicuspid valve 

with a stenosis. 

Figures 3 to 7 refer to a device with which an insufficient valve is replaced 

15 with a valve prosthesis. To this end, generally the same device as described 

with reference to Figures 1 and 2 is used. This device is illustrated in Figure 

6. Situated on the deflated and folded dilating device 18 is a flexible cardiac 

valve prosthesis 20 above which a compressed spiral-shaped stent 21 is located. 

20 Figure 6 further illustrates the guiding wire 22 that serves to advance the 

device with the catheter 10 and to place it in the correct position. The guiding 

wire 22 projects from the distal end of the cannula 16. It passes through a 

lateral hole 23 in the cannula and extends outside the pump portion 14 and 

the drive portion 11 along the catheter 10. 

25 

The flexible cardiac valve prosthesis 20 is illustrated in Figure 3. It is a bio­

prosthesis that has been taken from a cow or a calf. For this purpose, a section 

24 of a blood vessel including a vascular valve 25 was removed. This valve 

24 may be a single-wing or a three-wing valve. According to Figure 4, this 

30 valve prosthesis 20 is placed within a stent 21. The stent 21 is a tubular element 

of metal rods which, in the present example/ are bent meander-like and allow 
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for an axial compression or radial expansion. Other stent structures could 

also be used, such as, for example, a cell structure of stretch material. It is 

essential that the stent can reliably assume a compressed tubular shape and 

a n expanded tubular shape. The hose-shaped wall24 of the vascular prosthesis 

5 20 is sewed to the rods of the stent 21. Thus, the vascular prosthesis 20 is 

fastened to the inner side of the stent 21 so that after implantation of the 

vascular prosthesis, the stent rests between the natural cardiac valve and 

the bio-prosthesis and has no contact with the blood. Thus, the stent does 

not require the application of anti-coagulants against thrombosis. 

10 

Figure 5 illustrates the pump portion 14 with the pump ring 15. The balloon 

of the dilating device 18 and the valve prosthesis 20 are folded in a plurality 

of loops around the pump ring 15, the valve prosthesis being affixed to the 

rods of the stent 21. Int this state, the balloon, the valve prosthesis 20 and 

15 the stent 21 form a flat package surrounding the pump portion 14. This package 

is positioned in the natural cardiac valve AK. Thereafter, the pump is activated 

and the dilating device 17 is inflated with the pump operating. The stent 21 

is dilated, widening the cardiac valve prosthesis 24 and pressing the leaflets 

of the natural aortal valve AK outward into the open position (systolic valve 

20 position, as illustrated in Figure 7. Thereby, the aortal valveAK is passivated. 

25 

The stent 21 remains in the cardiac valve opening. In the stent, there is the 

cardiac valve prosthesis 24 enlarged to its original state and including the 

valve leaflets 25. This cardiac valve now assumes the function of the natural 

aortal valve AK. 

To avoid displacement of the cardiac valve prosthesis, the stent 21 or the 

cardiac valve prosthesis 20 can be fixed in the annulus 26 surrounding the 

natural cardiac valve. This is a strong ring of cartilage suitable for use as a 

holder of a cardiac valve prosthesis. 
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Claims 

1. A device for intravascular cardiac valve surgery comprising a micro axial 

pump ( 40) fastened to a catheter ( 10) and having a tubular pump portion 

(14), and a dilating device (18) surrounding the pump portion {14) which 

dilating device is suitable for breaking a stenosis of a cardiac valve when 

positioned in said cardiac valve (AK). 

2. The device of claim 1, characterized in that the dilating device (18) consists 

of an annular high-pressure balloon inflatable with at least 1.0 bar. 

3. The device of claim 1 or 2, characterized in that the pump portion (14) 

comprises a pump ring (15) and a tubular cannula (16) connected 

therewith. 

4. The device of one of claims 1-3, wherein the high-pressure balloon sits 

on a rigid annular support. 

5. A device for intravascular cardiac valve surgery comprising a micro axial 

pump (40) fastened to a catheter (10) and having a tubular pump portion 

(14), a dilating device (18) for expanding a stent (21), and a stent (21) 

carrying a folded flexible cardiac valve prosthesis (20) and being adapted 

to be expanded by the dilating device (17). 

6. The device of claim 5, wherein the cardiac valve prosthesis (20) is sewn 

to the stent (21). 

7. The device of claim 5 or 6, wherein the cardiac valve prosthesis (20) 

has a hose-shaped wall (24) that is folded together with a balloon wall 

of the dilating device (17). 
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71 6395026 81 2002-05-28 Aboui-Hosn et al. 

72 6532964 81 2003-03-18 Aboui-Hosn et al. 

73 6613008 81 2003-09-02 Aboui-Hosn et al. 

74 6709418 81 2004-03-23 Aboui-Hosn et al. 
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Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

75 7022100 81 2006-04-04 Aboui-Hosn et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20030023201 A1 2003-01-30 Aboui-Hosn et al. 

2 20030205233 A1 2003-11-06 Aboui-Hosn et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 2002-514472 JP A 2002-05-21 lmpella Cardiotechnik AG D 

2 97/46270 wo A1 1997-12-11 VOELKER, Wolfram D 

3 19821307 DE C1 1999-10-21 lmpella Cardiotechnik AG D 

4 1999/058170 wo A1 1999-11-18 lmpella Cardiotechnik AG D 
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Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

5 19622335 DE A1 1997-12-11 VOELKER, Wolfram D 

6 H-0999092 JP A 1997-04-15 Target Therapeutics Inc. D 

7 0916359 EP 81 1999-05-19 lmpella Cardiotech AG D 

8 2256427 CA A 1998-10-08 lmpella Cardiotech AG D 

9 89/05164 wo A1 1989-05-15 Nimbus Medical, Inc. D 

10 99/02204 wo A1 1999-01-21 A-Med Systems, Inc. D 

11 00/12148 wo A1 2000-03-09 A-Med Systems, Inc. D 

12 00/18448 wo A1 2000-04-06 A-Med Systems, Inc. D 

13 00/19097 wo A1 2000-04-06 A-Med Systems, Inc. D 

14 00/37139 wo A1 2000-06-26 A-Med Systems, Inc. D 

15 00/69489 wo A1 2000-11-23 A-Med Systems, Inc. D 
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Application Number 
.J. .. ...J .. ...>O.L...> ""...,.u. ..;, U.J.. 

Filing Date 2014-11-17 

INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

16 01/78807 wo A1 2001-10-25 A-Med Systems, Inc. D 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 
Online encyclopedia article "Pyrolytic Carbon" accessed February 19, 2009, http://en.wikipedia.org/wiki/Pyrolytic/ D carbon, 1 page. 

2 
On I ine encyclopedia article "Ventricular assist device, List of implantable VAD devices" accessed January 12, 201 0, D http://en.wikipedia.org/wikiNentricular_assist_device, 11 pages. 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I /ADAM MARCETICH/ I Date Considered 08/10/2015 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WI PO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WI PO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 
.J. .. ...J .. ...>O.L...> ""...,.u. ..;, U.J.. 

Filing Date 2014-11-17 
INFORMATION DISCLOSURE First Named Inventor I Walid N. ABOUL-HOSN 
STATEMENT BY APPLICANT 

Art Unit TBD 
( Not for submission under 37 CFR 1.99) 

Examiner Name ITBD 

Attorney Docket Number 06-01506US05 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e}(1 }. 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

[.8] See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Kirk D. Swenson/ Date (YYYY-MM-DD) 2014-11-17 

Name/Print Kirk D. Swenson Registration Number 52265 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Art Unit 
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Non-Elected A Appeal 

Interference 0 Objected 

D CPA D T.D. D R.1.47 
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PTO/AIA/26 (04-14) 
Approved for use through 07/31/2016. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 06-01506US05 

In reApplication of: Walid N. ABOUL-HOSN, et al. 

Application No.: 14/543,815 

Filed: November 17,2014 

For: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

The applicant, MAQUET Cardiovascular LLC , owner of 1 oo percent interest in the instant application hereby 
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration date of the full statutory term of prior patent No. 8 888 728 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

In making the above disci aimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application 
that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent is presently shortened by 
any terminal disclaimer," in the event that said prior patent later: 

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee. 

I hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more 
than five (5) years, or both. 

2. 0 The undersigned is an attorney or agent of record. Reg. No.---'-4-'-7"',3c.:9-=5 _____ _ 

/Wesley Scott Ashton/ 9/10/15 
Signature Date 

Wesley Scott Ashton 
Typed or printed name 

Patent Attorney (201) 378-8419 

Title Telephone Number 

0 Terminal disclaimer fee under 37 CFR 1.20(d) included. 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, caii1-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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AMENDMENT AND Attorney Docket 06-01506US05 

RESPONSE Confirmation No. 9742 
First Named Inventor Walid N. ABOUL-HOSN 

Address to: Application Number 14/543,815 
Filing Date November 17,2014 
Group Art Unit 3761 

Mail Stop: Amendment Examiner Name MARCETICH, ADAM M 
Commissioner for Patents Title Guidable Intravascular Blood Pump 

PO Box 1450 and Related Methods 

Alexandria, VA 22313-1450 

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

Sir: 

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

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

application identified above as follows. 

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

terminal disclaimer, no additional fees are believed to be due in association with this filing. If, 

however, any additional fees are required, the Commissioner is hereby authorized to charge any 

underpayment of fees associated with this communication, including any necessary fees for 

extensions of time, or credit any overpayment to Deposit Account No. 04-0170, order number 

06-01506US05. 

Amendments to the Specification begin on page 2. 

Amendments to the Claims begin on page 3. 

Remarks/Arguments begin on page 9. 
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05 

AMENDMENTS TO THE SPECIFICATION: 

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

This application is a continuation of co-pending U.S. Patent Application Serial No. 

121772,810, filed May 3, 2010 (now U.S. Patent No. 8,888,728), which is a continuation of U.S. 

Patent Application Serial No. 111375,926, filed March 15, 2006 (now U.S. Patent No. 7,731,675, 

issued June 8, 2010), which is a divisional of U.S. Patent Application Serial No. 10/070,178, 

filed July 19, 2002, (now U.S. Patent No. 7,022,100, issued April4, 2006) which is a U.S. 

National Stage Entry of International Patent Application No. PCT/US00/24515 filed September 

1, 2000, which claims the benefit of provisional U.S. Patent Application Serial No. 601152,249 

filed September 3, 1999, all of which are hereby incorporated by reference in their entireties. 

2 
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05 

AMENDMENTS TO THE CLAIMS: 

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

application: 

1- 23. (Cancelled) 

24. (Previously Presented) A method for perfusing a patient with an intravascular 

blood pump system, the intravascular blood pump system comprising (i) an intravascular blood 

pump comprising a rotor having a rotor hub tapering in the distal direction, at least one blade 

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

beyond the most distal portion of the blade and a shroud within which the rotor is rotatably 

disposed; (ii) a cannula extending from the shroud and comprising an outer cannula surface, the 

outer cannula surface having a substantially circular cross-section along a portion of its length; 

(iii) a first lumen in fluid communication with the intravascular blood pump and operatively 

arranged to deliver purge fluid to the intravascular blood pump; and (iv) a guide mechanism 

configured as a second lumen having a proximal end and a distal end, the guide mechanism 

adapted to guide a distal portion of said intravascular blood pump system to a predetermined 

location within the circulatory system of a patient, wherein an axis coaxial with and extending 

through a portion of said guide mechanism extends through a region delimited by the outer 

cannula surface, and wherein the guide mechanism is configured to allow for a guide wire to 

slideably advance therealong, the method comprising the steps of: 

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

patient; and 

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

3 
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05 

25. (Previously Presented) A method for perfusion a patent with an intravascular 

blood pump system, the intravascular blood pump system comprising (i) an intravascular blood 

pump comprising a rotor having a rotor hub tapering in the distal direction and at least one blade 

extending radially outward from the rotor hub, the intravascular blood pump coupled to a 

catheter on a proximal end and a cannula on a distal end; (ii) a first set and a second set of 

apertures establishing fluid communication between an interior of the cannula and an exterior 

region of the cannula, wherein the first set of apertures is located in proximity to the rotor and 

the second set of apertures is spaced apart from and located distal to the first set of apertures 

towards a distal region of the cannula; (iii) a guide mechanism configured as an elongate lumen 

and adapted to guide said intravascular blood pump, cannula, and catheter to a predetermined 

location within the circulatory system of a patient; and (iv) a blood pressure detection 

mechanism comprising a fluid column configured to detect the pressure of the blood proximate 

the intravascular blood pump; wherein the elongate lumen (a) is sized substantially smaller than 

an inner diameter of the cannula and intravascular blood pump; (b) is arranged coaxially with at 

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

longitudinally with the cannula: the method comprising: 

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

patient; and 

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

26. (Currently Amended) A method for perfusion a patent with an intravascular 

4 
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05 

blood pump system, the intravascular blood pump system is configured to be advanced to a 

predetermined location in a patient's circulatory system and comprises (i) an intravascular blood 

pump, the intravascular blood pump comprising a rotor having a generally conical rotor hub 

tapering in the distal direction, at least two blades extending radially from the rotor hub, the 

generally conical rotor hub having a distal tip extending distally beyond the blades; (ii) a cannula 

extending distally from the intravascular blood pump; (iii) a plurality of ingress ports located 

towards the proximal distal region of the cannula and a plurality of egress ports located in 

proximity to the blood pump such that movement of fluid proximally through an interior region 

of the cannula is steered towards the egress ports; (iv) a guide wire having a cross-section 

substantially smaller than the cannula; and (v) an elongate lumen, the elongate lumen (a) having 

a luminal interior sized smaller than an inside diameter of the cannula and sufficiently large 

enough to accommodate the guide wire when the guide wire is advanced therealong, (b) arranged 

coaxially with respect to at least one of a distal end or a proximal end of the cannula, and (c) 

arranged in series longitudinally with the cannula, the method comprising: 

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

patient; and 

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

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

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

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

order to enable the guide wire to pass axially through the distal end of the cannula. 
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05 

29. (New) The method of claim 24, wherein the guide mechanism is configured such 

that the guide wire passes through the region delimited by the outer cannula surface at a location 

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

30. (New) The method of claim 24, wherein the second lumen has an inner diameter 

along a portion of its length that is substantially smaller than an outer diameter of the outer 

cannula surface, and the lengh of the second lumen is substantially longer than the inner diameter 

of the second lumen. 

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

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

32. (New) The method of claim 24, further comprising: 

an elongate catheter extending proximally with respect to the intravascular blood pump; 

and a blood pressure detection mechanism comprising a fluid column disposed within the 

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

pump. 

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

bend at a location between distal and proximal ends thereof. 

34. (New) The method of claim 24, further comprising a first conduit and a second 

6 
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05 

conduit, at least one of the first conduit or the second conduit terminating in a fitting that is 

configured to be located outside a patient when the intravascular blood pump and cannula are 

located inside the patient, at least one of the first conduit and second conduit in fluid 

communication with the first lumen. 

35. (New) The method of claim 25, further comprising a guide wire and a guide 

catheter, wherein the guide catheter is configured to facilitate the placement of the guide wire 

through the vasculature into the heart. 

36. (New) The method of claim 25, wherein the cannula comprises an outer cannula 

surface having a substantially circular cross-section along a portion of its length, and the cannula 

is reinforced with a spiral wire. 

37. (New) The method of claim 25, further comprising a plurality of egress flow 

ports disposed in a shroud of the intravascular blood pump, and a plurality of ingress flow ports 

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

38. (New) The method of claim 37, wherein the ingress flow ports comprise an end 

port located at the cannula distal end and a plurality of ports located about the cannula and 

proximal to the end port. 

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

and the second set of apertures are ingress ports, and wherein the egress ports are configured to 

7 
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direct blood passing through the interior of the cannula and towards the rotor in a direction that is 

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

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

cannula and blood pump. 

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

proximal to the cannula. 

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

bend at a location between distal and proximal ends thereof. 

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

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

44. (New) The method of claim 26, wherein the lumen is proximal with respect to the 

cannula. 

45. (New) The method of claim 26, wherein the distal end of the cannula is open to 

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

Amendments to the specification are to update the related application data. No new 

matter has been added. 

Please enter the above claim amendments and new claims. 

Claims 1 -23 have been previously canceled without prejudice to reconsideration and 

resubmission. Claim 26 has been amended. Claims 27 through 45 are new. 

Support for new claims 27 through 45 and the amendment to claim 26 can be found 

throughout the specification and drawings as originally filed. Upon entry of this amendment, 

claims 24 - 45 will remain pending in the application. 

No new matter has been added. 

A. The Rejections 

Claims 24-26 stand allegedly rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 1, 5, 10, 12 and 22 of Aboul-Hosn; Walid N. 

et al. (US 8,888,728). 

B. Applicants' Arguments 

Applciants traverse the Examiner's rationale for the nonstatuatory obviouslness-type 

double patenting rejection, however, purely in the interest of expediting prosecution, Applicants 

file herewith a terminal disclaimer in compliance with 37 C.P.R.§ 1.321 (c) with respect to U.S. 

Patent 8,888,728. Therefore, the Examiner's obviousness-type double patenting rejection has 

been overcome and should be withdrawn. 

CONCLUSION 

In light of the terminal disclaimer filed herewith, Claims 24 - 45 are in condition for 

allowance, and a prompt notice of allowance is earnestly solicited. 

Applicants believe that no additional fee is due for the response other than the fee for two 

additional dependent claims and any fees associated with the terminal disclaimer. However, if 
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an additional fee is due, or if any extensions of time are required to maintain the application, then 

please charge the required fees to Deposit Account No. 04-0170, order number 06-01506US05. 

If the Examiner finds that a telephone conference would expedite the prosecution of this 

application, please telephone the undersigned at the number provided. 

Date: ---=Se::::.~p"""te=m=b=e=r--"1'"""'0'-'-, =20"'"'1~5'----

Getinge US Legal Shared Services 
1300 MacArthur Blvd. 
Mahwah, NJ 07 430 
Telephone: 1-201-995-8816 
Facsimile: 1-866-936-0615 

Respectfully submitted, 

By: __ ~/K~ir~k~D~-~S~w~e~n~s~on~/ ___ _ 
Kirk D. Swenson 
Registration No. 52,265 
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Electronic Patent Application Fee Transmittal 

Application Number: 14543815 

Filing Date: 17-Nov-2014 

Title of Invention: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

First Named Inventor/Applicant Name: Walid N. ABOUL-HOSN 

Filer: Kirk D. Swenson/Kathleen Andree 

Attorney Docket Number: 06-01506US05 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Claims in Excess of 20 1202 2 80 160 

Miscellaneous-Filing: 

Petition: 
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Post-Allowance-and-Post-Issuance: 
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Extension-of-Time: 
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Total in USD ($) 320 
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Electronic Acknowledgement Receipt 

EFSID: 23457264 

Application Number: 14543815 

International Application Number: 

Confirmation Number: 9742 

Title of Invention: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

First Named Inventor/Applicant Name: Walid N. ABOUL-HOSN 

Customer Number: 99185 

Filer: Kirk D. Swenson/Kathleen Andree 

Filer Authorized By: Kirk D. Swenson 

Attorney Docket Number: 06-01506US05 

Receipt Date: 1 0-SEP-2015 

Filing Date: 17-NOV-2014 

TimeStamp: 16:22:31 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $320 

RAM confirmation Number 3351 

Deposit Account 040170 

Authorized User SWENSON, KIRK 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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1 Terminal Disclaimer Filed 
2015-09-1 O_PTO_AIA_26_ Term 
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57606adb8bd 1 017 cd24c5b3464894 77773 
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Warnings: 
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56222 

2 
N-
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FINAL_OFFICE_ACTION_AS_FIL 
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0700 
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Applicant Arguments/Remarks Made in an Amendment 1 1 

Specification 2 2 
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Warnings: 
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32461 

3 Fee Worksheet (SB06) fee-info. pdf no 2 
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Total Files Size (in bytes) 249194 

Page 168 of 724 ABIOMED Ex. 1003



This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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U.S. Patent and Trademark Office 
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PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order- #of Copies _________ __ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 

0 The director is hereby authorized to charge the required fee( s ), any deficiency, or credits any 
overpayment, to Deposit Account Number (enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/l5A and l5B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ __ Registration No. ________________ _ 
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UNITED STA 1ES p A 1ENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

14/543,815 11117/2014 

99185 7590 10/05/2015 

Getinge US Legal Shared Services 
1300 MacArthur Boulevard 
Mahwah, NJ 07430 

FIRST NAMED INVENTOR 

Wa1id N. ABOUL-HOSN 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

06-01506US05 9742 

EXAMINER 

MARCETICH, ADAM M 

ART UNIT PAPER NUMBER 

3761 

DATE MAILED: 10/05/2015 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section 1(h)(2) of the AlA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the 
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See 
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer 
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to 
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CPR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0 101 or (571 )-272-4200. 

Page 3 of3 
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Application No. ~pplicant(s) 

Notice Requiring Inventor's Oath or 
14/543,815 ~alid N. ABOUL-HOSN 

Declaration Examiner ~rt Unit 
MARCETICH, ADAM M 3761 

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

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

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

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

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

The following deficiencies are noted: 

INFORMAL ACTION PROBLEMS 
• A properly executed inventor's oath or declaration has not been received for the following inventor(s): Walid 

N. ABOUL-HOSN, William R. KANZ, and Bruce A. BAKER. 
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and 
Fee(s) Due, PTOL-85, is mailed. 

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

U.S. Patent and Trademark Office 
PT0-2306 (01-13) Notice Requiring Inventor's Oath or Declaration 
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

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

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

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application No. 
14/543,815 

Applicant(s) 
ABOUL-HOSN ET AL. 

Notice of Allowability Examiner 
Adam Marcetich 

Art Unit 
3761 

AlA (First Inventor to 
File) Status 

No 

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

1. [8J This communication is responsive to 10 September 2015. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

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

3. [8J The allowed claim(s) is/are 24-45. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
~;t!;Q://www.usnto.gov/gatents/init events/.Qgh/index.js.Q or send an inquiry to PPHfeedback@uS(Qto.aov . 

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

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

5. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment I Comment or in the Office action of 
Paper No./Mail Date __ . 

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

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

/Adam Marcetich/ 
Primary Examiner, Art Unit 3761 

U.S. Patent and Trademark Off1ce 

5. [8J Examiner's Amendment/Comment 

6. [8J Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08·13) Notice of Allowability Part of Paper No./Mail Date 20150921 
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EXAMINER'S COMMENT I AMENDMENT I REASONS FOR ALLOWANCE 

Notice of Pre-A/A or AlA Status 

The present application is being examined under the pre-AlA first to invent 

provisions. 

Examiner's Comment 

The amended paragraph filed 10 September 2015 is acceptable and has been 

entered. 

Terminal Disclaimer 

The terminal disclaimer filed on 10 September 2015 disclaiming the terminal 

portion of any patent granted on this application which would extend beyond the 

expiration date of Aboui-Hosn; Walid N. et al. (US 8888728) has been reviewed and is 

accepted. The terminal disclaimer has been recorded. 

Examiner's Amendment 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 

with Kirk D. Swenson on Tuesday, 22 September 2015. 
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Claims 27, 40 and 41 are amended as follows. [[Deletions are in double 

Page 3 

brackets]] and additions are underlined. Ellipsis ... designates unchanged portions of 

claims which have been omitted for brevity. 

27. (Currently Amended) The method of claim 24, wherein the rotor comprises a 

second blade extending radially from the rotor hub and the [[rotar]] rotor hub is 

generally conical. 

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

extends centrally through the cannula and blood pump. 

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

lumen]] is proximal to the cannula. 

Allowable Claims 

Claims 24-45 are allowed. 

Reasons for Allowance 

Applicant's arguments filed 10 September 2015 regarding Aboui-Hosn have been 

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

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

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

pump 1 0), comprising: 
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(i) an intravascular blood pump comprising a rotor, tapered rotor hub, blade and 

shroud (col. 3, lines 20-24, drive section 11 and a pump section 12 as described in 

Siess; Thorsten et al. (WO 9737696 A 1)); 

(ii) a cannula extending from the shroud and comprising an outer cannula surface 

(col. 3, lines 36-44, Figs. 1, 2, pump hose 14). 

However, Sammler lacks several critical feature of the invention. Sammler lacks 

both a first lumen arranged to deliver purge fluid, and a guide mechanism configured as 

an elongate lumen. Significantly, Sammler relies on the motor-driven pump of Siess to 

move blood through vessels (Siess, Figs. 2, 3). Since the motor of Siess occupies the 

entire cross-section of the lumen, no space remains for a lumen to pass a guide wire or 

purge fluid. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to: 

Tel 571-272-2590 
Fax 571-273-2590 
Email Adam.Marcetich@uspto.gov 

The Examiner can be reached 8:00am to 4:00pm Monday through Friday. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Tatyana Zalukaeva can be reached on 571-272-1115. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

I Adam Marcetich/ 
Primary Examiner, Art Unit 3761 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 14543815 ABOUL-HOSN ET AL. 

I IIIII 

Examiner Art Unit 

ADAM MARCETICH 3761 

CPC 

Symbol Type Version 

A61M ::::::::::: 1 I ~ 125 F 2014-02-04 

A61M ::::::::::: 2025 I ~ 0183 A 2013-01-01 

A61M ::::::::::: 2025 I ~ 0177 A 2013-01-01 

A61M ::::::::::: 1 I ~ 101 I 2013-01-01 

Y10S ::::::::::: 415 I ~ 90 A 2013-01-01 

A61M ::::::::::: 1 I ~ 102 I 2014-02-04 

A61M ::::::::::: 1 I ~ 1034 I 2014-02-04 

A61M ::::::::::: 1 I ~ 1029 I 2014-02-04 

A61M ::::::::::: 1 I ~ 1086 I 2013-01-01 

A61M ::::::::::: 25 I ~ 09 I 2013-01-01 

::::::::::: I ~ 
::::::::::: I ~ 
::::::::::: I ~ 
::::::::::: I ~ 
::::::::::: I ~ 

CPC Combination Sets 

Symbol Type Set ... Version n"'"""'!:l 
:::::::::::: :::::~::::• 
:::::::::::: :::::~::::• 

NONE 
Total Claims Allowed: 

22 
(Assistant Examiner) (Date) 

/ADAM MARCETICH/ 
Primary Examiner.Art Unit 3761 09/22/2015 O.G. Print Claim(s) O.G. Print Figure 

(Primary Examiner) (Date) 1 1 

U.S. Patent and Trademark Office Part of Paper No. 20150921 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 14543815 ABOUL-HOSN ET AL. 

I IIIII 

Examiner Art Unit 

ADAM MARCETICH 3761 

US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION 

CLASS SUBCLASS CLAIMED NON-CLAIMED 

600 16 A 6 1 M 1 I 10 (2006.01.01) 

A 6 1 M 25 I 09 (2006.01.01) 

CROSS REFERENCE(S) 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

604 8 164.13 

623 3.15 3.1 

NONE 
Total Claims Allowed: 

22 
(Assistant Examiner) (Date) 

/ADAM MARCETICH/ 
Primary Examiner.Art Unit 3761 09/22/2015 O.G. Print Claim(s) O.G. Print Figure 

(Primary Examiner) (Date) 1 1 

U.S. Patent and Trademark Office Part of Paper No. 20150921 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 14543815 ABOUL-HOSN ET AL. 

I IIIII 

Examiner Art Unit 

ADAM MARCETICH 3761 

D Claims renumbered in the same order as presented by applicant D CPA 181 T.D. D R.1.47 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 17 8 33 

2 18 9 34 

3 19 11 35 

4 20 12 36 

5 21 13 37 

6 22 14 38 

7 23 15 39 

8 1 24 16 40 

9 10 25 17 41 

10 20 26 18 42 

11 2 27 19 43 

12 3 28 21 44 

13 4 29 22 45 

14 5 30 

15 6 31 

16 7 32 

NONE 
Total Claims Allowed: 

22 
(Assistant Examiner) (Date) 

/ADAM MARCETICH/ 
Primary Examiner.Art Unit 3761 09/22/2015 O.G. Print Claim(s) O.G. Print Figure 

(Primary Examiner) (Date) 1 1 

U.S. Patent and Trademark Office Part of Paper No. 20150921 
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UNI1ED STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371 (c) 
DATE 

14/543,815 11/17/2014 

RULE 

APPLICANTS 
MAQUET Cardiovascular LLC, Mahwah, NJ; 

INVENTORS 
Walid N. ABOUL-HOSN, Fair Oaks, CA; 
William R. KANZ, Sacramento, CA; 
Bruce A. BAKER, Placerville, CA; 

** CONTINUING DATA ************************* 

CLASS 

604 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

CONFIRMATION NO. 9742 

GROUP ART UNIT ATTORNEY DOCKET 
NO. 

3761 06-01506US05 

This application is a CON of 12/772,810 05/03/2010 PAT 8888728 
which is a CON of 11/375,926 03/15/2006 PAT 7731675 
which is a D IV of 1 0/070,178 07/19/2002 PAT 70221 00 
which is a 371 of PCT/US00/24515 09/01/2000 
which claims benefit of 60/152,249 09/03/1999 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
12/02/2014 

Foreign Priority claimed DYes ~No STATE OR SHEETS TOTAL INDEPENDENT 
35 USC t t 9(a-d) conditions met 0 Yes ~No 0 Metafter COUNTRY DRAWINGS c/ CLAIMS Allowance 
Verified and I Adam Marcetich/ 

CA 18 3 Acknowledged Examiner's Signature Initials 22 
ADDRESS total claims: 22 

Getinge US Legal Shared Services independent: 3 
1300 MacArthur Boulevard updated Tue 22 Sep 2015 Mahwah, NJ 07430 
UNITED STATES /AMM/ 

TITLE 

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

0 All Fees 

FEES: Authority has been given in Paper 
0 1.16 Fees (Filing) 

FILING FEE 0 1.17 Fees (Processing Ext. of time) 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT 

1900 No. for following: 0 1.18 Fees (Issue) 

0 Other 

0 Credit 

BIB (Rev. 05/07). 
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EAST Search History 
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Receipt date: 09/10/2015 14543815 - GAU: 3761 

Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05 

AMENDMENTS TO THE SPECIFICATION: 

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

OK TO ENTER: /AMM/ 

/AMM/ (09/30/2015) 

This application is a continuation of co-pending U.S. Patent Application Serial No. 

121772,810, filed May 3, 2010 (now U.S. Patent No. 8,888,728), which is a continuation of U.S. 

Patent Application Serial No. 111375,926, filed March 15, 2006 (now U.S. Patent No. 7,731,675, 

issued June 8, 2010), which is a divisional of U.S. Patent Application Serial No. 10/070,178, 

filed July 19, 2002, (now U.S. Patent No. 7,022,100, issued April4, 2006) which is a U.S. 

National Stage Entry of International Patent Application No. PCT/US00/24515 filed September 

1, 2000, which claims the benefit of provisional U.S. Patent Application Serial No. 601152,249 

filed September 3, 1999, all of which are hereby incorporated by reference in their entireties. 

2 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 14543815 ABOUL-HOSN ET AL. 

Examiner Art Unit 

ADAM MARCETICH 3761 

CPC-SEARCHED 

Symbol Date Examiner 
A61M1/101; A61M1/102; A61M1/1034; A61M1/125; A61M1/1029; 08/10/2015 AMM 
A61 M1 /1 086; A61 M25/09; Y1 08415/90 
A61M1/101; A61M1/102; A61M1/1034; A61M1/125; A61M1/1029; 09/22/2015 AMM 
A61 M1 /1 086; A61 M25/09; A61 M25/09041; A61 M2025/0183 ; 
A61 M2025/0177 
A61 85/021; A61 85/0215; Y1 08415/90 09/22/2015 AMM 

CPC COMBINATION SETS -SEARCHED 

Symbol I Date I Examiner 

I I 

US CLASSIFICATION SEARCHED 

Class I Subclass I Date I Examiner 
I I I 

SEARCH NOTES 

Search Notes Date Examiner 
Inventor search: PALM and EAST (US-PGPUB, USPAT, USOCR) 08/10/2015 AMM 
Review cited art for parent cases 10/070, 178; 11 /375,926; 12/772,810 08/10/2015 AMM 
search update 09/22/2015 AMM 

INTERFERENCE SEARCH 

US Class/ US Subclass I CPC Group Date Examiner 
CPC Symbol 

claim keyword search 09/22/2015 AMM 

/ADAM MARCETICH/ 
Primary Examiner.Art Unit 3761 

U.S. Patent and Trademark Office Part of Paper No. : 20150921 
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Doc code: RCEX PTOISBI30EFS (07-14) 
Doc description: Request for Continued Examination (RCE) Approved for use through 0713112016. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
t4/543,815 I Filing 

1 ~014-11-17 Docket Number 
r-01506US05 I Art 

1 

r761 Number Date {if applicable) Unit 

First Named 
Walid N. ABOUL-HOSN 

Examiner 
EARCETICH, Adam M. I Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, to any international application that does not comply with the requirements of 35 U.S. C. 371, or to any design application. The 
Instruction Sheet for this form is located at WWW.USPTO.GOV. 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s) 
entered, applicant must request non-entry of such amendment(s). 

D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

r:g] Other ~ubmitted after Notice of Allowance issued (October 5, 2015) 

r:g] Enclosed 

D Amendment/Reply 

r:g] Information Disclosure Statement (IDS) 

D Affidavit(s)/ Declaration(s) 

D Other 

MISCELLANEOUS 

D Suspension of action on the above-identified application is requested under 37 CFR 1.1 03{c) for a period of months 
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

D Other 

FEES 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 
r:g] The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 

Deposit Account No ~40170 I 
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

X Patent Practitioner Signature 

Applicant Signature 

EFS - Web 2.1.15 
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Doc code: RCEX PTOISBI30EFS (07-14) 
Doc description: Request for Continued Examination (RCE) Approved for use through 0713112016. OMB 0651-0031 

Signature 

Name 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Signature of Registered U.S. Patent Practitioner 

Kirk D. Swenson/ Date (YYYY-MM-DD) ~016-01-05 

f<irk D. Swenson Registration Number ~2265 

I 
This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to 
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, 
P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 

EFS - Web 2.1.15 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFS - Web 2.1.15 
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Doc code: IDS 
Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-1 0 version) 

Complete If Known 

INFORMATION DISCLOSURE Attorney Docket 06-0 1506US05 
Confirmation No. 9742 

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

Substitute for Form PT0-1449 Filing Date November 17,2014 

( Not for submission under 37 CFR 1.99) Group Art Unit 3761 

Examiner N arne MARCETICH, ADAM M 
Title Guidable Intravascular Blood Pump 

and Related Methods 

Sheet 1 of 5 

U.S. PATENTS 

Cite Issue Date Pages, Columns, 
Examiner No. Patent 

Kind 
Name of Patentee or Lines where Relevant 

Initial* (A1, A2, Number 
Code 1 YYYY-MM-DD 

Applicant Passages or Relevant 
... An) of cited Document Figures Appear 

A1 4769005 A 1988-09-06 Ginsburg et al. 

A2 4846152 A 1989-07-11 Nimbus Medical Inc. 

A3 4944722 A 1990-07-31 Nimbus Medical Inc. 

A4 5092879 A 1992-03-03 Jarvik, Robert K. 

Terumo Kabushiki 
AS 5106363 A 1992-04-21 

Kaisha 

Cardiovascular 
A6 5108411 A 1992-04-28 

Imaging Systems Inc. 

Advanced 

Cardiovoascular 
A7 5137513 A 1992-08-11 

Systems Inc. 

New York University 

A8 5334142 A 1994-08-02 

Examiner Signature I I Date Considered I 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw 
line through citation if not in conformance and not considered. Include copy of this form with next 
communication to applicant. 

See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. L Enter office that issued the 
document, by the two-letter code (WI PO Standard ST.3). 3 For Japanese patent documents, the indication of the year of the 
reign of the Emperor must precede the serial number of the patent document. 4 Kind of document by the appropriate symbols 
as indicated on the document under WI PO Standard ST.16 if possible. 5 Applicant is to place a check mark here if English 
language translation is attached. 
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Doc code: IDS 
Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-1 0 version) 

Complete If Known 

INFORMATION DISCLOSURE Attorney Docket 06-0 1506US05 
Confirmation No. 9742 

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

Substitute for Form PT0-1449 Filing Date November 17,2014 

( Not for submission under 37 CFR 1.99) Group Art Unit 3761 

Examiner N arne MARCETICH, ADAM M 
Title Guidable Intravascular Blood Pump 

and Related Methods 

Sheet 2 of 5 

Advanced 

A9 5516336 A 1996-05-14 Cardiovascular 

Systems Inc. 

Endovascular Systems 
A10 5697948 A 1997-12-16 

Inc. 

Baxter International 
All 5746575 A 1998-05-05 

Inc. 

A12 5824070 A 1998-10-20 Jarvik, Robert 

A13 5851174 A 1998-12-22 Jarvik Robert 

A14 5911702 A 1999-06-15 Heartport Inc. 

lmpella Cardiotechnik 
A15 6007478 A 1999-12-28 

Aktiengesellschaft 

A16 6071093 A 2000-06-06 Abiomed Inc. 

MEDOS 
A17 6116862 A 2000-09-12 

Medizintechnik GmbH 

A18 6136025 A 2000-10-24 Barbut et al. 

Horizon Medical 
A19 6146354 A 2000-11-14 

Products 

lmpella Cardiotechnik 
A20 6176848 B1 2001-01-23 

GmbH 

Examiner Signature I Date Considered 
I 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw 
line through citation if not in conformance and not considered. Include copy of this form with next 
communication to applicant. 

See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. L Enter office that issued the 
document, by the two-letter code (WI PO Standard ST.3). 3 For Japanese patent documents, the indication of the year of the 
reign of the Emperor must precede the serial number of the patent document. 4 Kind of document by the appropriate symbols 
as indicated on the document under WI PO Standard ST.16 if possible. 5 Applicant is to place a check mark here if English 
language translation is attached. 
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Doc code: IDS 
Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-1 0 version) 

Complete If Known 

INFORMATION DISCLOSURE Attorney Docket 06-0 1506US05 
Confirmation No. 9742 

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

Substitute for Form PT0-1449 Filing Date November 17,2014 

( Not for submission under 37 CFR 1.99) Group Art Unit 3761 

Examiner N arne MARCETICH, ADAM M 
Title Guidable Intravascular Blood Pump 

and Related Methods 

Sheet 3 of 5 

Becton Dickinson and 
A21 6197001 B1 2001-03-06 

Company 

A22 6248091 B1 2001-06-19 Voelker, Wolfram 

Coraz6n Technologies 
A23 6290689 B1 2001-09-18 

Inc. 

A24 6354814 B1 2002-03-12 Kaufmann et al. 

lmpella Cardiotechnik 
A25 6544216 B1 2003-04-08 

Aktiengesellschaft 

A26 6572530 B1 2003-06-03 JMS Co. Ltd. 

A27 6592567 B1 2003-07-15 CHF Solutions Inc. 

A28 6673040 B1 2004-01-06 Cardeon Corporation 

Aisin Seiki Kabushiki 
A29 6733459 B1 2004-05-11 

Kaisha 

A30 7517352 B2 2009-04-14 Bacchus Vascular Inc. 

A31 7998054 B2 2011-08-16 Thoratec Corporation 

A32 8545447 B2 2013-10-01 Demarais et al. 

Examiner Signature I I Date Considered I 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw 
line through citation if not in conformance and not considered. Include copy of this form with next 
communication to applicant. 

See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. L Enter office that issued the 
document, by the two-letter code (WI PO Standard ST.3). 3 For Japanese patent documents, the indication of the year of the 
reign of the Emperor must precede the serial number of the patent document. 4 Kind of document by the appropriate symbols 
as indicated on the document under WI PO Standard ST.16 if possible. 5 Applicant is to place a check mark here if English 
language translation is attached. 
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Doc code: IDS 
Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-1 0 version) 

Complete If Known 

INFORMATION DISCLOSURE Attorney Docket 06-0 1506US05 
Confirmation No. 9742 

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

Substitute for Form PT0-1449 Filing Date November 17,2014 

( Not for submission under 37 CFR 1.99) Group Art Unit 3761 

Examiner N arne MARCETICH, ADAM M 
Title Guidable Intravascular Blood Pump 

and Related Methods 

Sheet 4 of 5 

U.S. PATENT APPLICATION PUBLICATIONS 

Cite Publication Pages, Columns, 

Examiner 
No. 

Publication 
Kind Date Name of Patentee or Lines where 

Initial* 
(81, 

Number 
Code Applicant of cited Relevant Passages 

82, 1 YYYY-MM- Document or Relevant 
... 8n) DD Figures Appear 

81 20010027287 A1 2001-10-04 Trans Vascular Inc. 

82 20030088151 A1 2003-05-08 Kung et al. 

83 20030100816 A1 2003-05-29 Siess, Thorsten 

84 20030187322 A1 2003-10-02 Siess, Thorsten 

85 20040097995 A1 2004-05-20 Nash et al. 

86 20050049696 A1 2005-03-03 Siess et al. 

87 20090024212 A1 2009-01-22 Siess et al. 

88 20130304158 A1 2013-11-14 Zarinetchi et al. 

Examiner Signature I I Date Considered I 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw 
line through citation if not in conformance and not considered. Include copy of this form with next 
communication to applicant. 

See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. L Enter office that issued the 
document, by the two-letter code (WI PO Standard ST.3). 3 For Japanese patent documents, the indication of the year of the 
reign of the Emperor must precede the serial number of the patent document. 4 Kind of document by the appropriate symbols 
as indicated on the document under WI PO Standard ST.16 if possible. 5 Applicant is to place a check mark here if English 
language translation is attached. 
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Doc code: IDS 
Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-1 0 version) 

Complete If Known 

INFORMATION DISCLOSURE Attorney Docket 06-0 1506US05 
Confirmation No. 9742 

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

Substitute for Form PT0-1449 Filing Date November 17,2014 

( Not for submission under 37 CFR 1.99) Group Art Unit 3761 

Examiner N arne MARCETICH, ADAM M 
Title Guidable Intravascular Blood Pump 

and Related Methods 

Sheet 5 of 5 

FOREIGN PATENT DOCUMENTS 

Publication 
Pages, 

Date 
Columns, 

Cite Lines 
No. 

Foreign 
Name of where 

Examiner (C1, 
Document 

Country Kind Patentee or Relevant Ts 
Initial* C2, 

Number3 Code2 Code4 

YYYY-MM-
Applicant of Passages 

... Cn) 
DD 

cited Document or 
Relevant 
Figures 
Appear 

NON PATENT LITERATURE DOCUMENTS 

Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when 

No. Examiner 
(D1, 

appropriate), title of the item (book, magazine, journal, serial, symposium, catalog, Ts 
Initial* 

D2, 
etc), date, pages(s), volume-issue number(s), publisher, city and/or country where 

... Dn) 
published . 

D1 

Examiner Signature I I Date Considered I 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw 
line through citation if not in conformance and not considered. Include copy of this form with next 
communication to applicant. 

See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. L Enter office that issued the 
document, by the two-letter code (WI PO Standard ST.3). 3 For Japanese patent documents, the indication of the year of the 
reign of the Emperor must precede the serial number of the patent document. 4 Kind of document by the appropriate symbols 
as indicated on the document under WI PO Standard ST.16 if possible. 5 Applicant is to place a check mark here if English 
language translation is attached. 
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Customer No.: 99185 Docket No.: 06-01506US05 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re 

application of: Walid N. ABOUL-HOSN et al. 

Serial No.: 

Filed: 

For: 

14/543,815 

November 17, 2014 

GUIDABLE INTRAVASCULAR 
BLOOD PUMP AND 
RELATED METHODS 

Confirmation No.: 9742 

Group Art Unit: 3761 

Examiner: MARCETICH, Adam 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir/Madam: 

Pursuant to 37 CFR § 1.56, the attention of the Patent and Trademark Office is 

hereby directed to the reference(s) listed on the attached Supplemental Information 

Disclosure Statement (SIDS) form (i.e., form PT0-1449, form PTO/SB/08, or modified 

variations thereof). Unless otherwise indicated herein, one copy of each reference is 

attached. It is respectfully requested that the information be expressly considered during 

the prosecution of this application, and that the reference(s) be made of record therein 

and appear among the "References Cited' on any patent to issue therefrom. 
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The filing of this Supplemental Information Disclosure Statement and the 

enclosed SDS form(s), shall not be construed as an admission that the information cited is 

prior art, or is considered to be material to patentability as defined in 37 C.F.R. § 1.56(b). 

Applicants have listed the publication date on the attached IDS form(s) based on 

information presently available to the undersigned. However, the listed publication date 

should not be construed as an admission that the information was actually published on 

the date indicated. Applicants reserve the right to establish the patentability of the 

claimed invention over any of the information provided herewith, and/or to prove that 

this information may not be prior art, and/or to prove that this information may not be 

enabling for the teachings purportedly offered. 

This submission is not a representation that a search has been made. The 

paragraphs marked below are applicable. It is believed that no fees other than those 

indicated below are due, but authorization is hereby given to charge any additional fees 

due, or to credit any overpayment, to deposit account 04-0170. 

1. This Information Disclosure Statement is being filed before the mailing of 

a first office action after filing of a request for continued examination. 

2. Since this application was filed after June 30, 2003, in accordance with 37 

CFR § 1.98(a)(2)(ii), Applicant has not submitted copies of copies of U.S. patent and 

patent application references. 
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It is respectfully requested that the Examiner indicate consideration of the cited 

references by returning a copy ofthe attached IDS form (i.e., PTO/SB/08, PT0-1449 or 

equivalents thereof) with initials or other appropriate marks. In the unlikely event that 

the transmittal letter is separated from this document and the U.S. Patent Office 

determines that an extension and/or other relief is required, Applicant(s) petitions for any 

required relief including extensions of time and authorizes the Commissioner to charge 

the cost of such petitions and/or other fees due in connection with the filing of this 

document to Deposit Account No. 04-0170, reference number 06-01506US05. However, 

the Commissioner is not authorized to charge the cost of the issue fee to the Deposit 

Account 04-0170. 

DATE: January 5, 2016 

Respectfully submitted, 

/Kirk D. Swenson/ 

Kirk D. Swenson 
Registration No. 52,265 
Agent for Applicant(s) 
MAQUET Cardiovascular LLC 
1300 MacArthur Boulevard 
Mahwah, NJ 07430 
Tel: (201) 995-8816 
Fax: (866) 936-0615 

Docket No. 06-01506US05 
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Electronic Patent Application Fee Transmittal 

Application Number: 14543815 

Filing Date: 17-Nov-2014 

Title of Invention: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

First Named Inventor/Applicant Name: Walid N. ABOUL-HOSN 

Filer: Kirk D. Swenson 

Attorney Docket Number: 06-01506US05 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Miscellaneous: 

Request for Continued Examination 1801 1 1200 1200 

Total in USD ($) 1200 
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Electronic Acknowledgement Receipt 

EFSID: 24535565 

Application Number: 14543815 

International Application Number: 

Confirmation Number: 9742 

Title of Invention: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

First Named Inventor/Applicant Name: Walid N. ABOUL-HOSN 

Customer Number: 99185 

Filer: Kirk D. Swenson 

Filer Authorized By: 

Attorney Docket Number: 06-01506US05 

Receipt Date: 05-JAN-2016 

Filing Date: 17-NOV-2014 

TimeStamp: 20:20:15 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1200 

RAM confirmation Number 5663 

Deposit Account 040170 

Authorized User SWENSON, KIRK 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes}/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

1363858 

1 
Request for Continued Examination 

2016-01-05_RCE_sb0030efs.pd no 3 
(RCE) 

44cdf7685790acf8b4d06fab 19030e953a21 
f8ea 

Warnings: 

Information: 

167097 

2 
Information Disclosure Statement (IDS) 

06-01506US05_1.pdf no 5 
Form (SB08) 

b2469e18504b692976ebf1 Sf7093f11 d73c 
Sb60 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

74194 

3 Transmittal Letter 
2016_01_05_ TRANSMITIAL_LE 

no 3 
TIER_1.pdf 

6c175 1 Sbb7a299e344c620d378958895251 
91c20 

Warnings: 

Information: 

30786 

4 Fee Worksheet (SB06) fee-info. pdf no 2 
f168ce8512a47dc34b0554c2f041 dfd7608e 

1773 

Warnings: 

Information: 

Total Files Size (in bytes) 1635935 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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/" 

PTO/AIA/15 (03-13) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are reauired to resoond to a collection of information unless it disola sa valid OMB control number 

UTILITY Attorney Docket No. 06-01506US05 

PATENT APPLICATION First Named Inventor Walid N. ABOUL-HOSN 
"""' 

TRANSMITTAL Title GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

' 
(Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. FILED ELECTRONICALLY via EFS WE~ 

APPLICATION ELEMENTS Commissioner for Patents 

See MPEP chapter 600 concerning utility patent application contents. ADDRESS TO: P.O. Box 1450 
Alexandria, VA 22313-1450 

1.0 Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS 
(PTO/SB/17 or equivalent) 

2.o Applicant asserts small entity status. 10. 0 Assignment Papers 

See 37 CFR 1.27 (cover sheet & document(s)) 

3.o Applicant certifies micro entity status. See 37 CFR 1.29. 
Name of Assignee 

Applicant must attach form PTO/SB/15A orB or equivalent. 

4.0 Specification [Total Pages l 11.0 37 CFR 3.73(c) Statement 0 Power of Attorney 
Both the claims and abstract must start on a new page. (when there is an assignee) 
(See MPEP § 608.01(a)for information on the preferred arrangement) 

12.0 English Translation Document 
5.0 Drawing(s) (35 U.S.C. 113) [Total Sheets l (if applicable) 

6. Inventor's Oath or Declaration [Total Pages 3 l 13.0 Information Disclosure Statement 
(including substitute statements under 37 CFR 1. 64 and assignments (PTO/SB/08 or PT0-1449) 
serving as an oath or declaration under 37 CFR 1. 63(e)) 

0 Copies of citations attached 
a. 0 Newly executed (original or copy) 

14.0 Preliminary Amendment 
b. 0 A copy from a prior application (37 CFR 1.63(d)) 

15.0 Return Receipt Postcard 
7.o Application Data Sheet *See note below. (MPEP § 503) (Should be specifically itemized) 

See 37 CFR 1.76 (PTO/AIA/14 or equivalent) 
16.0 Certified Copy of Priority Document(s) 

8. CD-ROM or CD-R (if foreign priority is claimed) 
in duplicate, large table, or Computer Program (Appendix) 

17.0 Nonpublication Request 

0 Landscape Table on CD Under 35 U.S. C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35 

9. Nucleotide and/or Amino Acid Sequence Submission 
or equivalent. 

(if applicable, items a.- c. are required) 18. 0 Other: 

a. 0 Computer Readable Form (CRF) 

b. 0 Specification Sequence Listing on: 

i. 0 CD-ROM or CD-R (2 copies); or 

ii.O Paper 

c. 0 Statements verifying identity of above copies 

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS). 
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an 

assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary 
interest in the matter. See 37 CFR 1.46(b). 

19. CORRESPONDENCE ADDRESS 

0 The address associated with Customer Number: 99185 OR 0 Correspondence address below 

Name 

Address 

City I State I I Zip Code 

Country I Telephone I I Email 

Signature /Kirk D. Swenson/ Date January 5, 2016 
Name 

Kirk D. Swenson 
Registration No. 

52,265 (Print/Type) (Attorney I Agent) 

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S. C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount oftime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 24525881 

Application Number: 14543815 

International Application Number: 

Confirmation Number: 9742 

Title of Invention: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

First Named Inventor/Applicant Name: Walid N. ABOUL-HOSN 

Customer Number: 99185 

Filer: Kirk D. Swenson/Kathleen Andree 

Filer Authorized By: Kirk D. Swenson 

Attorney Docket Number: 06-01506US05 

Receipt Date: 05-JAN-2016 

Filing Date: 17-NOV-2014 

TimeStamp: 11:53:49 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes}/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

1049756 

1 Oath or Declaration filed 
FULLY _EXECUTED_DEC_aiaOOO 

no 3 
1.pdf 

160e 1 d98e62b4fe9caf4c034f3552eb45001 
10d4 

Warnings: 

Information: 
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275263 

2 Transmittal Letter 
2016-01-05_ Transmittal_of_Oa 

no 2 
ths_aia0015.pdf 

626b2970a06bc72c1781 cb1 a611 522de9d5 
d1328 

Warnings: 

Information: 

Total Files Size (in bytes) 1325019 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTOfAlA/01 (t:6- i 2l 
Approved for :J:le through !l"l/31.':2014, OMB 065-1-0032 

U.K Patent ana Tmdemark Offica; U.S. OEPARiMENT OF COMMERCE 
Ur:dar !tle Paperwork Reeuction Act or 1995. no persons are reQuired to:) respcm:l tc a ooi!m:tion of intormatio:"l :.mless Et tJisplays a vaiid OMB ror,tro! number. 

DECLARAT~ON {37 CFR 1.63} FOR UT~UTY OR DES~GN APPUCAT~ON USING AN 
APPUCAT~ON D.A TA SHEET (37 CFR 1. 7S) 

Title of GUIDABLE iNTRAVASCULAR BLOOD PUMP AND RELATED METHODS 
Invention 

As the below named inventor, I hereby declare that: 

This declaration 
is directed io: D The attached application, or 

The above-identified application was made or authorized to be made by me. 

! believe that ! am the original inventor or an originaJ joint inventor of a claimed invention in the application. 

I hereby acknowledge that any wmfu! false statement made in th!s declaration is punishable under 18 U.S.Co 1001 
by fine or impri::~onment of not more than five (5) years, or ooth. 

Petitioner/applicant is cautioned to avoid submitting persona! !nfunmat!on ~n documents fiied in a patent application that may 
contribute to identity theft Persona! information such as social security numbers, bank account numbers, or credit card numbers 
(olher than a check or credit card mi!hori:!atkm form PT0~2038 submltted for payment purposes} is never required by the USPTO 
to support a petition or an application. if this type of persona! information is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant ~s advised !hat the record of a patent application !s available to the pub!ic after publication of the 
application (unless a non~pubHcation request in compliance w!th 37 CFR 1 .213(a) is made in the app!ication} or issuance of a 
patent. Furthem<ore, the record from an abandoned appiicaiion may also be available to the public lf the application is 
referenced in a published application or an issued patent (see 37 GFR 1. 14}. Checks and credit card authorization fomls 
PT0-2038 submitted for payment purposes are not retained in the app!icatkm file and therefore are not publidy available. 

LEGAL NAME OF INVENTOR 

Signature: ---~-_._. ...... .----------------------~:~~~:!:~:~~:~7t~·---------------·--""'""'"'"~~, 
._ ... --.~ ... ~·X•"- ...... • 

Note; An application data sheet (PTO/SB!i4 or equivalent), :nc!wding namhlg the entire !nveiltive entity. mw$t accompa!lif this furm or m«st have 
been pr~wious!y flied. Use an additional PTO/A!Altli form for <S~ach :o<dditional immntor. 

Th!E co!:ectioo cf ;nforrr.at;cn IE mqwree by 35 U.S.C. i 15 am< :3? CfR i .63, Thi.s lf!ftlrma<;oll !S reqwroo w ~:.>tJ;am or reta1n a benefli by ~ile puh!1c wh;r,:t; 1s to fl!e (>.md 
by the USPTO ~o procesr:;) an appl:catimt Confiden~ia!ey !1:> go<mmed by ~5 U.KC. >22 r:;nc 87 CFR 1.11 8nd t. 14. This ro!!ecllcn i,. .-;&timated to take 1 minut0 !c 
~mpiete .. incltld!ng gat!leri:-.g, pmpar:r.g, anc Sl:bmitting ftJe completed app~ication fcrm to the USPTO. rime w;li •,;a;-y depem:ling l:pcr. the im:lividuai case. A.'ly 
comme:;t;; ont<Je .amcl:nt of time you reql.'ire to ccmpicle th;& furm ;;sndtor sugg0stioms fur redl.'cing fu!s burden. ;shou!d be se:"lt 1::> l:lle Chief infcrmaiior. Officer, U.S. 
P1.mmtaM Trademark Office, !J,S. ~partmomtofComnwrce, P.O. BO)( ~450, Alexandria, VA22<113-1450.00 NOT SEND FEES OR COMPLETED FORMS TO 
THlSAOORESS. SEND TO~ Comm!$S!on~r for Pat-!*'lm, P.O. Be:!!: 1450, Ai~x~ndrios, VA .2~3'13~1450. 

!t .'fOU need mssisrenca in completing t!Je form, cilti ·1-eoo-Pro-rnse aoo :rwieel r;;Kkm z. 
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~'1'0/.i>.IAiO 1 (G&-12) 
A:::·P~""~·v'ed tor !;Se thrcug~ O'V'3il2014. 0M8. 06S·l·OOSZ 

US. P~srej7Jl ~~mi Trs~derr::ark Ofnc~:~ U.S CEP.r\RTME.NT OF C0~'!1MERCE 
Uncle:- the Papi5f\\"O:"k HtH.1uct~cn Act cf ·l9·e5. no oerscns .~:;s ~~qutr.;s;r; tc· re$pond tc· a coHecti•:::.:~ of i~forrr.atio~ unless =t Q:sp~ays a vaHd 0&-~S coNro~ :}~:mber. 

DECLARATION (37 CFR 1 ,$3) FOR UTIUTY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1 . .76} 

Tmeof 
Invention 

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED tv1ETHODS 

This declaration 
is dit~;,~t~:d to 

[IJ 
The attached application, or 

14'~43 8•i5 
UnitE!d States application or PCT international app!k:a!ion number ....... ::~ ....... : ...... : ................. ·--~-

filed on November '17, 2014 

! believe that! am the original ;nventor or an original io;nt ;nventor of a claimed invention in the application. 

1 hereby acknowledge that any '.lvi!!hil false statement made in t~:is dedarahon is punishable under 18 US G. 1001 
by fine or imprisonment of not more than f;ve {5) years, or both. 

WARNING: 
Pe@oneriappHcant is {.:autior:ed to avo;d submitting personal information in documents filed in a patent appli~tion that may 
contribute to identity thefL Persons! ~nforma!ion such as social security numbers, bank account numbers. or credr! cartl ::umbers 
{other lhan a check or credit card ;~uttlt>ri<~ation f<iml PT0-2038 subm:tted for p;:tyment purp;)sm3) is never mquired by lhe USPTO 
to S~lPP<Wt a peti!ion or ar: application. lf this type of personal information is inci:..ided in documents submitted tc' ths USPTO. 
petitionersfapplicants should consider redacting such personal mformation from the documents before submittmg them to the 
USPTO. Pebtionerlapphc:ant is <~dvised that l:~1e fi.?.C:t3rrl <ll' a p<3tent ;~pp!ic:ation is av;~i!able to t~;e public alter pubiic:<3t:on nf the 
application {unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore. the record from an abandoned app!;cation may also be avai!ab!e to t!'le public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1. i 4). Chec..ks and cn:dit c..<~:·d author;zatiOn forn<s 
PT0-2038 submitted for payment purposes are nol retained in the application file ar:d therefore are not publicly avaiiable 

LEGAL. N,<\ME OF lNVENTm" 

Note: An appiic.ation dat~; :;heel (PTOJSB/'14 or eqt;ivc;!en!), ;m~uding naming !!10 en!ire lmlentiv0 enli!y, must accompany thl& form or mBs! have 
t-een p~evi-o<IS!y :fl~d, Use an .ad::Htlr,n.ai PT01AlAJ01 form for eacr: additiOnal i;wentot. 

This . .;;o:~~·:tlOn of Jrrforrn~t!On. :s :·equirf:)~ by -.35 U.S. C. 115 snc 'Z-7 c::::R 1:63. Yhe mt;Xrna~:cn fS: r:~auu~d K) obta~n of· rt:ts:~H1 3. :beneflt b>· the· pub;:c :.~<th:ch :5 t~· me u~r:a 
b;t 'tl~e us~: to k~ p:--~}o:..~:?s} ~n &~"!l:11:r~~~:..x~ Co~fiden~:~H~y ~~~ g~o:~ve:~nao by ~S5 U.S.(~. 12.2 -2nd ~~~ CFR. i .1 ·: a~!d 1. :4. l~1i,s cclle(;t;fJf) is ez.timat~:..i to take·: rn:rmte :.o 
f::)mp-1-et!.$. lnctuo;;t~g g&the:ing, pr:ep:s:ing, af!d S:J~"nittlng ~he ccmr-<{etec: app:::c&tk;n f(f:m t·~ t:--j~ USPrO. T:rne w:ll v.;sry ~eperldlngu~~)f'! the i·r:Qlv!dua: ca~e. Any 
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GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

As the below named Inventor, I hereby declare that 

This declaration 0 
is directed to: The attached application, or 

[II United States application or PCT international application number 14/543,815 

filed on November 17, 2014 
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contribute to identity theft Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PT0·2038 submitted for payment purposes) is never required by the USPTO 
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(54) Cardiac support device 

(57) An apparatus for pumping blood includes an 
elongated housing dimensioned to be at least partially 
positioned within the heart of a patient, a rotating mem­
ber supported for rotational movement within the elon­
gated housing and a drive mechanism for imparting 
rotational movement to the rotating member. The elon­
gated housing includes an outer wall, a first inlet port for 
permitting blood to enter the elongated housing through 
a first end of the elongated housing and a second inlet 
port defined in the outer wall of the elongated housing 
for permitting blood to enter through the outer wall. The 
rotating member is rotatable to impart pumping energy 
to the blood entering through the first and second inlet 
ports to direct the blood through an outlet opening of the 

~/£5_3 
38 

(51) Int. Cl.6 : A61 M 1/12 

(72) Inventors: 
• Jarvik, Robert 

New York, NY 1 0023 (US) 
• Alesi, Daniel E. 

Sherman, CT 06784 (US) 

(74) Representative: Marsh, Roy David et al 
Hoffmann Eitle & Partner 
Patent- und Rechtsanwalte 
Arabellastrasse 4 
81925 MOnchen (DE) 

elongated housing. The rotating member preferably 
includes first and second blood pumping blade arrange­
ments. The first blade arrangement is dimensioned to 
impart pump energy to the blood entering the elongated 
housing through the first inlet port. The second blade 
arrangement is dimensioned to at least impart pump 
energy to the blood entering the elongated housing 
through the second inlet port. The electric motor stator 
and rotor define a space therebetween through which 
blood entering the first inlet passes. The motor is an 
ironless core copper electromagnetic windings which 
provides a sufficiently large air space for blood flow. 

Printed by Rank Xerox (UK) Business Services 
2.13.1713.4 
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EP 0 764 448 A2 2 

Description 

BACKGROUND 

1 . Field of the Disclosure 

The present disclosure relates generally to cardiac 
support devices, and, more particularly, to a cannula 
pump which is implantable in the heart. 

2. Description of the Relevant Art 

Mechanical blood pumps are commonly utilized to 
temporarily support or substitute the pumping function 
of the heart during heart surgery or during periods of 
heart failure. The most widely applied blood pumps 
include roller pumps and centrifugal pumps. Typically, 
these pumps are a component of a cardiopulmonary 
bypass system (e.g., a heart-lung machine) which 
includes an oxygenator, a heat exchanger, blood reser­
voirs and filters, and tubing which transports the blood 
from the patient through the bypass system and back to 
the patient. With these systems, blood is withdrawn 
from the patient via an uptake cannula positioned within 
the vena cavae and atria or ventricles of the heart, 
transported through the bypass system located outside 
the patient's body, and pumped back into the pulmonary 
artery and aorta via a return cannula. 

Although these cardiopulmonary bypass systems 
have been generally effective, they are subject to cer­
tain disadvantages. In particular, these bypass systems 
are relatively complicated and expensive to manufac­
ture, expose the blood to a high surface area of foreign 
materials which ultimately damages the blood, require 

5 

SUMMARY 

The present disclosure relates to an apparatus for 
pumping blood comprising an elongated housing 
dimensioned to be at least partially positioned within the 
heart of a patient, a rotating member supported for rota­
tional movement within the elongated housing and a 
drive mechanism for imparting rotational movement to 
the rotating member. The elongated housing includes 

10 an outer wall, at least a first inlet port for permitting 
blood to enter the elongated housing through a first end 
of the elongated housing and at least a second inlet port 
defined in the outer wall of the elongated housing for 
permitting blood to enter through the outer wall. The 

15 rotating member is rotatable to impart pumping energy 
to the blood entering through the first and second inlet 
ports to direct the blood through an outlet opening of the 
elongated housing. 

The rotating member preferably includes first and 
20 second blood pumping blade arrangements (although 

one blade arrangement is also contemplated). The first 
blade arrangement is dimensioned to impart pump 
energy to the blood entering the elongated housing 
through the first inlet port. The second blade arrange-

25 ment is dimensioned to impart pump energy to the 
blood entering the elongated housing through the sec­
ond inlet port as well as the first inlet port. 

The drive mechanism of the apparatus may be 
enclosed within the elongated housing. The drive mech-

30 anism preferably includes an electric motor incorporat­
ing a magnetically actuated rotor and a motor stator 
where the rotor is embedded within the rotatable mem­
ber. The motor stator and the rotatable member define 

full anticoagulation, and require considerable set up 35 

time and continual management by a skilled technician 
(perfusionist), which also adds to the expense of the 
procedure. 

an annular space therebetween through which blood 
entering the first inlet passes and is acted upon by the 
first blade arrangement. 

A method for supporting all or part of the pumping 
function of a heart by endoscopically inserting the appa­
ratus is also disclosed. PCT WO 94/09835 to Robert Jarvik discloses a 

cannula pump for temporary cardiac support. The Jar- 40 

vik cannula pump includes an elongated cannula hous-
ing having a miniature rotary pump disposed therein 

BRIEF DESCRIPTION OF THE DRAWINGS 

and an electric motor which drives the rotary pump via a 
small shaft. The rotary pump is mounted for rotational 
movement about blood-immersed mechanical bearings. 
The cannula pump is inserted into one of the ventricles 

Preferred embodiments of the disclosure are 
described hereinbelow with reference to the drawings 

45 wherein: 

of the heart through a small incision. In one embodi­
ment, the electric motor is miniaturized to be positioned 
within the heart. 

Although the Jarvik cannula pump has shown great 50 

potential as a device to supplement or replace the total 
pumping function of the heart during, e.g., bypass sur­
gery, the present disclosure is directed to further 
improvements of the Jarvik cannula pump whereby the 
pumping capacity is improved by, for example, the provi- 55 

sion of two pumping sections and where concerns 
regarding sealing between the stationary and moving 
parts are essentially eliminated by directing the blood 
flow through the sealed electric motor. 

2 

FIG. 1 is a perspective view of the cardiac support 
device in accordance with the principles of the 
present disclosure; 

FIG. 2 is a cross-sectional view of the cardiac sup­
port device taken along lines 2-2 of FIG. 1; 

FIG. 3 is a side plan view of the cardiac support 
device in partial cross-section illustrating one 
embodiment of the configuration of the impeller 
blades of the rotating member (with the flexible can­
nula removed); 
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FIG. 4 is a cross-sectional view of the cardiac sup­
port device taken along lines 4-4 of FIG. 2; 

FIG. 5 is a cross-sectional view of the cardiac sup-

FIG. 15 is a side plan view in partial cross-section 
of an alternate embodiment of the cardiac support 
device of FIG. 1 ; and 

port device taken along lines 5-5 of FIG. 2; 5 FIG. 16 is a cross-sectional view of the cardiac sup­
port device of FIG. 15 taken along lines 16-16. 

FIG. 6 is a cross-sectional view of the cardiac sup­
port device taken along lines 6-6 of FIG. 2; 

FIG. 7 is a perspective view of the impeller blade 
structure of the cardiac support device of FIG. 2; 

FIG. 8 is a perspective view of an alternate impeller 
blade structure; 

FIG. 9 is a perspective view of another alternate 
impeller blade structure; 

FIG. 1 OA is an axial cross-sectional view of the 

10 

15 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTCSl 

Referring now in detail to the drawings wherein like 
reference numerals identify similar or like components 
throughout the several views, FIGS. 1-2 illustrate a pre­
ferred embodiment of the cardiac support device or can-
nula heart pump in accordance with the principles of the 
present disclosure. Support device 1 0 may be used to 
supplement or totally replace the pumping function of 
the heart during cardiac surgery, during temporary peri-

motor unit of the cardiac support device with the 20 

impeller blades removed to illustrate the cross-sec­
tional area of the motor air gap provided with a 
motor unit having an iron core; 

ods of heart failure and during medical emergencies 
involving severe heart failure. Support device 1 0 is 
advantageously dimensioned to be positioned within 
either the left or right ventricle of a patient's heart and 
preferably has a length ranging from about 2 to about 3 
inches and a diameter ranging from about 9 to 12 mil­
limeters, and is more preferably 2 inches in length with 
a diameter of 10 mm. Flexible cannula 11, only a portion 

FIG. 1 OB is a view similar to the view of FIG. 1 OA 25 

illustrating the relatively enlarged cross-sectional 
area of the motor air gap as provided through the 
incorporation of an ironless core motor unit; 

of which is illustrated in Fig. 1, is placed over support 
device 10, and preferably has a length of 1-4 inches and 
substantially the same diameter as the device 1 0. 

FIG. 1 OC is a view similar to the view of FIG. 1 OB 30 Support device 10 includes generally cylindrically­
shaped cannula housing 12 having an elongated open­
ing or axial bore 13 and a rotating member 14 coaxially 
mounted within the bore 13. Cannula housing 12 has 
three component parts or sections integrally connected 

illustrating an alternate embodiment of the ironless 
core motor unit where the diameter of the rotor is 
reduced to further increase the cross-sectional 
area of the motor air gap; 

FIG. 11 is a schematic drawing of the heart illustrat­
ing a first cardiac support device inserted through 
the apex of the left ventricle with the out-flow across 
the aortic valve into the aorta and a second cardiac 

35 to each other by conventional means to form a single 
cannula unit. The sections include first or inlet section 
16, second or intermediate section 18 and third or exit 
section 20. 

support device inserted across the apex of the right 40 

ventricle with the outflow across the pulmonic valve 

Inlet section 16 includes a central hub 22, and a 
plurality of spokes 26 (e.g., four) extending contiguously 
from the cylindrical portion 24 interconnecting central 
hub 22 and cylindrical portion 24. Central hub 22 
houses stationary bearing pin 28 which supports the 
proximal end of rotating member 14. A plurality of axial 

into the pulmonary artery; 

FIG. 12 is a view illustrating an alternate method for 
applying the cardiac support device where endo­
scopic techniques are incorporated, illustrating a 
first endoscopic portal for delivering the device and 
a second endoscopic portal for permitting the intro­
duction of an endoscopic viewing apparatus; 

FIG. 13 is a view illustrating the cardiac support 
device introduced through the endoscopic portal to 
be positioned within the apex of the heart; 

FIG. 14 illustrates an alternate method for applying 
the cardiac support device utilizing endoscopic 
techniques where the aorta is accessed and the 
cardiac support device is inserted within the aorta 
for positioning within the heart; 

45 openings 30 (FIG. 1) defined between adjacent spokes 
26 form blood inlet ports to permit the axial inflow of 
blood into cannula housing 12 as will be discussed 
below. 

50 

Referring now to FIGS. 2-3, in conjunction with the 
axial cross-sectional view of FIG. 4, intermediate sec­
tion 18 of cannula housing 12 accommodates the drive 
mechanism or electric motor unit of the device 10 and 
includes an outer tube 32 and an inner tube 34 coaxially 
mounted within the outer tube 32. Outer tube 32 and 

55 inner tube 34 define a generally annular space therebe­
tween which accommodates and effectively seals the 
electromagnetic wire windings 36 of the motor unit. In a 
preferred embodiment, electromagnetic wire windings 
36 are fabricated from copper and the motor is an iron-

3 
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less core design for reasons which will be discussed 
below. Electromagnetic windings 36 are in electrical 
contact with a plurality of electrical wires 38 which sup-

be a single component. Rotor section 64 has a built-in 
high energy bar or motor magnet 68 which cooperates 
with the magnetic fields produced by electromagnetic 

ply the electric current necessary to generate the elec­
tromagnetic fields required to rotate rotating member 5 

14. Electrical wires 38 are embedded within spokes 26 

windings 36 to effectuate rotational movement of rotat­
ing member 14. The preferred materials of fabrication 
for rotor magnet 68 includes samarium-cobalt, neodym-

of housing 12 and ex1end from the spokes 26 to an elec-
tric source located outside the body. 

ium-iron-boron, or any other suitable magnetizable 
material. 

Referring now to FIGS. 1-3, in conjunction with the 
axial cross-sectional view of FIG. 5, third section 20 of 10 

cannula housing 14 defines the pump chamber or pump 
housing of device 1 0 and has a plurality of elongated 
axial slots 40 formed in its outer surface at a location 
adjacent second section 18. Although four axial slots 40 

Referring still to FIGS. 2-3, rotating member 14 has 
a first or proximal set of blades 70 on rotor section 64 
and a second or distal set of blades 72 on impeller sec­
tion 66. In one embodiment shown in FIGS. 2, 3, and 7, 
each set of blades 70, 72 includes two diametrically 
opposed blades which provide for an axial flow type 
pumping action on the blood. In FIG. 7, only the impeller 
section 66 of rotating member 14 is shown since the 

are shown, a different number of slots as well as slots of 15 

different configurations are also contemplated. Axial 
slots 40 are preferably equidistantly spaced and serve blades 70 on rotor section 64 are identical. The blades 

70, 72 preferably wrap about the perimeter of rotating 
member 14 for a distance between about 1/4-3/4 of the 

as side inlet ports to permit the entry of blood through 
the side of cannula housing 12 and into exit section 20. 
Exit section 20 also includes a pump stator housing 42 20 

possessing central hub 44 and pump stator blades 46 
integrally connected to the central hub 44 and the outer 

circumference of rotating member 14. Other blade 
arrangements are possible as well, particularly that of 
only a single blade configuration placed either at the 
rotor section 64 or impeller section 66. In particular, 
depending on the pumping parameters desired, the 

wall of the exit section as shown in FIG. 6. Central hub 
44 possesses stationary bearing pin 48 (FIG. 2) which 
is fixedly secured to the central hub 44 and serves to 
rotatably support the distal end of rotatable member 14. 
Exit section 20 also defines an axial opening or outlet 
port 50 to permit the pumped blood which entered 
through side ports 40 as well through openings 30 to 
exit cannula housing 12. 

Flexible cannula 11 is preferably in the form of a 
tube placed over device 10 at the distal end to carry the 
pumped blood further in the artery. The cannula 11 pref­
erably has a soft tip to avoid damage to the valve during 
insertion of the pump. The cannula optionally termi­
nates in a solid hub and a plurality of spaced apart 
spokes similar to inlet section 16. It is preferably friction-
ally fit over device 10 although other modes of attach­
ment are also contemplated. 

Referring now to FIGS. 2-3, the motor unit of can­
nula pump 10 will be described. Rotating member 14 is 
supported for rotational movement within cannula hous-
ing 12 at one end by rotatable journal bearing 52 which 

25 blade structure could be modified to provide a mixed 
flow (i.e., a blood flow having both an axial component 
and a centrifugal component). In addition, the number of 
blades in first and second sets of blades 70, 72 could be 
increased to three, for example, as shown in FIG. 8 or 

30 reduced to one single blade as shown in FIG. 9 to regu­
late the flow rate and back pressure of blood pumped by 
the cardiac support device. The direction of rotation and 
direction of blood flow is indicated by the arrows in 
FIGS. 7-9. Although shown as identical, it is also con-

35 templated that the blade design for the rotor section 64 
and the impeller section 66 could be different. The flow 
rate, typically referenced in liters/minute, is measured 
by the product of the velocity and cross-sectional area 
divided by the time. The velocity is measured as: 

40 meters/second. 

is mounted about stationary bearing pin 28 and at the 
other end by rotatable journal bearing 54 which is 45 

mounted about stationary bearing pin 48. Journal bear-

In operation, the proximal set of blades 70 impart a 
pumping action to the blood entering into cannula hous­
ing 12 through axial inlet ports 30 and passing through 
the annular motor gap, referred to as the air gap, 
defined between rotor section 64 and inner tube 34 of 
cannula housing 12. The distal set of blades 72 impart 

ings 52, 54 are fixedly secured within respective 
recesses 56, 58 formed in rotating member 14 and, 
thus, rotate with rotating member 14 about their respec­
tive stationary bearing pins 26, 48. Journal bearings 52, 
54 are intended to absorb the thrust loads exerted by 
the action of rotating member 14 against the blood and 
are fabricated from a suitable material for this purpose 
such as ceramic or pyrolitic carbon. 

Rotating member 14 has two sections, namely, 
rotor section 64 and impeller section 66. Rotor section 
64 and impeller section 66 may be two separate compo­
nents bonded to each other along adjacent end sur­
faces. as shown in the FIGS .• or. in the alternative. may 

mechanical energy to the blood entering cannula hous­
ing 12 through side inlet ports 40 and blood exiting the 
motor air gap and pumped by proximal blades 70. Thus, 

50 blood entering cannula housing 14 through axial inlet 
ports 30 initially passes over the proximal set of blades 
70 within the motor chamber and then over the distal set 
of blades 72 within the pump chamber. Blood entering 
side inlet ports 42 passes over only the distal set of 

55 blades 72. 

4 

In a preferred embodiment, the volume of blood 
flow entering axial inlet ports 30 and passing through 
the motor air gap constitutes approximately 1/4- 113 of 
the total volume pumped (e.g., approximately 1-2 lit-
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ers/min. out of total pump flow of 4-6 liters/min.) by 
device 1D. The remaining blood flow enters side inlet 
ports 4D of cannula housing 12 to be directed over and 
acted upon by blades 72. Clearly other volume ratios of 
blood entry through the axial and side ports are contem- 5 

plated. 

Although the volume of blood flowing through the 
motor chamber in the preferred embodiment accounts 

seen by comparing FIGS. 10A and 10B, the ironless 
core copper windings 36 of the embodiment of FIG. 1 DB 
occupy a significantly smaller cross-sectional area than 
that occupied by the conventional windings of FIG. 1 DA. 

Thus, as can be seen, the motor unit incorporating 
ironless core copper windings defines a motor air gap 
(space) with a greater total cross-sectional area to 
thereby accommodate a greater volume of blood and 
improve the pumping capabilities of the support device. for only 1/4-1/3 of the total volume pumped by cardiac 

support device 1D, this is a relatively significant amount 
of blood to pass through the motor air gap. The capabil­
ity to accommodate a relatively large volume of blood 
through the motor air gap is attributed to the use of an 
ironless core copper electromagnetic windings 36 as 
opposed to employing copper windings supported by an 
iron core. The motor is a brushless motor to avoid 
mechanical failure of the brushes, e.g. arcing or wearing 

10 As also depicted in the drawings, since the ironless core 
copper electromagnetic windings 36 (FIG. 1 DB) occupy 
a smaller area, a larger diameter rotor section or rotor 
64 can be employed while maintaining the same dis­
tance "d" of the motor air gap, thus, further increasing 

15 the pumping capabilities of the device 10. 

out, and to enable performance feedback, for better 
controlling the operation of the motor. Thus, the iron less 
core copper electromagnetic windings 36 occupy a sig- 20 

nificantly smaller cross-sectional area in the motor unit 
then a conventional iron core electromagnet winding, 
thereby increasing the total cross-sectional area of the 
motor air gap, i.e., the area defined between rotor sec-
tion 64 and inner tube 34 of housing 12. As a result of 25 

this enlarged area of the air gap as provided through the 
incorporation of an ironless core copper electromag­
netic windings 36, the following benefits are realized: 1) 
the motor unit can accommodate a greater volume of 
blood flow; 2) damage to the blood flowing through the 30 

motor is minimized since shearing of the blood with sur­
faces of the support device 10 is reduced; 3) a larger 
diameter rotor or rotor section 64 can be utilized which 
results in an increased cross-sectional area and an 
increase in blood flow; 4) sealing concerns of the motor 35 

and the moving components is essentially eliminated 
due to the aforementioned increase in the rate of blood 
flow through the device 1 0 and the motor air gap, which 
prevents blood from clotting within the motor without the 
need for dilution of the blood with saline or other fluids; 40 

5) the blood constantly flows past the motor thereby 
eliminating any stagnation points which could result in 
blood clotting; and 6) the constant blood flow dissipates 
heat generated by the motor which could otherwise 
damage the blood. 45 

By way of example, a working embodiment of the 
motor unit of FIG. 1 OA has a rotor section 64 with a 
diameter of . 165 inches and a motor air gap distance "d" 
of 0.025 inches. That is, the area A 1 of the air gap in 
Fig. 1 OA is defined by; 

A 1 = 
1 r1 2 

-
1 
r2 

2 
, where r1 is the distance from 

the center of the motor to the inner wall of the inner 
tube 34; and r2 is the distance from the center of 
the motor to the outer wall of the rotor magnet 68. 

By way of example, in a working embodiment of the 
motor unit of FIG. 10B incorporating copper windings 
36, the diameter of rotor section 64 is .230 inches and 
the distance "d" of the motor air gap is identical to that 
of the motor unit of FIG. 10A, i.e., .025 inches. 

The area A2 of the air gap in Fig. 1 OBis defined by; 

A2 = 
1 r3 2 

-
1 r4 2 

, where r3 is the distance from 
the center of the motor to the inner wall of the inner 
tube 34; and r4 is the distance from the center of 
the motor to the outer wall of the rotor magnet 68. 

To show by way of example the increased cross­
sectional area of air gap Fig. 1 OB utilizing e.g. ironless 
core copper windings compared to Fig. 1 OA utilizing 
windings with an iron core; if r1 = .145 inches and r2 = 
.115 inches, the air gap area A 1 would be .030 inches 
and the cross-sectional area of the air gap would be 
.D175 in2. If, for comparative purposes, r3 = .1D8 inches, 
and r4 = .078 inches, the air gap A2 would be .030 
inches and the cross-sectional area would be .025 in2 . 

Thus by keeping the overall diameter of the motor unit 
constant, e.g. at .402 inches, cross-sectional area of the 

50 air gap is increased by approximately 40%. 

FIG. 1 DA is an axial cross-sectional view of the 
motor unit of the support device 1 D with the first set of 
blades 7D of the motor section removed for illustrative 
purposes. In FIG. 1 DA, the motor unit is shown incorpo­
rating an iron core with conventional electromagnetic 
windings 36. FIG. 1 DB is a view similar to the view of 
FIG. 1 DA and illustrates the motor unit incorporating 
ironless core copper electromagnetic windings 36 in 
accordance with the preferred embodiment of the 
present disclosure. In both FIGS. 1DA and 1DB, the 55 

electromagnetic forces produced by the respective 
windings are comparable and the distance between 
rotor section 64 and inner tube 34, i.e., the distance "d" 
of the motor air gap, is identical. However, as can be 

5 

FIG. 1 OC depicts an alternate configuration of the 
motor unit of FIG. 10B. In this embodiment, the diame­
ter of rotor section 64 is reduced to even further 
increase the cross-sectional area of the air gap between 
the motor stator and rotor section 64. Although in this 
embodiment the magnetic field as generated by ironless 
core copper electromagnetic windings 36 is further from 
rotor magnet 68 of rotor section 64, the magnetic flux 
losses would be compensated by the longer moment 
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arm as provided by the relatively long diameter of the 
rotor section 64 as compared to the diameter of the 
rotor for the stainless steel or iron core stator of FIG. 
1 OA. Thus, the motor unit of FIG. 1 OC can accommo­
date an even larger volume of blood. By way of exam- 5 

pie, a working embodiment of the motor unit of FIG. 1 OC 
utilizes a rotor having a radius of .1 05 inches and pro­
vides a distance "d" of the motor air gap of .040 inches. 
The total cross-sectional area of the motor air gap is 
approximately .031 inches Cr52 - 1r62). This represents 10 

an increase in cross-sectional area of approximately 
80% over that of the iron core motor stator of FIG. 10A. 

Referring now to FIG. 11, a generally schematic 
view of the heart showing two devices 10 of the present 
disclosure inserted for support of both the left heart 15 

function and the right heart function is illustrated. It 
should be understood that in the alternative, only one 
support device can be used to support either the left or 
the right heart function. In the illustrated embodiment, 
the left ventricle, generally indicated at A, contains one 20 

device 10 and the right ventricle, indicated at B. con­
tains another device 10. The outflow portions of the sup-
port devices 1 0 deliver blood respectively from the left 
ventricle A into the aorta C. and from the right ventricle 
B into the pulmonary artery D. As previously described, 25 

the blood enters through axial ports 30 and side ports 
40 as indicated by the directional arrows 25, 27 and is 
emitted through the outflow opening 50 as shown. Thus, 
the support devices 1 0 intake blood from both ventricles 
A, B and pump the blood into the two main arteries C. D. 30 

Since the entire volume of blood within the support 
device 10 remains within the ventricles or arteries, it is 
appropriate to consider that the priming blood volume of 
this pump is essentially zero. That is, no blood need be 
withdrawn from the cardiovascular system to fill the 35 

pump and tubing circuit with this embodiment. 
Each device 10 is respectively inserted through a 

small incision in the apex of either ventricle and may be 
held there by a purse-string suture (not shown). Since in 
this embodiment the devices 1 0 are inserted when the 40 

patient's open chest is open and the heart is exposed, 
the surgeon can readily feel the heart and easily ascer-
tain that the tip of the flexible cannula 11 has passed 
across the proper valve, i.e., the aortic valve or pulmo­
nary artery valve, and into the aorta or pulmonary artery 45 

as desired, rather than across an inflow valve and into 
the left atrium or right atrium, which would be improper. 
The anatomy of the heart makes proper placement rel­
atively simple and direct path from the apex to the aorta 
and to the pulmonary artery. With support devices 10 50 

inserted in the fashion shown in Figure 11, the outflow 
valve, that is the aortic valve or pulmonary valve, is able 

the entire support device 10 can be positioned within 
the heart. 

Referring now to FIGS. 12-13, there is illustrated an 
alternate method for positioning support device 10 
within the patient's heart. In accordance with this 
method, support device 10 is inserted utilizing endo­
scopic (thoracocospic) surgical techniques. In endo­
scopic procedures, surgery is performed in the body 
through narrow endoscopic tubes or portals inserted 
through small entrance wounds in the skin. Endoscopic 
procedures, by being less invasive, have the advantage 
of reducing the patient's recovery time and thereby 
reducing costs. 

In accordance with the endoscopic method, an 
endoscopic tube or portal 80 is positioned within the 
patient's chest cavity to access the heart area as 
shown. The endoscopic tube 80 may be positioned 
proximal to the abdominal cavity and within adjacent 
ribs to access the open area of the heart. In this appli­
cation, the endoscopic portal 80 would be in an offset 
position as shown in FIG. 12 to avoid the sternum bone. 
Typically, at least a second endoscopic portal 82 would 
be positioned within the chest cavity to permit the inser­
tion of an endoscope to view the procedure being per­
formed. It is also envisioned that additional endoscopic 
portals may be utilized to permit the introduction of 
endoscopic surgical instrumentation into the chest cav­
ity to assist the surgeon in accessing the heart and posi­
tioning the support device 10 within the heart. Further, 
another endoscopic tube 84 would be utilized if two sup­
port devices 1 0. one for each side of the heart, are to be 
used. A cuff 86 may also be utilized to restrict blood flow 
when the support device 10 is inserted. Cuff 86 has a 
flexible tube portion 87 configured to receive the sup­
port device 1 0 and a flange 88 which is attached to the 
apex by glue, staples or other fastening means. The 
endoscopic portal 80 is inserted through cuff 86 to pro­
vide an access port for the support device 10. The sup­
port device 1 0 is inserted through the port 80 and cuff 
86. A similar cuff can be utilized in conjunction with 
endoscopic portal 84 if a second support device 10 is 
utilized. 

With the endoscopic portals and instrumentation 
appropriately placed, the support device 10 is inserted 
through endoscopic portal 80 to a position adjacent the 
apex of the heart as shown in FIG. 13. The heart is 
accessed by, e.g., making an incision in the heart wall 
by an appropriate incising instrument inserted through 
an endoscopic tube, and the support device 1 0 is 
placed within the ventricle of the heart. The support 
device 10 is preferably positioned within the heart as 
illustrated in FIG. 11 whereby the outlet port 50 of the 
support device 10 is adjacent the corresponding artery. 
The support device 1 0 may be secured in place with the 

to close around the outside of the flexible cannula 11 
thereby permitting a sufficient seal to prevent major 
leakage back from the artery into the respective ventri­
cle A.B. Thus, support devices 10 may be applied and 
sealed by the aortic or pulmonary valves thereby leav-
ing the valves undamaged. 

55 use of purse string stitches or the like as mentioned 
above. If two pumps are to be inserted, one in each ven­
tricle, an access port for each device 1 0 would be 
required. 

It is also to be appreciated that in the alternative, FIG. 14 illustrates another endoscopic method for 

6 
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applying the cardiac support device 10. In accordance 
with this method, an endoscopic portal 80 is positioned 
to access the aorta C. Preferably, the portal 80 is posi­
tioned under the clavicle between the first and second 

impeller section 124 each includes only one blade 
member, i.e., rotor blade 130 and impeller blade 132. As 
best shown in the cross-sectional view of FIG. 16, rotor 

ribs. Thereafter, the device 10 is inserted within the por- 5 

tal 80 and advanced to the aorta C. A cuff such as that 

blade 130 extends about rotating member 120 for a dis­
tance of about 1/3 or less of the circumference of the 
rotating member 120. Impeller blade 132 extends about 

described above could be utilized and attached to the 
aorta to contain the blood. The support device 10 is 
inserted within the aorta through, for example, an inci­
sion formed in the outer wall of the aorta by an incising 
instrument inserted through an endoscopic port and 
maneuvered down into the left ventricle through the 
aorta C to any of the positions shown in FIG. 11. The 
device 10 is oriented within portal 80 such that the rear 
end of the device 10, i.e., the end having the motor unit, 
exits the portal 80 first and is dropped down into the left 
ventricle. In this manner, the outlet port 50 is adjacent 

rotating member 120 for a distance of about 2/3 or more 
of the circumference of the rotating member 120. Rotor 
blade 130 can possess this relatively small dimension 

10 since the volume of blood pumped by this blade 130 is 
small compared to the total volume pumped by device 
10 (i.e., 1-2 liters/min. of 4-61iters/min.). The two blades 
130, 132 are preferably disposed substantially opposite 
each other or diametrically opposed on their respective 

15 sections 122, 124 of rotating member 114 so as to min­
imize the radial imbalance of the rotating member 114. 
Other blade configuration are envisioned as well includ­
ing the blade configurations of FIGS. 7-9. the aorta Cas shown in FIG. 11. It could alternatively be 

inserted into the left subclavian artery. It is also envi­
sioned that the pulmonary artery could be accessed 20 

and the device 10 maneuvered into the right ventricle B 

Blood entering cannula housing 102 through axial 
inlet ports 30 defined between adjacent spokes 26 of 
cannula housing 102 passes through the motor air gap 
defined between inner tube 34 and rotor section 122 of 
rotating member 114 where the blood is acted upon by 
single rotor blade 130. The blood is then directed 

in a similar manner. 

Referring now to FIG. 15, an alternate embodiment 
of the cardiac support device of the present disclosure 
is illustrated. Cardiac support device 100 includes can­
nula housing 1 02 having motor section 104 and pump 
section 106. Motor section 104 defines a tapered por-

25 through the interior of tapered portion 1 08 within an 
annular space defined between rotating drive shaft 126 
and the inner wall of the tapered portion 108 and 
released through an exit opening of the tapered portion 
into pump section 106 of cannula housing 1 02. Impeller 

tion 1 08 of reduced cross-section at one end which is 
connected to the impeller section 106 by support pins 
110. Support pins 110 are preferably embedded within 
each section 104, 106 to fixedly connect the two compo­
nents. A plurality of inlet ports 112 are defined about 
tapered portion 108 of motor section 104 between adja­
cent support pins 11 0 to permit the direct entry of blood 
within impeller section 106 of cannula housing 102. Inlet 35 

ports 112 are generally axially disposed openings and, 
thus, provide an axial path for blood to enter cannula 
housing 102 at this intermediate location. Pump section 

30 blade 126 imparts mechanical energy to the blood and 
directs the blood over stator blades 126 through the lon­
gitudinal opening of cannula portion 134. 

Blood entering directly through inlet ports 112 is 
acted upon by impeller blade 132 of impeller section 
124 and pumped through cannula portion 134. Since 
inlet ports 112 are generally axial openings, the blood 
entering the ports 112 takes a direct axial path into can­
nula housing 102 coincident with the path the blood 
takes through pump section 106 across impeller blade 1 06 possesses pump stator housing 114 having central 

hub 116 and pump stator blades 118. 
Rotating member 120 of device 10 includes rotor 

section 122 and impeller section 124 connected to the 
rotor section 122 by rotating drive shaft 126. Drive shaft 
126 is securely connected to each section 122, 124 thus 
providing for corresponding rotational movement of the 
two components. Rotor section 122 includes rotor mag­
net 128 (as shown in phantom) and rotor blade 130 
(also shown in phantom). Impeller section 124 includes 
impeller blade 132. Rotating member 120 is supported 
for rotational movement in a manner similar to that 
described in connection with the embodiment of FIG. 1. 

An elongated cannula portion 134 is connected to 
pump section 1 04 of device 100 and extends beyond 
pump stator housing 114. Elongated cannula portion 
134 is typically at least partially positioned within a 
respective artery associated with either the left or right 
ventricles to ensure the outlet opening of cannula hous-
ing 102 is disposed within the artery. 

As previously described, rotor section 122 and 

40 132, thus, enhancing the pumping capabilities of sup­
port device 100. This device 100 can be inserted into 
the heart in similar ways as the device 10 discussed 
above. 

The support devices of FIGS. 1 and 15 can be fab-
45 ricated utilizing primarily injection-molded, polymeric 

materials permitting low cost and disposability of the 
cannula housings and pumps themselves. The electric 
motors may be provided in a reusable configuration or 
may be made very inexpensive to make it economically 

50 feasible to dispose of the motors after use. 
While the above description contains many specif­

ics, these specifics should not be construed as limita­
tions, on the scope, but merely as an exemplification of 
a preferred embodiment thereof. For example, the blade 

55 arrangement of the embodiment of FIG. 15 can be 
incorporated in the embodiment of FIG. 1. Those skilled 
in the art will envision other possible variations that are 
within the scope and spirit of the claims appended 
hereto. 

7 
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Claims 

1. An apparatus for pumping blood, which comprises: 

a) an elongated housing dimensioned to be at 5 

least partially positioned within the heart of a 
patient, the elongated housing including an 
outer wall, a first inlet port for permitting blood 
to enter the elongated housing through a first 
end of the elongated housing and a second 10 

inlet port defined in the outer wall of the elon­
gated housing for permitting blood to enter 
through the outer wall; 

b) a rotating member supported for rotational 15 

movement within the elongated housing and 
rotatable to impart pumping energy to the blood 
entering through the first and second inlet ports 
to direct the blood through an outlet opening of 
the elongated housing; and 20 

c) a drive mechanism for imparting rotational 
movement to the rotating member. 

2. The apparatus according to claim 1 wherein the first 25 

end of the elongated housing is open and wherein 
the first inlet port is the first end. 

3. The apparatus according to any of the preceding 
claims including a plurality of second inlet ports 30 

defined in the outer wall of the cannula housing and 
the first and second inlet ports are axially displaced 
relative to each other. 

4. The apparatus according to any of the preceding 35 

claims wherein the rotating member includes first 
and second blood pumping blade arrangements, 
the first blade arrangement dimensioned to impart 
pump energy to the blood entering the elongated 
housing through the first inlet port, the second 40 

blade arrangement dimensioned to at least impart 
pump energy to the blood entering the elongated 
housing through the second inlet port. 

5. The apparatus according to any of the preceding 45 

claims wherein the first and second blade arrange­
ments each include at least one blade mounted to 
the rotatable member and wherein the first blade 
arrangement includes a first blade which extends 
about 1/3 the distance of the periphery of the rotat- 50 

ing member and wherein the second blade 
arrangement includes a second blade which 
extends about 2/3 the distance of the periphery of 
the rotating member, the positions of the first and 
second blade being substantially opposite one 55 

another so as to minimize radial imbalance of the 
rotating member. 

6. The apparatus according to any of the preceding 

8 

claims wherein the drive mechanism is enclosed 
within the cannula housing and wherein the drive 
mechanism includes an electric motor, the electric 
motor including a magnetically actuated rotor and a 
motor stator. 

7. The apparatus according to any of the preceding 
claims wherein the rotor of the electric motor is 
embedded within the rotatable member. 

8. The apparatus according to any of the preceding 
claims wherein the rotatable member and the motor 
stator define an annular space therebetween 
through which blood entering the first inlet passes. 

9. The apparatus according to any of the preceding 
claims wherein the motor stator includes ironless 
core copper electromagnetic windings. 

10. An apparatus for pumping blood, which comprises: 

a) an elongated housing defining a generally 
longitudinal axis and having at least one open­
ing at a first location to permit blood to enter the 
elongated housing at the first location and at 
least one opening at a second location axially 
displaced from the first location to permit blood 
to enter the elongated housing at the second 
location; 

b) a rotating member supported for rotational 
movement within the elongated housing, the 
rotating member including first and second 
blood pumping blade arrangements, the first 
blade arrangement imparting pump energy to 
the blood entering the elongated housing 
through the at least one opening at the first 
location and the second blade arrangement 
imparting pump energy to at least the blood 
entering the elongated housing through the 
one at least opening at the second location; 
and 

c) a drive mechanism disposed within the elon­
gated housing for imparting rotational move­
ment to the rotating member. 

11. The apparatus according to claim 10 wherein the 
one opening at the first axial location is an open end 
of the elongated housing and the first and second 
blade arrangements are substantially identical in 
configuration. 

12. An apparatus for pumping blood, which comprises: 

an elongated housing member including a 
motor chamber and a pump chamber, the 
housing member having at least a first opening 
to permit blood to enter the motor chamber and 
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at least a second opening to permit blood to 
enter the pump chamber, the housing member 
further including an outflow opening to permit 
blood to exit the housing member; 

a rotatable member supported for rotational 
movement within the housing to impart pump­
ing energy to blood entering the motor and 
pump chambers through respective first and 

5 

second openings of the housing member; and 10 

an electric motor disposed within the motor 
chamber for imparting rotational movement to 
the rotatable member, the electric motor includ-
ing a magnetically actuated rotor mounted to 15 

the rotatable member and a motor stator, the 
rotatable member and the motor stator defining 
a space therebetween through which blood 
entering the first opening passes through the 
motor chamber. 20 

13. The apparatus according to any of the preceding 
claims wherein the rotatable member traverses at 
least portions of the motor chamber and the pump 
chamber. 25 

14. The apparatus according to any of the preceding 
claims wherein the motor unit includes an ironless 
core motor with copper windings. 

15. The apparatus according to any of the preceding 
claims wherein the rotatable member includes a 
first blade arrangement for imparting pump energy 

30 

to blood entering the first opening and passing 
through the motor chamber within the space 35 

defined between the rotor blade member and the 
motor stator and a second blade arrangement for 
imparting pump energy to blood both entering the 
second opening and exiting the motor chamber. 

16. The apparatus according to any of the preceding 
claims wherein the cross-sectional area of the 
space between the rotatable member and the 
motor stator ranges from approximately .025 in2 to 

40 

approximately .031 in2. 45 

17. The apparatus according to any of the preceding 
claims wherein the first and second openings in the 
elongated housing member are generally axial 
openings. 50 

18. The apparatus according to any of the preceding 
claims including a cannula portion connected to the 
housing member adjacent the outflow opening, the 
cannula portion dimensioned to be placed in an 55 

artery associated with a patient's heart and defining 
a longitudinal opening therethrough to permit blood 
to pass. 

9 
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The invention relates to a pump device comprising a first 
pump (1 Oa) and a second pump (1 Ob). The suction end of 
the first pump (1 Oa) can be introduced into the left 
ventricle (42) of the heart, whilst the delivery end is 
positioned in the aorta (40), and the suction end of the 
second pump (1 Ob) is arranged in the right atrium (43) 
whilst the delivery end is positioned in the pulmonary 
artery (47). Both pumps (1 Oa, 1 Ob) are driven 
interdependently by a single control unit, the first pump 
(1 Oa) assumes a lead function while the second pump 
(1 Ob) only pumps around 90 °/o of the volume flow of said 
first (1 Oa) pump. Pressure sensors on the pumps serve to 
detect the pressure difference between the suction end 
and the delivery end of a pump and to determine the 
volume flow. Both pumps are introduced into the heart 
without the ventricle having to be opened. 
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Disclosed is a blood pump having a pump housing 
(10) in which an impeller (16) is arranged without 
housing. An external magnetic drive device (33) turns 
the impeller (16) via a magnetic coupling (32, 36). 
The lower side (30) of the wings (19) of the impeller 
is configured as a support surface (30) which slopes 
at the following end. A hydrodynamic supporting effect 
is thus obtained during rotation. Said effect raises 
the impeller (17) from the bottom surface of the pump 
housing (10). As the pump housing does not comprise 
bearings and seals, the thrombosis risk and the danger 
of penetration of foreign bodies into the blood by 
attrition is reduced. 
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ABSTRACT 

Blood pump without bearing 

The blood pump comprises a pump casing (10) in which an impeller (16) is 

installed without any bearing. Said impeller (16) is rotated via a magnetic 

coupling (32,36) by an external magnetic driving means {33). The impeller is 

radially centered via the magnetic coupling (32,36). The lower side (30) of the 

blades (19) of the impeller is configured as supporting surface (30) sloping 

towards the trailing end. In this way a hydrodynamical supporting effect is 

attained during rotation such that the impeller (16) raises from the bottom 

surface (12) of the pump casing (10). Since no bearings and sealings are pro­

vided on the pump casing the danger of thrombosis and the danger of pene­

tration of foreign bodies in the form of abrasive particles into the blood is re­

duced. 

(Fig. 1) 

~012 
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Sg/Schm 

Blood pump without bearing 

The invention relates to a blood pump without bearing, operating according to 

the rotary pump principle, for temporary or long-term blood conveyance. 

For temporary short-term blood conveyance extracorporeal blood pumps are 

used which comprise a rotationally driven impeller. Said impeller is supported 

on bearings in the pump casing. Examples of such blood pumps are described 

in EP o 451 376 Bl and DE 43 21 260 Cl. The impeller is driven via a mag-

10 netic coupling by a rotating rotor located outside the pump casing. The bear­

ings supporting the impeller pose a problem in connection with the blood 

pump since thrombosis may occur at the bearings. Further, there Is the dan­

ger of abrasive particles of the bearings contaminating the blood. Seals de­

signed to protect the bearings against penetration of blood have also turned 

15 out to be unsuitable for the medium-term to long-term use (days to years). 

Blood pumps with mechanical support of the impeller are not suited for the 

long-term use for the aforementioned reasons. Pump systems having mag­

netic bearings (US 5 385 581 A, DE 196 13 388 At) which contactlessly sup­

port the impeller in an electromagnetic bearing means require a considerable 

20 controlling effort and a voluminous configuration because of the complex sup­

porting structure where additional energy must be supplied to a large extent 

due to the active impeller centering. 

It is an object of the invention to provide a blood pump having a rotor rotat-

25 ing in a pump casing where the danger of blood contamination and thrombo­

sis minimized. 

30 

This object is solved according to the invention with the features stated in 

claim 1. 

The blood pump according to the invention is a blood pump without bearing 

which is not provided with any mechanical bearings. The impeller is freely 

movable within a limited clearance in the pump casing. The impeller is rotated 

--------·----

Ill 002 
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2 

by an external magnetic driving means thus being self-centering. At least a 

front side of the blades comprises supporting surfaces which hydrodynami­

cally lift the impeller during rotation. The static force of attraction of the per­

manent magnets in the impeller and the driving means tends to press the lm-

5 peller against the pump casing wall facing the driving means. However, the 

supporting surfaces in the impeller cause the impeller to be lifted from the 

bottom surface during rotation such that the impeller slides on a blood cush­

ion thus being kept at a distance from the wall. The impeller without bearing 

is passively centered in the pump casing via permanent magnets in combina-

10 tion with hydrodynamically acting driving forces. The lateral centering of the 

impeller is also effected by the magnets cooperating with the driving means. 

In this way it is possible to create a blood pump without bearing and shaft 

where the impeller is suspended in the pump casing. 

15 The blood pump without bearing according to the invention offers the advan­

tage that due to the fact that no bearings and sliding seals are provided the 

risk of thrombosis of the blood and penetration of foreign bodies into the 

blood is reduced. Thus the blood pump according to the invention cannot only 

be used as an extrac;orporeal blood pump for short-term application but also 

20 as an implantable blood pump for long-term operation. The blood pump is 

operable with high efficiency due to the low centering-induced losses wherein 

the required capacity lies in the range of 6 W under physiologically relevant 

operating conditions such that the pump has a long service life even when 

configured as a battery-operated portable device. 

25 

The impeller may comprise a straight continuous passage extending from the 

inlet to a bqttom wall of the pump casing. Thus the impeller is provided with 

vanes on both sides. 

30 Preferably,. the impeller blades are arranged such that they protrude to oppo­

site side~ from the circumferential wall of a disk-shaped or cone-shaped sup­

porting body. The impeller does not form a disk which would, together with 
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the bottom wall of the pump casing, define a narrow gap. This also reduces 

the risk of thrombosis. In all areas of the pump casing a blood flow is main­

tained without there being the danger of dead water areas. 

5 As seen from the top the blades are of essentially triangular configuration and 

comprise the blade-side magnets. The triangular form of the blades allows the 

blade volume to increase with increasing radius such that the fluid passage 

area available between the blades can be kept constant on all radii. Thus the 

conicallty of the pump CilSing, which would be required to ensure that on all 

10 circumferential circles approximately the same volume is available, is reduced 

or eliminated. 

The blood pump according to the invention is a centrifugal pump Where the 

outlet is arranged essentially tangentially to the outer edge of the pump cas-

15 ing. Since the maximum pressure prevails in the outlet a radial force is pro­

duced which tends to press the impeller away from the outlet. To counteract 

this decentering force a peripheral ring diffusor is provided on the pump cas­

ing according to a preferred aspect of the invention, the ring diffuser ending 

in a tangential outlet. Said ring diffusor is a helical duct which causes the 

20 pressure prevailing in the outlet to be distributed over the circumference of 

the pump casing thus having a centering effect on the impeller. 

25 

30 

Hereunder embodiments of the invention are explained in detail with refer­

ence to the drawings in which: 

Fig. 1 

Fig. 2 

Fig. 3 

shows a schematic longitudinal section across a first embodiment 

of the blood pump, 

shows a perspective view of the pump casing of the blood pump 

shown in Fig. 1, 

shows a view of the impeller of the pump shown in Fig. 1, 
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Flg. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

Fig.9 

Fig. 10 

------

4 

shows another perspective view of the impeller of the pump 

shown in Fig. 1, 

shows a second embodiment of the blood pump, 

shows a perspective view of the pump casing of the pump shown 

in Fig. 5, 

shows a perspective view of the impeller of the pump shown in 

Fig. 5, 

shows a third embodiment of the blood pump, 

shows the pump casing of the blood pump shown in Fig. 8, and 

shows the impeller of the blood pump shown in Fig. 8. 

The blood pump shown in Fig. 1 comprises a pump casing 10 having a trun-

20 cated circumferential wall 11, an essentially tlat bottom wall 12 and a periph­

eral cylindrical wall 13 extending between said bottom wall 12 and said 

circumferential wall 11. The blood is supplied via the axial inlet 14 to the 

pump casing and leaves the latter via the tangential outlet 15 on the outer 

casing circumference. 

25 

In the pump casing 10 an impeller 16 is mtatably arranged. Said impeller 

comprises a truncated supporting body 17 whose slope is approximately half 

as large as that of the circumferential wall 11. The supporting body 17 is 

made of surface material of approximately Identical thickness at all locations. 

30 On the supporting body 17 blades 18,19 protruding to the top and to the bot­

tom are arranged wherein the upper blades 18 and the lower blades 19 are 

congruent as seen from the top, i. e. they have the same projection surfaces. 
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Said blades 18,19 are of triangular configuration as seen from the top and 

comprise a convex circumferential surface 20 coinciding with the circumferen­

tial circle of the supporting body 17, a convex leading surface 21 leading in 

the direction of rotation, and a concave inner surface 22. Said convex leading 

5 surface 21 coincides with the concave inner surface 22 at the inner edge 23. 

The circle on, which lie the inner edges 23 of the three blade pairs, form the 

limit of a circular passage 24 arranged in axial extension of the inlet 14. This 

means that the impeller 16 is open in its center such that a direct axial pas­

sage 24 extends down to the bottom wall 12 wherein a central raised portion 

10 25 extending into said passage 24 is provided in the bottom wall 12. The 

cross-section of the passage 24 is at least as large as that of the inlet 14. 

When the impeller rotates, the respective lnner edge 23 precedes the outer 

edge 26 of the same leading surface 21. This means that the leading surface 

15 21 presses the medium radially to the outside by setting said medium into a 

swirling motion. The trailing edge '2.7 moves along the same path as the lead­

ing edge 26. 

The upper side 28 of the upper blades 18 moves in a truncated plane having 

20 the some cone angle as the circumferential surface 11 of the pump casing. 

Between the upper sides 28 of the blades and the conical circumferential sur­

face 11 of the pump casing a gap is formed which provides the play required 

for axial movement of the impeller. 

25 The lower sides of the lower blades 19 form supporting surfaces 30 which lift 

the impeller from the bottom wall 12 of the pump casing when the impeller 

rotates in the direction indicated by arrow 31. Said supporting faces are 

formed in that on the lower side of the blade the lower edge of the leding sur­

face 21 is positioned at a larger distance to the bottom wall 12 than at the 

30 trailing end, namely at the edge 27. In this way a gap is formed between the 

supporting surface 30 and the bottom woll 12, the gap decreasing towards the 

trailing end such that fluid in the gap tends to lift the impeller. Further, the 

~---··,-------·---
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vertical height of the gap above the bottom wall increases from the inner 

edge 23 towards the outside whereby the impeller is also radially centered. 

The inclination angle a. of the supporting surface 30 in the circumferential di-

rection is approximately 2 to 4°. 

The blades 18,19 which are of triangular configuration as seen from the top 

are each provided with a magnet 32 with north pole N and south pole s. Said 

magnet extends through the two blades 18,19. 

10 The blood pump rs driven by an external magnetic driving means 33 onto 

which the pump casing 10 is placed. Said driving means comprises a rotor 34 

supported in bearings 35 and being provided with magnets 36 on its circum­

ference. Each of said magnets 36 attracts a magnet 32 located in the pump 

casing 10. The rotor 34 is rotated by stationary electromagnets 37. Each elec-

15 tromagnet 37 comprises a U-shaped yoke through which passes a magnet 38 

arranged on the cin;:umference of the rotor 34. The poles of the electromag­

nets 37 are cyclically changed such that they generate a rotating magnetic 

field carrying along the rotor 34. Via the magnetically coupled magnets 32 

and 36 the rotor 34 rotates the impeller 16. All parts of the impeller 16, with 

20 the exception of the magnets 32, are made of plastic material or another 

nonmagnetic material. 

The type of magnet arrangement of the rotor magnet 32 at the drive magnet 

36 results in a radial centering of the impeller 16. Thus 2 cartesian axes and 3 

25 rotating axes are defined. The last remaining degree of freedom in the direc­

tion of magnetic attraction is fixed by the convergent gap formed between the 

supporting wall 30 and the bottom wall 12 and extending in circumferential 

direction. Thus the impeller, when rotating, raises from the bottom wall 12 

against the magnetic attraction. When a sufficient circumferential velocity of 

30 the impeller has been reached 1 a blood fi~m capable of bearing forms in the 

convergent gap and the impeller is suspended in the pump casing without 

mixed friction. 
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In the embodiment shown in Fig. 5 the casing lOa comprises a flat bottom 

wall 11 and a flat upper wall lla extending essentially in parallel to the for­

mer. The supporting body 17a, from which the blades 18,19 protrude to the 

5 top and to the bottom, ls a flat disk. 

According to Fig. 5 the external driving means 33a comprises electromagnets 

40 distributed on the circumference of the pump casing lOa and generating a 

peripheral magnetic field. The yokes of the electromagnets 40 directly act 

10 upon the magnets 32 of the impeller 16a. Here, too, the magnets do not only 

carry out the rotary drive of the impeller but also its radial centering. For axial 

centering of the impeller the blades are provided with an inclined supporting 

surface 30 on their lower side and with an inclined supporting surface 41 on 

their upper side, said supporting surfaces forming, together with the upper 

15 wall lla of the pump casing, a convergent centering gap. 

The blades 18,19 have the blade form shown in Fig. 7 deviating from that of 

the first embodiment in that the vanes are curved in forward direction as seen 

in the direction of rotation. In all cases the blades extend up to the passage 

20 24 and the blade width (in circumferential direction) increases from the pas­

sage 24 towards the outside such that each blade has its maximum width at 

the edge of the supporting body 17 and 17a, respectively. 

According to Fig. 6 the pump casing lOa generally has the form of a flat cylin-

25 der with a flat upper wall lla and a cylindrical circumferential wall 13. Since 

during rotation of the impeller 16a the maximum pressure builds up in the 

outlet 15 it may happen that this pressure presses the impeller against the 

pump casing side located opposite to the outlet. To compensate for this pres­

sure force a ring diffuser 44 extends around the circumference of the pump 

30 casing, said ring diffusor 44 completely enclosing the circumference of the 

pump casing and being configured as a helical bulge whose cross-section con­

tinuously enlarges from the inlet end 44a towards the outlet 15. 
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The embodiment shown in Figs. 8 to 10 <:orresponds to a large extent to that 

shown in Figs. 5 to 7. The pump casing lOb is essentially configured as a flat 

cylinder with a flat upper side Ua and a flat bottom wall 12. The lower side of 

5 the lower blades 19 forms a hydrodynamical supporting surta<:e 30 which in­

creases, as in the previous embodiments, towards the leading edge. Further, 

the supporting surface 30 shown in Fig_ 8 increases towards the outside-

The driving means 33b comprises a disk rotor motor 45 supported in bearings 

10 35 and being provided with magnets 36 which cooperate with the magnets 32 

of the impeller 16b. 
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CLAIMS 

1. Blood pump without bearing, having a pump casing (10) comprising an 

axial inlet (14} and an outlet (15) disposed on its circumference, and 

having an impeller (16) rotatably arranged in said pump casing (10), 

said impeller (16} being provided with magnets (3Z) adapted to coop­

erate with an external magnetic driving means (33), wherein the impel­

ler (16) is freely movable within a limited clearance in the pump casing 

(10), and the blades (19) on the lower side of the impeller (16) facing 

the driving means (33) comprise hydrodynamically lifting supporting 

surfaces (30), 

characterized in that 

the impeller (16) is positioned without any bearings involved and com­

prises a passage (24) in extension of the axial inlet (14) of the pump 

casing (10). 

2. Blood pump according to claim 1, characterized in that the impeller 

(16) has no shaft and comprises a straight continuous passage (24) ex­

tending from the inlet (14) to a bottom wall (12). 

3. Blood pump according to claim 1 or 2, characterized in that the blades 

(181 19) are arranged such that they protrude to opposite sides from 

the surface wall of a disk-shaped or truncated supporting body (17). 

4. Blood pump according to one of claims 1 to 3, characterized in that, as 

seen from the top, the blades (18,19) are of essentially triangular con­

figuration, wherein the blade width increases with increasing radius. 
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5. Blood pump according to one of claims 1 to 4, characterized in that the 

blades (18,19) comprise the magnets (32). 

6. Blood pump according to claim 4, characterized in that the blades (18, 

19) have a convex outer surface (20) on the circular border of the sup­

porting body (17). 

7. Blood pump according to claim 5 or 6, characterized in that the 

supporting surfaces (30) of the blades (19) slope towards a trailing 

edge (27) of the triangular shape. 

B. Blood pump according to one of claims 1 to 7, characterized in that a 

peripheral ring diffusor (44) is provided on the pump casing (lOa), the 

ring diffusor (44) ending in the tangential outlet (15). 
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Abstract 

Oisdosed is a micromotor with a motor housing (20) formed of polymer material. 

Said motor housing (20) surrounds the stator (24)_ The motor drives a pump part 

(12) which pushes fluid along the motor housing (20). The polymer material of the 

motor housing (20) contains an electrically isolating filler having caloric conductibil­

ity, especially A14P 3• Thereby, the temperatures arising in the motor housing are 

reduced. Furthermore, the hollow spaces of the coils (24a) of the stator can be 

filled up with a polymer material which contains a filler with caloric conductibility. 

The internal temperature of the motor is reduced as a result of the heat carried 

away to the fluid flowing around the motor. The micromotor is particularly useful for 

an intravascular blood pump. 

~010/011 
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Electric motor cooled by a fluid and having high specific power 

The invention refers to a fluid-cooled electric motor with high specific power 

comprising a motor housing injection molded from a polymer material and 

5 enclosing a stator, and in particular to a micromotorthat can be introduced 

into the vascular system of a body to drive a blood pump situated within the 

body. 

WO 98/44619 describes a micromotor that is part of a blood pump to be 

10 introduced into the body of a patient. The micromotor has a motor housing 

injection molded from polymer material and having an outer diameter no larger 

than 8.0 mm. The motor is part of a blood pump pumping blood in the vascular 

system of a patient, the blood flowing along the motor housing, thereby cooling 

the motor. A relatively hlgh temperature is generated in the motor housing, 

15 since polymer material has poor thermal conductivity. Due to the thermos 

bottle effect, temperatures of 60. c occur. Although the motor housing is cooled 

by the blood flowing along the same at a temperature of 37" C, the shaft 

extending from the motor housing has a higher temperature. There is a risk 

that the temperature-critical medium blood is damaged by too high a shaft 

20 temperature. Seals sealing a shaft having a high temperature are subject 

to greater wear, thereby redudng the service life ofthe micromotor. Further, 

consideration must be given to the fact that the efficiency decreases at a high 

inner temperature within the motor. With micromotors in particular, which 

often rely on battery power for operation, a high efficiency is important. An 

25 excessive inner temperature in the motor and the accompanying deterioration 

of efficiency, the mechanically available power Is also reduced. 

30 

It is the object of the invention to provide a fluid-cooled micromotor with 

improved thermal dissipation. 

According to the invention, the object is solved with the features mentioned 

in claim 1. In the present micromotor, the polymer material of the motor 

housing includes a thermally conductive electrically insulating filler. This filler 

------------------ ·-~--~-·----------
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causes the motor housing to have a high conductivity so that the heat occurring 

inside the housing can be transferred better into the surrounding blood. 

Preferably, the filler is a ceramic material, in particular Al 20 3 • Due to this 

material, given a corresponding filling amount, the thermal conductivity of 

5 thermoplastics or duraplasties can be increased significantly from a typical 

0.05 W/mK to up to 2 W/mK without the electric conductivity increasing. It 

has been found that at a fluid temperature of 37· C, the internal temperature 

of the motor can be reduced from an initial 60" C to between 40· C and 45· 

c. Within the motor, no thermal build-up occurs, since the thermally conductive 

10 motor housing provides fora bettertransferofthe heattothe blood. Therefore, 

the components of the electric motor are subjected to a lesser thermal stress 

and, thus, also to a lesser wear. Moreover, the motor can be operated with 

improved efficiency. 

15 The length of the motor housing is at least twice the outer diameter of this 

housing. Thus, it is an elongate motor housing with a small diameter. Such 

motor housing has a large surface relative to the volume. The thermally 

conductive filler contained in the housing wall, in combination with the large 

housing surface, allows for an effective thermal transfer to a medium flowing 

20 along the housing. Preferably, the length of the motor housing is at least 2.5 

times, in particular at least three times, the outer diameter. 

The tiller is also advantageous in the mi!nufacture of the micromotor by injection 

molding or in vacuum molding, since a large amount of filler reduces the curing 

25 time of a duromer because of the lesser duromerthicknesses and the improved 

thermal conductivity. Thus, the heat curing time in an oven is significantly 

reduced. 

The amount of filler should be at least 40 percent by weight to achieve a 

30 significant increase in the thermal conductivity of the matrix material. The 
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filler, initially present as a fine powder, is mixed into the liquid polymer material, 

whereupon the forming is done by injection molding, drenching, and the like. 

An important insulator within a micromotor is formed by the wire coils. cavities 

5 filled with air exist between the windings, which form an ideal heat insulator. 

Moreover, the individual wires are coated with insulating sheaths that also 

present good thermal insulators. According to a preferred embodiment of 

the invention, which is of independent importance, the cavities of the stator 

coils are filled with a polymer material including a thermally conductive filler. 

10 Thereby, the coils become good thermal conductors, where the current-induced 

heat generated in the coils is dissipated to the yoke and/or the motor housing 

with little thermal resistance. The polymer material filling the cavities causes 

an improved heat transfer to the iron yoke sheet arrangement which in turn 

passes the heat on to the motor housing. Introducing the filler-loaded polymer 

15 matetial into the cavities of the coils is suitably done by drenching or by casting 

under a combination of vacuum and pressure, where all cavities are intentionally 

filled with thermally conductive polymer material. 

The following is a detailed description of an embodiment of the invention taken 

20. in conjunction with the drawings. 

25 

30 

In the Figures: 

Fig. 1 

Fig. 2 

is a longitudinal section of the micro motor and the pump connected 

thereto, and 

is an enlarged representation of the detail II of Fig. 1. 

Fig. 1 described below already forms subject matter of WO 96/44619. 
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Fig. 1 illustrates an intravascular blood pump 10, i.e. a blood pump that can 

be pushed through the blood vessels of a patient so as to arrive In the heart. 

In general, the outer diameter of such a blood pump is nowhere larger than 

8mm. 

The pump 10 has a drive portion 11 and a pump portion 12 rigidly connected 

thereto. The drive portion 11 includes an electric micromotor 21 with an 

elongate cylindrical housing 20. At the rear end, the housing 20 is closed by 

an end wall adjoined in a sealing manner by a flexible catheter 14. Electric 

10 wires 23 for power supply to and control of the electric motor 21 extend through 

the catheter 14, together with further wires 23a connected to sensors of the 

blood pump 10. 

In a conventional manner, the stator 24 of the motor has a plurality of 

15 clrcumferentially distributed coils 24a, as well as a magnetic yoke 24b made 

of metal sheets and extending longitudinally. It is extrusion-coated with the 

motor housing 20. The stator 24 encloses the rotor 26 connected to the motor 

shaft 25 and consisting of permanent magnets magnetized in the direction 

of action. A bearing 27 supports the rear end of the motor shaft in the motor 

20 housing or the end wall 22. The shaft extends along the entire length of the 

motor housing 20 and projects forward therefrom. 

The front end of the motor housing is formed by a stationary hub member 

30 that is an integral part of the housing 20. The outer diameter of the hub 

25 member tapers towards the front end where a bearing 33 for supporting the 

motor shaft 25 is provided. This bearing is simultaneously designed as a shaft 

seal. 

The motor shaft 25 protrudes forward from the hub member 30 and carries 

30 an impeller wheel 34 with a hub 35 sitting on the shaft end and blades 36 

or pump vanes projecting therefrom and being inclined with respect to the 

---- , ____________ , 
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axis of the impeller wheel 34. The impeller wheel 34 is contained in a cylindrical 

pump housing 32 that is connected to a ring 38 on the hub member 30, the 

connection being established through three circumferentially distributed webs 

39. It is visible that the motor housing 20 and the pump housing 32 are rigidly 

5 connected and have the same outer diameter, and that the diameter of the 

pump 10 is nowhere larger than this outer diameter. 

During the rotation of the impeller wheel 34, blood is taken in through the 

take-in port 37 of the pump housing 32 and driven to the rear in the axial 

10 direction within the pump housing 32. Through the annular gap between the 

pump housing 32 and the motor housing 20, the blood flows outward along 

the hub member 30 to flow further along the motor housing 20. This guarantees 

the dissipation of the heat generated in the drive, without any damage to 

the blood caused by excessive surface temperatures (above 41" C) on the 

15 motor housing 20. 

20 

It is also possible to operate the pump portion 12 with the supply direction 

reversed, where the blood is drawn along the motor housing and exits axially 

from the front end opening 37. 

A pressure sensor 68 is embedded in the circumferential wall of the motor 

housing 20, which communicates with a line 23a. This line 23a is encapsulated 

in the motor housing 20 and extends through the front wall 22 into the catheter 

14. At the proximal end of the catheter, the line 23a and the wire 23 may 

25 be connected to an extracorporeal control device that controls the operation 

ofthe pump 10. 

30 

The micromotor 21 is manufactured by injection molding using an injection 

mold into which a mandrel is inserted that carries the stator components 24a, 

24b. Polymer material is then injected into the mold. Thereafter, the injection 
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mold and the mandrel are removed from the motor housing 20 and the rotor 

26 is finally mounted through the opening 31 of the hub member 30. 

The polymer material used is preferably a liquid epoxy resin Including a filler 

5 percentage of at least 40% by weight. The filler used is a fine powder of A~03 • 

The current-induced heat generated in the coils 24a of the stator 24 is first 

transferred to the yoke arrangement 24b and, through heat transfer, from 

there to the motor housing 20. Since the motor housing 20 has a good heat 

10 conductivity, there is a low temperature gradient to the blood flowing around 

the motor housing at a temperature of 37" C. 

Fig. 2 illustrates the wire windings 40 of a coil24a, where each wire is provided 

with an insulating sheath 41. The spaces between the wire windings or their 

15 insulations are filled with polymer material 42 containing Al20 3 as a filler. Again 

the filler amount is at least 40% by weight. The polymer material 42 filling 

the cavities is in full surface contact with the yoke sheet arrangement 24b, 

which is In full surface contact with the motor housing 20. 

20 Due to the improved cooling, a high mechanical power output of 5 W can be 

achieved at u = 30,000 rpm. Because of the substantially improved thermal 

conductivity in all motor components and the substantially improved heat 

coupling at the transition between coil, yoke and motor housing, the 

temperature inside the motor can be reduced significantly. 

25 

Thus, in the structure described, the transfer of 10 W of heat from within 

the motor to the outside requires a mere driving temperature difference of 

/10 = 5 - 8 K opposed to ~o = 18 - 25 K when using a non-filled polymer. 

30 The complete filling of all winding cavities with polymer material 42 further 

allows for a smooth and insulating coil coating 43 on the inner surface of the 
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7 

coil. When the motor is designed as a brush-less synchronous machine, it 

is possible to drive the motor filled with liquid on the Inside, provided the coils 

are fully encapsulated. 

~~------------------
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Claims 

1. A fluid-cooled electric motor with a motor housing ( 20) made of polymer 

material and enclosing a stator (24), the length of the motor housing 

being at least twice the outer diameter of the motor housing, 

characterized in that 

the polymer material of the motor housing (20) contains a thermally 

conductive, electrically insulating filler in an amount of at least 40 percent 

by weight. 

2. The electric motor of claim 11 wherein the filler .,.comprises Al 20 3 • 

3. The electric motor in particular of claim 1 or 2# wherein the stator (24) 
' 

comprises coils whose cavities are filled with a polymer material (42) 

including a thermally conductive filler. 

4. The electric motor ofdaim 3, wherein the polymer material (42) tilling 

the cavities is in thermally conductive contact with a surrounding yoke 

sheet arrangement (24b). 

5. The electric motor of one of claims 1 to 4, wherein a pump portion (12) 

driven by the motor also includes filler. 

6. The electric motorofclaim 3 or4, wherein the coil has a smooth Insulating 

inner surface {43) made of said polymer material. 
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54. displacement to promote blood 

57 
There are described for their preparation, a positive 
displacement pump for conveying blood and a method. 
The pump has a pump housing, in that the housings of 
the inlet and outlet valve are seamlessly integrated. 
Thereby seam or joints can be avoided with their adverse 
effects on the blood. In the manufacturing method for the 
positive displacement pump, the pump housing is 
produced together with the two flaps enclosures in a 
single molding operation. In further process steps, the 
flaps closing body and the blood side 
Formed membrane seamlessly 
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Beschreibung 

Die vorliegende Erfindung betrifft eine Verdranger­
pumpe zur Forderung von Blut mit einem Pumpenge­
hause, einer als Forderorgan dienenden, im Pumpenge­
hause angeordneten Membran, die das Pumpengehause 
in eine Blutkammer und eine Kammer ftir das Forder­
medium unterteilt, einem EinlaBstutzen am Pumpenge­
hause und einem AuslaBstutzen am Pumpengehause. 

Derartig ausgebildete Blutpumpen sind bekannt. Sie 
arbeiten mit einem gasformigen oder fltissigen An­
triebsmedium, das durch die flexible Membran vom Blut 
getrennt ist. Diese Membran ist schlauchformig, flach, 
halbkugelformig oder sackformig ausgebildet und so in 
dem festen Pumpengehause untergebracht, daB das Blut 
von dem antriebsseitig ein- bzw. ausstromenden An­
triebsmedium verdrangt bzw. angesaugt wird. 

Derartige Blutpumpen werden mit separat ausgebil­
deten Ein- und AuslaBklappen betrieben, ftir die tibli­
cherweise Herzklappenprothesen eingesetzt werden. 
Die Klappen werden dabei am EinlaB- und AuslaBstut­
zen des Pumpengehauses befestigt. 

Fiir aile Verdranger-Blutpumpen sind die Ein- und 
AuslaBklappen von entscheidender stromungsmechani­
scher bzw. hamodynamischer Bedeutung. Aus der Befe­
stigung der Klappen an den Stutzen des Pumpengehau­
ses resultieren jedoch zwangslaufig Obergangs- bzw. 
StoBstellen, die entsprechende stromungsmechanische 
bzw. hamodynamische Nachteile mit sich bringen. So 
resultieren thrombotische Ablagerungen, so daB beim 
Einsatz von derartigen Pumpen permanent gerinnungs­
hemmende Mittel eingesetzt werden miissen. Es Iiegen 
somit keine iibergangsfreien und stoBarmen Oberfla­
chen vor, was zu entsprechenden Blutschadigungen 
fiihrt. 

Der Erfindung liegt die Aufgabe zugrunde, eine Ver­
drangerpumpe zur Forderung von Blut der angegebe­
nen Art zu schaffen, die auf der Blutseite besonders 
stromungsgilnstig ausgebildet ist. 

Diese Aufgabe wird erfindungsgemaB bei einer Ver­
drangerpumpe der gattungsgemaBen Art dadurch ge­
lost, daB der EinlaBstutzen mit dem Gehause einer Ein­
laBklappe und der AuslaBstutzen mit dem Gehause ei­
ner AuslaBklappe einstiickig ausgebildet sind. 

Bei der erfindungsgemaBen Losung sind somit beide 
Klappengehause unmittelbar in das Pumpengehause in­
tegriert, so daB sich zwischen Ein- und AuslaBstutzen 
einerseits und den Klappengehausen andererseits keine 
StoB- und Obergangsstellen mehr ergeben. Es liegen 
daher im Obergangsbereich zwischen Klappe und Stut­
zen ablosungsfreie Storungsverhaltnisse vor, die zu kei­
nen Blutschadigungen, insbesondere thrombotischen 
Ablagerungen, fiihren. Die heiden Klappengehause bit­
den daher Verlangerungen des EinlaB- und AuslaBstut­
zens. 

Bei einer speziellen Ausfilhrungsform der erfindungs­
gemaBen Pumpe sind die EinlaB- und AuslaBklappe als 
Bulbenklappen ausgebildet, wobei die jeweiligen But­
ben einsttickig mit dem EinlaB- und AuslaBstutzen aus­
gebildet sind. Hierbei bilden die Klappengehause bul­
benformige Ausbauchungen der jeweiligen Stutzen. 
Auch hier sind glatte Obergangsflachen zwischen Klap­
pengehause und Stutzen vorgesehen, was die vorste­
hend geschilderten Vorteile mit sich bringt. 

Bei den heute im Handel erhaltlichen Blutpumpen 
werden nahezu ausschlieBlich mechanische Kippschei­
benklappen verwendet, die nicht fiir diesen speziellen 
Anwendungsfall entwickelt wurden. Durch die unphy-

2 
siologische Stromungsftihrung im Ktappenbereich wird 
das Blut infolge iiberhohter Schubspannungen sowohl 
hamolytisch geschadigt als auch prathrombotisch ge­
reizt. Der in solchen Fallen typische W eg des Blutes 

5 fiihrt aus Bereichen hoher Schubspannungen in Rezir­
kulationsgebiete (Totwassergebiete). Diese fluiddyna­
misch zeitweise abgeschlossenen Raume ermoglichen 
analog einem ReagenzgefaB die Durchmischung ohne 
Verdiinnung von geschadigten und intakten Plattchen 

to und bilden so die Grundlage zum thrombotischen Ent­
stehungsprozeB. In ungestorter laminarer Stromung 
wilrde diese verhaltnismaBig kleine Blutschadigung in­
folge rascher Verdilnnung der aktivierenden Mediato­
ren ohne Folgen bleiben. Mit anderen Worten, auch 

15 durch die Art der bisher verwendeten Klappen, insbe­
sondere die Ausbildung des SchlieBkorpers, wird das 
Blut geschadigt. Ein weiterer Nachteil von derartigen 
mechanischen Klappen sind das harte SchlieBen und die 
damit verbundenen Quer- und Langsbeschleunigungen 

20 der gesamten Pumpe sowie eine entsprechende Ge­
rauschentwicklung. 

Zur Behebung dieser Nachteile wird in Weiterbildung 
der Erfindung vorgeschlagen, daB der SchlieBkorper der 
Klappe an das zugehorige Klappengehause angeformt 

25 ist. Hierdurch wird auch zwischen Klappengehause und 
SchlieBkorper ein glatter Obergang erreicht, so daB die 
vorstehend aufgezeigten Nachteile, insbesondere das 
Entstehen von Totwassergebieten, vermieden werden. 
Bei dieser Ausfiihrungsform sind somit Pumpengehau-

30 se, Klappengehause und SchlieBkorper der Klappe ein­
stiickig ausgebildet. 

Die Klappe weist als SchlieBkorper vorzugsweise 
mindestens ein Klappensegel auf. Bei einer besonders 
bevorzugten Ausfilhrungsform sind drei Klappensegel 

35 vorhanden, die jeweils an die Innenseite des Klappenge­
hauses angeformt sind. Eine solche Klappe zeichnet sich 
durch besonders gute Stromungscharakteristika aus. 
Bei einer Bulbenklappe sind dabei die Segel vorzugs­
weise an der Obergangsstelle zwischen dem Bulbus und 

40 dem zylindrischen Gehausestutzen angeformt. 
Zur Vereinfachung der Herstellung ist das Pumpen­

gehause zweckmaBigerweise zweigeteilt, wobei beide 
Gehausehalften uber eine Spanneinrichtung miteinan­
der verbunden sind. Dabei weist vorzugsweise die obere 

45 Gehausehalfte die mit den integrierten Klappen verse­
henen Stutzen fiir die Blutzufilhrung und Blutabfiihrung 
auf, wahrend die untere Gehausehalfte vorzugsweise 
einen Stutzen zur Zu- und Abfiihrung des Forderme­
diums (Luft) besitzt. Als Spanneinrichtung findet vor-

50 zugsweise eine auf einen Gewindering aufgeschraubte 
Spannmutter Verwendung, die zwei Ringflansche der 
Gehausehalften gegeneinander preBt. Durch diesen 
PreBvorgang wird zweckmaBigerweise die Membran 
mit eingepreBt, indem deren radial auBere Bereiche mit 

55 Feder-Nut-Verbindungen zwischen die heiden Gehau­
seflansche gefiihrt sind. 

Die das Pumpengehause unterteilende Membran be­
sitzt zweckmaBigerweise eine blutseitige Lage und eine 
dem Fordermedium zugewandte Lage. Beide Lagen 

60 sind vorzugsweise voneinander getrennt und liegen nur 
lose aneinander an, wobei zwischen heiden eine Gleit­
schicht, beispielsweise aus Graphit, angeordnet ist. Da­
bei kann die dem Fordermedium zugewandte Lage aus 
dem gleichen Material wie das Pumpengehause beste-

65 hen, wahrend die blutseitige Lage aus einem speziellen 
biokompatiblen Material besteht. 

Wie bereits vorstehend erlautert, wird die Membran 
vorzugsweise dadurch gehalten, daB sie zwischen die 
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beiden Gehausehalften eingespannt ist. Dies betrifft in 
Weiterbildung der Erfindung nur die dem Fordermedi­
um zugewandte Lage der Membran, wahrend die blut­
seitige Membranlage an die Innenseite des Pumpenge­
hauses angeformt ist. Bei dieser Ausflihrungsform ist 
daher auch die blutseitige Membranlage einsttickig mit 
dem Pumpengehause ausgebildet. Pumpengehause, 
Stutzen, Klappengehause, Klappenschliel3korper und 
blutseitige Membran bilden dabei hierbei eine Einheit. 

Vorzugsweise sind Pumpengehause, Stutzen und 
Klappengehause auf ihren mit Blut in Beriihrung treten­
den Flachen mit einem biokompatiblen Material be­
schichtet. W enn auch die KlappenschlieBkorper (Segel) 
aus einem biokompatiblen Material bestehen, sind somit 
samtliche mit Blut in Bertihrung tretenden Flachen der 
Verdrangungspumpe einschlie131ich der Klappen mit 
biokompatibem Material versehen, so daB sich das Ma­
terial der Pumpe nicht schadigend auf das Blut auswirkt. 

Zweckmal3igerweise bestehen die relativ festen Be­
standteile der Pumpe, namlich das Pumpengehliuse, die 
Stutzen und die Klappengehause, aus thermoplasti­
schem Polyurethan, das sich ftir diesen Einsatzzweck als 
besonders geeignet erwiesen hat. Als biokompatibles 
Material ftir die Herstellung der blutseitigen Membran­
lage und der KlappenschlieBkorper sowie fiir die Be­
schichtung der iibrigen mit Blut in Kontakt tretenden 
Flachen kommt vorzugsweise in einem geeigneten Lo­
sungsmittel losbares biokompatibles Polyurethan zum 
Einsatz. 

Insgesamt wird somit erfindungsgemaB eine Verdran­
gerpumpe mit nahtlos integrierten Ein- und AuslaBklap­
pengehausen sowie insbesondere mit nahtlos integrier­
ter blutseitiger Membranlage und nahtlos integrierten 
KlappenschlieBkorpern vorgeschlagen. Die Blutpumpe 
ist auf der Blutseite besonders stromungsgiinstig ausge­
bildet und weist insbesondere weichschlieBende Klap­
pen auf. Aile blutfiihrenden Bauteile konnen mit ein und 
demselben biokompatiblen flexiblen Material beschich­
tet oder aus diesem hergestellt sein. 

Die Erfindung betrifft ferner ein Verfahren zur Her­
stellung einer Verdrangerpumpe der erfindungsgema­
Ben Art. 

Wie erwahnt, ist es bekannt, fiir derartige Verdran­
gerpumpen separat hergestellte Klappen zu verwenden 
und diese Klappen mit den heiden Stutzen des Pumpen­
gehauses zu verbinden, beispielsweise zu verklemmen 
oder zu verkleben. Das erfindungsgemaBe Verfahren 
wendet sich von dieser bekannten Lehre ab und schlagt 
in seiner allgemeinsten Ausfiihrungsform die Herstel­
lung des Pumpengehauses mit den Klappengehausen in 
einem einzigen Formvorgang vor. 

Das Gehause wird dabei vorzugsweise tiber eine Po­
sitivform, die im Stutzenbereich die Gehause filr die 
Aufnahme der KlappenschlieBorgane besitzt, in einem 
Arbeitsgang geformt, vorzugsweise thermogeformt. 

In Weiterbildung umfaBt das erfindungsgemli.Be Ver­
fahren des weiteren den Schritt des Anformens der 
Klappenschliel3organe durch Antauchen. Hierbei wird 
zweckmaBigerweise gleichzeitig mit dem Anformen des 
EinlaBklappenschlieBorganes die lnnenseite des Pum­
pengehauses mit dem Material fur die KlappenschlieB­
organe beschichtet. Wie vorstehend erwahnt, handelt es 
sich hierbei urn ein biokompatibles Material. 

Ahnlich wie bei dem EinlaBklappenschlieBorgan wird 
auch das AuslaBklappenschlieBorgan durch Antauchen 
an das entsprechende Klappengehause angeformt. 

Die blutseitige Membranlage wird vorzugsweise 
durch Anformen an das Pumpengehause hergestellt. 

4 
Bei einer besonders bevorzugten Ausfiihrungsform 

des erfindungsgemaBen Verfahrens wird in der folgen­
den Reihenfolge vorgegangen: Zuerst wird das Pum­
pengehause mit integrierten Klappengehausen geformt, 

5 wonach das EinlaBklappenschlieBorgan durch Antau­
chen hergestellt und an das EinlaBklappengehause an­
geformt wird. Hierbei erfolgt gleichzeitig eine Beschich­
tung der lnnenseite des Pumpengehauses. Im nachsten 
Verfahrensschritt wird das AuslaBklappenschlieBorgan 

10 durch Antauchen hergestellt und an das AuslaBklappen­
gehause angeformt, wonach an die mit den fertigen 
Klappen versehene Pumpengehausehalfte im nachsten 
Fertigungsschritt die blutseitige Membran angetaucht 
wird. Die Klappen mtissen hierftir abgedeckt werden, 

15 urn eine Beschadigung durch die LOsungsmittelatmo­
sphare beim Antauchvorgang zu unterbinden. Die 
Membran selbst wird durch mehrfaches Tauchen einer 
Kugelkalotte vorgefertigt. Beim letzten Tauchvorgang 
wird die Membran im feuchten Zustand mit der anderen 

20 Gehausehalfte geftigt. Dies geschieht in Verbindung mit 
dem Einspannen der luftseitigen Membran und dem 
Festspannen der beiden Gehausehalften gegeneinander. 

Ahnlich wie bei dem EinlaBklappenschliel3organ wird 
auch das AuslaBklappenschlieBorgan durch Antauchen 

25 an das entsprechende Klappengehause angeformt. 
Die blutseitige Membranlage wird vorzugsweise 

durch Anformen an das Pumpengehause hergestellt. 
Bei einer besonders bevorzugten Ausftihrungsform 

des erfindungsgemaBen Verfahrens wird in der folgen-
30 den Reihenfolge vorgegangen: Zuerst wird das Pum­

pengehause mit integrierten Klappengehausen geformt, 
wonach das EinlaBklappenschlieBorgan durch Antau­
chen hergestellt und an das EinlaBklappengehause an­
geformt wird. Hierbei erfolgt gleichzeitig eine Beschich-

35 tung der lnnenseite des Pumpengehauses. lm nachsten 
Verfahrensschritt wird das AuslaBklappenschlieBorgan 
durch Antauchen hergestellt und an das AuslaBklappen­
gehause angeformt, wonach die blutseitige Membranla­
ge durch Antauchen hergestellt und an das Pumpenge-

40 hause angeformt wird. 
Das Pumpengehause wird zweckmaBigerweise in 

zwei Halften hergestellt, wobei die heiden Halften nach 
der Anbringung der KlappenschlieBorgane und der 
Membran miteinander verspannt werden. Wenn die 

45 Membran aus einer blutseitigen Lage und einer dem 
Fordermedium zugewandten Lage besteht, wird hierbei 
zweckmaBigerweise so vorgegangen, daB die dem For­
dermedium zugewandte Membranlage zuerst einseitig 
eingespannt wird, wahrend die blutseitige Membranla-

50 ge ebenfalls zuerst einseitig angeformt wird. Es erfolgt 
dann ein Zusammenfilgen der heiden Gehausehalften, 
wobei die andere Seite der dem Fordermedium zuge­
wandten Membranlage eingespannt und die andere Sei­
te der blutseitigen Membranlage im noch feuchten Zu-

55 stand mit dem Gehause gefiigt wird. 
Die Erfindung wird nachfolgend anhand eines Aus­

fiihrungsbeispiels in Verbindung mit der Zeichnung im 
einzelnen erlautert. Es zeigt 

Fig. 1 eine Draufsicht auf eine Ausftihrungsform einer 
60 Verdrangerpumpe mit integrierten Klappen; und 

Fig. 2 einen Schnitt durch die Verdrangerpumpe der 
Fig. 1 entlang Linie A-A in Fig. 1. 

Die in den Figuren dargestellte Verdrangerpumpe 
zur Forderung von Blut besteht aus einem Pumpenge-

65 hause 1, das sich aus einer oberen und einer unteren 
Gehausehalfte 2, 3 zusammensetzt. Das Pumpengehau­
se ist mit einer nahtlos integrierten EinlaB- und AuslaB­
klappe 4, 5 versehen. An diese Klappen sind entspre-
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chende Reduzierstiicke 6 angeschlossen, die mit ent­
sprechenden Leitungen in Verbindung gebracht werden 
konnen. 

6 
dann das Klappenwerkzeug zu entfernen. Dies kann 
auch durch Laserschneiden geschehen. 

Hiernach erfolgt die Fertigung der AuslaBklappense­
gel. Ahnlich wie bei der EinlaBklappe kann nun das Fig. 2 zeigt den Aufbau des Pumpengehauses 1 im 

einzelnen. Die heiden Halften 2, 3 des Pumpengehauses, 
die jeweils etwa halbkugelformig ausgebildet sind, sind 
mit Endflanschen versehen, die aneinander liegen. Der 
Endflansch der oberen Halfte 2 weist dabei eine Feder 
auf, die in eine entsprechende Nut des Endflansches der 
unteren Halfte 3 eingreift. Diese heiden Endflansche 
sind mit Hilfe eines Gewinderinges 11 und einer Spann­
motter 12 gegeneinander verspannt, so daB eine dichte 
Gehauseeinheit gebildet wird. Mit zwischen die Flan­
sche eingespannt ist eine Membran 10, die die Pumpen­
kammer im Gehause 1 in zwei Halften unterteilt. Die 
Membran ist in der Figur links in ihrem endsystolischen 
und in der Figur rechts in ihrem enddiastolischen Zu­
stand dargestellt. 

5 Klappenwerkzeug am Ring im AuslaBbulbus befestigt 
werden. Durch Ausschwenken des Bulbus und anschlie­
Bendes Taumeln konnen nun ahnlich wie bei der bisheri­
gen Klappe die Segel hergestellt werden. Nach der 
Trocknung werden die Segelkanten aufgeschnitten bzw. 

10 aufgeschmolzen, und das Klappenwerkzeug wird ent­
fernt. 

An die mit den fertigen Klappen versehenen Pumpen­
gehausehalfte wird im nachsten Fertigungsschritt die 
blutseitige Membran angetaucht. Die Klappen miissen 

Die Membran 10 unterteilt die Pumpenkammer in 
eine Luftkammer und eine Blutkammer. In die Luftkam­
mer miindet ein Luftstutzen 14, mittels dem wechselwei­

15 hierfiir abgedeckt werden, urn eine Beschadigung durch 
die LOsungsmittelatmosphare beim Antauchvorgang zu 
unterbinden. Die Membran selbst wird durch mehrfa­
ches Tauchen einer Kugelkalotte vorgefertigt. Beim 
letzten Tauchvorgang wird die Membran im feuchten 

20 Zustand mit der anderen Gehausehalfte gefilgt. Dies 
geschieht in Verbindung mit dem Einspannen der luft­
seitigen Membran und dem Festspannen der heiden Ge­
hausehalften gegeneinander. 

se Druck- und Unterdruck auf die Luftseite der Mem­
bran geftihrt werden. Auf diese Weise erfolgt eine For­
derung des durch die Blutkammer stromenden Blutes. 
Die Blutkammer steht dabei tiber einen EinlaBstutzen 25 

und einen AuslaBstutzen 9 und die entsprechende Ein­
laB- und AuslaBklappe 4, 5 mit einem blutfiihrenden 
Leitungssystem in Verbindung. 

Wie man Fig. 2 entnehmen kann, ist das Gehause 7 
der AuslaBklappe 5 zusammen mit dem AuslaBstutzen 30 

und der oberen Halfte 2 des Pumpengehauses 1 einsttik­
kig ausgebildet, so daB keine Naht- bzw. StoBstelle da­
zwischen vorhanden ist. Gleiches trifft auf das Gehause 
der EinlaBklappe zu, das einsttickig mit dem EinlaBstut­
zen und der oberen Halfte 2 des Pumpengehauses aus- 35 

gebildet ist. Bei der hier dargestellten Ausfiihrungsform 
sind EinlaB- und AuslaBklappe als Bulbenklappe ausge­
bildet, so daB die entsprechenden Klappengehause ge­
geniiber den zugehorigen Stutzen erweitert sind. Als 
SchlieBkorper der Klappen finden drei Segel8 Verwen- 40 

dung. Auch die SchlieBkorper sind nahtlos in das jeweili-
ge Klappengehause integriert. Dies trifft auch auf die 
blutseitige Lage der Membran 10 zu, die an die Innen­
seite des Pumpengehauses angeformt ist. 

Die heiden Reduzierstticke 6 sind tiber einen geeigne- 45 

ten Schlauchbinder 13 mit dem zugehorigen Klappen­
gehause verbunden. 

Zur Herstellung der Pumpe mit integrierten Klappen 
wird wie folgt vorgegangen: 

Zuerst wird die obere Gehausehiilfte 2 zusammen mit 50 
den heiden Klappengehausen in einem Arbeitsgang 
thermogeformt. Hierzu wird eine mehrfach zerlegbare 
Positivform verwendet, die im Stutzenbereich die But­
ben fur die Aufnahme der Klappensegel besitzt. 

In entsprechender Weise wird die untere Gehause- 55 

halfte 3 geformt. 
Die fertiggeformte Gehausehalfte 2 wird dann von 

Materialresten freigeschnitten, auf einen Ring gespannt 
und fixiert. An diesem Ring wird das Tauchwerkzeug fiir 
die Segel der EinlaBklappe befestigt. Durch Ausschwen- 60 

ken mit PUR-Losung werden sowohl die Klappensegel 
hergestellt als auch das Pumpengehause von innen be­
schichtet. Der AbfluB der iiberschiissigen Kunststofflo­
sung erfolgt dabei durch die AuslaBoffnung, die z. T. 
abgedeckt wird, urn dort die Bulbenkontur durch die 65 

mehrfachen Beschichtungen nicht zu verandern. 
Nach Austrocknung werden die Segelkanten der Ein­

laBklappe aufgeschnitten oder aufgeschmolzen, urn 

Patentanspriiche 

1. Verdrangerpumpe zur Forderung von Blut mit 
einem Pumpengehause, einer als Forderorgan die­
nenden, im Pumpengehause angeordneten Mem­
bran, die das Pumpengehause in eine Blutkammer 
und eine Kammer ftir das Fordermedium unterteilt, 
einem EinlaBstutzen am Pumpengehause und ei­
nem AuslaBstutzen am Pumpengehause, dadurch 
gekennzeichnet, daB der EinlaBstutzen mit dem 
Gehause einer EinlaBklappe (4) und der AuslaB­
stutzen (9) mit dem Gehause (7) einer AuslaBklappe 
(5) einstiickig ausgebildet sind. 
2. Verdrangerpumpe nach Anspruch 1, dadurch ge­
kennzeichnet, daB EinlaB- und AuslaBklappe (4, 5) 
als Bulbenklappen ausgebildet sind, wobei die je­
weiligen Bulben einstiickig mit dem EinlaB- und 
AuslaBstutzen (9) ausgebildet sind. 
3. Verdrangerpumpe nach Anspruch 1 oder 2, da­
durch gekennzeichnet, daB der SchlieBkorper (8) 
der jeweiligen Klappe (4, 5) an das zugehorige 
Klappengehause (7) angeformt ist. 
4. Verdrangerpumpe nach Anspruch 3, dadurch ge­
kennzeichnet, daB die Klappe (5) als SchlieBkorper 
(8) mindestens ein Klappensegel aufweist. 
5. Verdrangerpumpe nach einem der vorangehen­
den Anspriiche, dadurch gekennzeichnet, daB das 
Pumpengehause ( t) zweigeteilt ist, wobei beide Ge­
hausehalften (2, 3) tiber eine Spanneinrichtung {11, 
12) miteinander verbunden sind. 
6. Verdrangerpumpe nach einem der vorangehen­
den Anspriiche, dadurch gekennzeichnet, daB die 
Membran (10) eine blutseitige Lage und eine dem 
Fordermedium zugewandte Lage aufweist. 
7. Verdrangerpumpe nach Anspruch 6, dadurch ge­
kennzeichnet, daB die blutseitige Membranlage an 
die lnnenseite des Pumpengehauses (1) angeformt 
ist. 
8. Verdrangerpumpe nach einem der vorangehen­
den Anspriiche, dadurch gekennzeichnet, daB Pum­
pengehause ( 1 ), Stutzen (9) und Klappengehause (7) 
auf ihren mit Blut in Beriihrung tretenden Fllichen 
mit einem biokompatiblen Material beschichtet 
sind. 
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9. Verdrangerpumpe nach einem der vorangehen­
den Ansprilche, dadurch gekennzeichnet, daB die 
KlappenschlieBkorper (8) a us biokompatiblem Ma­
terial bestehen. 
10. Verdrangerpumpe nach einem der vorangehen- 5 

den Ansprilche, dadurch gekennzeichnet, daB Pum­
pengehause ( 1 ), Stutzen (9) und Klappengehause (7) 
aus thermoplastischem Polyurethan bestehen. 
11. Verfahren zur Herstellung der Verdrangerpum-
pe nach einem der Ansprilche 1 bis 10, dadurch 10 

gekennzeichnet, daB Pumpengehause mit Stutzen 
und Klappengehause gemeinsam in einem Form­
vorgang hergestellt werden. 
12. Verfahren nach Anspruch 11, dadurch gekenn­
zeichnet, daB der Formvorgang ein Thermoform- 15 

vorgang ist. 
13. Verfahren nach Anspruch 11 oder 12, dadurch 
gekennzeichnet, daB es des weiteren den Schritt 
des Anformens der KlappenschlieBorgane durch 
Antauchen umfaBt. 20 

14. Verfahren nach Anspruch 13, dadurch gekenn­
zeichnet, daB gleichzeitig mit dem Anformen des 
EinlaBklappenschlieBorganes die Innenseite des 
Pumpengehauses mit dem Material fUr die Klap-
penschlieBorgane beschichtet wird. 25 

15. Verfahren nach einem der Ansprilche 11 bis 14, 
dadurch gekennzeichnet, es des weiteren den 
Schritt des Anformens der blutseitigen Membran­
lage durch Antauchen umfaBt. 
16. Verfahren nach Anspruch 15, gekennzeichnet JO 

durch die in der nachfolgend weitergegebenen Rei­
henfolge ablaufenden Schritte: 
Formen des Pumpengehauses mit integrierten 
Klappengehausen; 
Antauchen des EinlapklappenschlieBorganes mit 35 
gleichzeitiger Beschichtung der Innenseite des 
Pumpengehauses; 
Antauchen des AuslaBklappenschlieBorganes; und 
Antauchen der blutseitigen Membranlage. 
17. Verfahren nach einem der Ansprilche 11 bis 16, 40 

dadurch gekennzeichnet, daB das Pumpengehause 
in zwei Halften hergestellt wird und daB die beiden 
Halften nach der Anbringung der KlappenschlieB­
organe und der Membran miteinander verspannt 
w~~~ ~ 

Hierzu 2 Seite(n) Zeichnungen 

50 

55 

60 

65 

At 
8 
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DWPI Abstract (DE2355966A 1) 

Novelty 
The pump is used for circulating human blood and has an externally 
controllable volume-and pressure-time relationship for the fluid fed from the 
pump. The pump is coupled with a programmable store which is 
programmed according to the desired volume and/or pressure-time 
relationship and can be sensed in a time controlled manner. The pump is 
hydraulically driven and is connected with a servo valve which feeds 
hydraulic fluid to the pump according to the stored programme. A 
digital-analogue converter is connected after the store and its output signal 
controls the servo valve. There is an interpolator, connected to a maximum 
decoder and a command amplifier which passes commands on to the servo 
valve. 

Original Title: 

Pump arrangement, in particular for blood pumps 
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For gesteaerten operation of the stepping motor 25 according to the stored program read out from the memory 6, binary coded signals to a parallel-serial converter 26 is 
supplied, whose output- series signals reach a lmpalswandler 7, and then via the power amplifier 28 the stepper motor 25 to . Floating 

To the rotary actuator tune; the Schr'i ttmotors 25 according to the Proe; Ramm fe'stzu-lee; s is a Drehrichtungskennanc 29 connected to the memory 6, which operates via an 
electronic switch 30 to the pulse transformer 27 and ensures the correct direction of rotation of the stepping motor 25th 

Deviations of the stepping motor of the actual position warden erkompensation about the pedometer control 31 and the Schrittfeh -. 32 applied to the address counter 8 which 
produces a corresponding correction of the scan of the memory 6. 

If the blood pump 1 'for the operation of an artificial- heart used • as the systole and diastole must be determined. 

For controlling the duration of systole is an oxygen sensor 33 is used, which operates through an amplifier 34 to a frequency switch 35. This frequency switch determines the 
beat frequency in response to the output of the oxygen sensor 33rd 

A pressure sensor 36 monitors the pressure in the atrium of the artificial heart, and controls over the frequency switch 35 to the timing generator 7, so that the atrial pressure 
can not be negative. 

A pressure sensor 36 monitors the pressure in the atrium of the artificial heart, and controls over the frequency switch 35 to the timing generator 7, so that the atrial pressure 
can not be negative. 

The control portion of the pump arrangement according to Figure 3 can be, indicated by dashed lines UEE, build in the form of an integrated circuit, which is fed by a power 
source 37 which also energizes the stepping motor 25th 

In a modification of the pump arrangement according to Figure 3 can the memory 6 a Generator.126 with digital frequency selection are downstream, as is indicated in FIG. 4 
This generator produces in accordance with the binary coded outputs of the memory 6 different frequencies which are supplied to the pulse transformer 127, which drives the 
stepping motor with Seisen output pulses. 

Another possibility for driving the pump is the use of a directly working on the pump piston 2o1 linear motor 225. The opposite figure 3 modified part of the arrangement shown 
in Figure 5 • schematically. In this arrangement, the output signals of the memory 6 to a generator 226 with digital F- equenzwahl supplied whose changing output frequencies 
a turn- omgenerator 227 control which drives the linear motor 225 via the power amplifier 228th To control the direction of movement of Linearmotdrs serves a phase switch 
230, the paired with the memory 6- lt. 

While it has been assumed above assumes that the memory 6, a digital memory is of the digital or essentially binary coded output • providing signals of the memory can also be 
constructed so that its output signal is substantially in analog form. An example of this is shown in Figure 6. 
This memory schematically shown in Figure 6 has the form of a function generator and contains a number of resistors RP1 to RPm 'which are preferably adjustable. This 
counterclaim states, are at one end to a voltage source and the other end at the output of a demultiplexer 300, whose inputs are connected to the exits a- binary counter 301 •. 

When using this memory in a pump assembly for a blood pump, the binary counter 301 is input with a frequency 

finely 1 It * 1 I m 

operated, where tis the duration of the heartbeat period and m the number of resistors Rp is. The counter 301 then supplies during a flapping period m meter readings, which 
are the de-multiplexer 300 fed laying successively via its outputs resistors RPi to RPm to voltage. The voltage drop across this resistor iss an integrator 302 is supplied via a 
resistor for each singles g provided resistance whose A sgangssignale then the adjusted means of the lviderstande Rp program corresponds. 

A memory according to Figure 6 can be used to control the servo valve in the Pumpenan? Rdnung according to Figure 1 in spielsvmise without using a digital to analog I 
vandlers. 

Claims: 

1. A pump assembly comprising a pump with an externally controllable volume and I or pressure-time behavior of the pump for the fluid to be conveyed: characterized ge 
particular for blood pumps, ennzeichnet that the pump (1, 1 ')with a programmable memory (6) is coupled, which is per rammiert corresponding to the desired volume and I or 
pressure-time behavior and timed scanned. 

2. Pump arrangement according to claim 1, characterized in that the Pu pe (1) is connected hydraulically driven, and a servo valve (2) that the P MPE (1) in Abhane; accuracy 
from the stored ProR; supplying ram hydraulic fluid .. 

3. Pump arrangement according to claim 2, characterized in that the memory (6), a digital-to-analog converter (11) is connected downstream whose Ause; angssignal'im 
substantially controls the servo valve (2). 

4. Pump arrangement according to claim 3, characterized in that the output signal of the digital-to-analog converter (11) a maximum decoder (12 ') for generating a signal upon 
occurrence of the maximum amplitude of the output signal 
can be fed. 

5. Pump arrangement according to claim 1, characterized in that the pump (1 ')of a program corresponding to the stored controllable stepper motor (25) is drivable. 

6. A pump assembly according to claim 1, characterized in that the pump is a piston pump whose piston antreibbarist (201) of a program corresponding to the stored 
controllable linear motor (225). 

7. A pump assembly according to one of claims 1 to 6, characterized by a controllable timing generator (7) which is ver via an address counter (8) for temporal Abtastune the 
program stored to the memory (6) connected. 

8. A pump assembly according to claims 4 and 7, characterized in that the signal to the timing generator (7) can be fed. 

9. A pump assembly according to one of claims 1 to 8, characterized in that the actual pump is vereleichbar position with the target position and that the pump VergleichssiBnal 
determined to control the pump entsegen a deviation from the target is .verwendbar Pumpenstellunc. 

10. A pump assembly according to one of claims 1 to 9, characterized in that the memory (6) is a semiconductor memory. 

11. A pump assembly according to one of claims 1 to 9, characterized in that the memory contains a plurality of sequentially controllable resistors (Rp1. •• rpm), whose 
dimensions corresponds to the program, and sequentially that the .Hiderstande plexer of a demuxer ( 300) can be controlled, in time sequence to the output signals of a binary 
counter (301) can be fed. 

12. A pump assembly according to one of claims 1 to 11, characterized in that the memory (6) contains several programs for the volume undbder • nruck-time behavior and can 
be switched to the desired program. 

13. A pump assembly according to claim 12, characterized by a zero detector (23) for the output signal of the memory (6), the output to switch to another Prograim memory (6) 
coupled thereto. 
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Pumpenanordnung, insbesondere fUr· 

Blutpumpen 

Die Erfindung bezieht sich auf eine Pumpenanordnung mit 

einer Pumpe mit einem extern steuerbaren Volumen- und/oder 

Druck-Zeit-Verhalten fUr das von der Pumpe zu fordernde 

Fluid, insbesondere fUr Blutpumpen. 

Pumpen mit extern steuerbarem Volumen- und/oder Druck­

Zeit-Verhalten sind beispielsweise fur die Kraftstoff-

zufuhr zu Verbrennungsmotoren bekannt. Bei.diesen 

Pumpenanordnungen erfolgt die Steuerung des Volumen- un~/ 

oder Druck-Zeit-Verhaltens Ublicherweise rein mechanisch, 

und eine Steuer1:1ng ist i.ibl.icherweise nur in Abhangigkei t 

von_der Drehz&hl des Verbrennungsmotors moglich. 

Es gibt jedoch viele Anwendungsfalle, bei denen wahrend 

eines Arbeits~yklus der Pumpe eine bestimmte Forder- oder 

Druckkurve erwi.inscht ist. Ein derartiger Anwendungsfall 

ergibt sich beispielswei~e bei einer Blutpump~, die ins­

besondere dann, wenn sie mit einem kllnstlichen He~zen 

zusammenarbeitet, moglichst genau die 'rPumpcharakteristik; n 
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des natUrlichen Herzens nachahmen soll. Ferner sind der­

artige Pumpanordnungen unter andEfrem fur Beatmungsgerate, 

Dialysegerate, Herz-Lungen-Maschinen u.a. sowie auch fUr 

andere technische Gebiete erwUnscht. 

Urn bei einer Pumpanordnung der eingangs erwahnten Art 

ein gewunschtes Volumen- und/oder Druck-Zeit-Verhalten 

innerhalb des jeweiligen Zyklus der Pumpe, also eine he­

stimmte Pumpencharakteristik-zu erreichen, ist die P~mpe 

erfindunesgem~B mit einem programmierbaren Speicher ge­

koppelt, der entsprechend dem gewUnschten Volumen- und/oder 

Druck-Zeit-Verhalten programmiert und zeitlich gesteuert· 

abtastbar ist. 

In einen programmierbaren Speicher, der beispielsweise ein 

Halbleiterspeicher sein oder der eine Anzahl von nach­

einander ansteuerbaren Widerstanden enthalten kann, deren 

Dimensionierung- dem Programm entspricht, wobei die Wider­

stande nacheinander von einem Demultiplexer ansteuerbar 

sin'd, dem in zeitlicher Folge Ausgangssignale von einem 

Binarzahler zufuhrbar sind, laBt sich die gewunschte Pumpen­

charakteristik einge~en, so daB die Pumpe das zu fordernde 

Fluid innerhalb eines Arbeitszyklus entsprechend dem ein­

gespeicherten Programm fordert. 

FUr die Steuerung einer Blutpumpe la£t sich dadurch die 

Pumpcharakteristik des Herzens sehr genau nachahmen, so daB 

509821/0059 
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die sonst moglichen Schadigungen der Mikrozirkulation 

(vgl. NAS Publication No. 1283) vermieden werden. 

Die zu verwendende Pumpe kann hydraulisch antreibbar 

und mit einem Servoventil verbunden sein, das der Pumpe 

in Abhangigkeit vom gespeicherten Programm Hydraulik­

flUssigkeit zufUhrtr 

Es ist j edoch auch moglich, dj·e Pumpe von eiriem entspre­

chend dem gespe.icherten Prograrnm steuerbaren Schrittmotor 

antreibeil zu lassen, oder eine Kolbenpumpe zu verwenden, 

deren Xolben von einem entsprechend dem gespeicherten 

Programm steuerbaren Linearfuotor antreibbar ist. 

Urn das Programm des Speichers in dem gewUnschten zeitlichen 

Ablauf auslesen und zur Steuerung der Pumpe verwenden zu 

konnen, kann ein steuerbarer Zeitgenerator vorgesehen sein, 

der Uber einen Aftre~zahler zur zeitlichen Abtastung des 

gespeicherten Programms mit dem Speicher verbunden ist. 

Zur Erzielung des gewUnschten Zeitablaufes konnen dem Zeit- · 

generator besondere Steuersignale zugefUhrt werde~, die z.B. 

aus Me~werten gewonnen werden. Bei einer Blutpumpe konnen 

die Me.Bwerte aus dem Sauerstoffgehalt des Blutes und dem 

509.821/0059 
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Vorhofdruck des kUnstlichen Herzens gewonnen werden, so 

daB auf diese Weise der zeitliche Ablauf des gespeicher­

ten Programms beeinfluBt und verandert werden kann. 

Gegebenenfalls kann der Speicher auch verschiedene Pro-

·gramme fUr das Volumen- und/oder Druck-Zeit-Verhalten 

au~weisen~ und es kann au~ das gewunschte Programm ge­

schaltet werden. In diesem Fall kann in Abh~ngigkeit vom 

Ausgangssignal des Speichers, beispielsweise beim Null­

Durchgang des Ausgangssignals, auf ein anderes Programm 

im Speicher umgeschaltet werden. 

Wird eine hydraulisch antreibbare und mit einem Servo­

ventil verbundene Pumpe benutzt, so kann dem Speicher ein 

Digital-Analog-Handler nachgeschaltet sein, desRen Aus­

gangssignal im wesentlichen das Servoventil steuert. 

Das Ausgan£ssignal des Digital-Analog-Wandlers kann einem 

Maximum-Dekodierer zur Erzeugung eines Signals beim auf­

treten der maximalen Amplitude des Ausgangssignals zuge­

fuhrt werden. Ein derartiges Signal ist dann besonders 

vorteilhaft, wenn die Pumpenanordnung im Zusammenhang mit 

einer Blutpumpe zur UnterstUtzung des natiirlichen Blutkreis-

509821/0059 
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laufs benutzt '\vir'd, da dann das ·signal zu einer An­

passung des Betriebs der beiden Pumprnechanisrnen dienen 

kann. 

Die Erfindung 1;-tird im folgenden anhand der schernatischen 

Ausfuhrungsbeispiele. zeigenden Figuren naher erHiutert. 

Figur 1 zeigt in einern -Bloc .. kschaltbild eine Purnpenanordnung 

gerna.f?> der Erfindung mit einer Blutpurnpe·rnit Servoventil. 

Figur 2 zeigt schematis:ch die Pul:npe··mit dern mit ihr- ver­

bundenen Servoventil. 

Figur 3 z:eigt in einern Blockscha:ltbild eine andere Purnpen­

anordnung gernaE der Erfindung .. 

Figur 4 zeigt die dern Speicher nachgeschalteten-Elemente fur 

eine Abwandl~ng der Purnpenano'rdnung gerila.f?> Figur 3. 

Figur 5 ze·igt in einem Blockscbaltbild die J:tnderungen in 

der Purnpenanordnung gernaB Figur. 3· bei Verwendung einer von 

einem Linearmotor·angetriebenen Kolbenpurnpe. 

Figur 6 zeigt.schernatisch ein Ausfuhrungsbeispiel fur einen 

~0982t/0059. 
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in der Pumpenanordnung verwendbaren, programmierbaren 

Speicher. 

In dem Ausfuhrungsbeispiel gema.B Figur 1 ist eine Pumpen­

anordnung mit einer Blutpumpe 1 gczeigt, die von einem 

Servoventil 2 uber einen Servozylinder 3 und eine Fluid­

pumpe 4 gP.trieben wird. Der Aufbau dieses mechanischen 

Teils wird anhand von Figur 2 erHiutert werden. Das Servo­

ventil 2 und der Servozylinder 3 sind au.R>erdem mit e·iner 

Quelle 5 fur Hydraulikfluid verbunden. 

Zur Steuerung der Blutpumpe dient als wesentliches Element 

ein programmierbarer Speicher 6, der von bekannter Bauart 

sein kann, also z.B. ein Halbleiterspeicher, ein Kern~ 

speicher o. a. In die sen Speicher wird der gewihischte Ver­

lauf des Volumen- und/oder Druck-Zeit-Verhaltens der Pumpe 

eingespeichert, ·so daB die Pumpe durch Auslesen des Spei­

chers 6 entsprechend gesteuert werden kann. Urn den pro­

grammierten Speicher in zeitlicher Abhangigkeit auszulesen, 

ist ein Zeitgenerator 7 vorgesehen,. der uber einen Adre.B­

zahler 8 und eine X .... Anzei~e 9 den Speicher in vom Zeit­

generator vorgegebener Zeitfolge abfragt und so entsprechend 

dieser Zeitfolge den programmierten Verhaltensverlauf tiber 

eine Y-Anzeige 10 an eLnen Digital-Analog-Wandler 11 gibt. 

soss:21loo:ss 
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Das aus sich unstetig Andernden Gr6Ben bestehende Ausgangs­

signal dieses Wandle~s 11 wird zur Erzeugung eines sich nicht 

sprunghaft; Andernden Kurvenlaufes einem Interpolator 12 zu­

gefiihrt, dessen Ausgangssignal iiber einen·Regelverstarker_13 

zur Steuerung des Servoventils 2 dient. 

Bei Verwendung eines Ventils,wie es schematisch in Figur 2 

dargestellt ist, ergibt sich dann die folgende Arbeitsweise. 

Das mit der Pumpe 1 verbundene Servoventil 2 fiihrt von der 

Quelle~ 5 (Figur 1) entsprech~nd der Ansteuerung vom Regel­

verstArker 13 (Figur 1) dem Servozylinder 3 iiber den Ver­

bindungskanal 16 oder 17 Hydraulikfluid zu, so daB der 

Pumpenkolben 4 in Figur 2 nach rechts oder links verschoben 

wird. Nimmt man.hierzu an, daB ausgeh~nd von der Darstellung 

in Figur 2 Hydraulikfluid iiber den Kanal 17 zugefUhrt wird, 

so bewegt sich der Kolben 4 nach rechts und mit ihm der mit 

zwei gegeneinander geschal.teten Rollmembranen 14 und. 15 
' . 

abgedichtete Kolberr der Blutpumpe 1, d.h. es erfolgt ein An-

saugvorgang. Diese Bewegung des Kolbens 4 nach rechts erfolgt 

entsprechend dem im Speicher 6 (Figur 1) enthaltenen Programm, 

d.h. die Bewegung des Kolbens nach rechts kann sich zeitlich 

Andern, also in einzelnen Abschnitten schneller oder langsamer 

erfolgen, was durch eine entsprechende Zufuhr von Hydraulik­

fluid erreicht wird. Als Folge davon bewegt sich auch der 

Page 310 of 724 ABIOMED Ex. 1003



- 8 - 2355966 

Kolben der Blutpumpe entsprechend dem Programm im 

Speicher 6. Wie ohne weiteres klar ist, la~t sich ein 

entsprechender Bewegungsablauf auch bei einer Bewegung 

des Kolbens 4 nach links erreichen, indem das Hydraulik-

fluid vom Servoventil 2 gesteuert mittels des Programms 

aus dem Speicher 6 ilber den Kanal 16 zugefilhrt wird. 

Im allgemeinen muB Uberwacht werden~ ob die Bewegung des 

Kolbens im Servozylinder auch entsprechend dem vorgegebenen 

Programm erfolgt~ d.h. ob der Ist-Wert mit dem Soll-Wert 

ilbereinstimmt. Hierzu kann der Servozylinder 3 mit einem 

Weggeber 18 (Figur 1 und 2) verbunden sein, dessen 

Ausgangssignal dem Regelverstarker zugefilhrt wird, so 

daB bei Abweichung des Ist-Wertes vom Soll-Wert eine 

Regelung in Richtung auf den Soll-Wert, also eine 

Korrektur erfolgt. 

Wie bereits erwahnt, kann die Pumpenanordnung gema~ 

Figur 1 in Zusammenhang mit einer Blutpumpe benutzt werden. 

Hierbei konnen besondere Betriebsfalle auftreten, die in 

der Pumpenanordnung berilcksichtigt werden sollten. 

So andert sich das Verhaltnis der systolischen Zeit zur 

diastolischen Zeit des Herzens mit wachsender.Schlagfrequenz 
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in Richtung zu kOrzeren Diastoleri~eiten 3 d.h. dai im 

Speicher 6 enthaltene Programm muB an die Schlagfrequenz 

angepaBt bzw. mit dieser getlndert werden. Hierzu kann man 

dem Zeitgenerator 7 der Schlagfrequenz entsprechende Signale 

sowie Signale entsprechend der Systole und der Diastole 

zuf0hren 3 so da~ die zeitliche Abtastung deR Sp~ichers 6 

~ittels des Zeitgenerators 7 entsprechend der Schlagfrequenz 

geandert wird, also bei wachsender Schlagfrequenz eine Be-

rOcksichtigung der sich verklirzenden Diastolenzeiten er-

folgt. Es ist daher nicht erforderlich, das.Programm im 

Speicher zu andern, sondern es genOgt, wenn die zeitliche 

Ansteuerung des Speichers 6 zur Auslesung des Programms 

entsprechend verandert wird. 

Die Blutpumpenanordnung gemaB der Erfindung kann auch benut~t 

werden, urn die Blutpumpe unterstntzend fUr den natlirlichen 

Blutkreislauf einzusetzen. Hierzu kann·ein Elektrokardiogramm 

dienen, das Uber einen Differenzversta~ker 19, einen 

Trigger 20 und eine Verz6gerungsstufe 21 auf den Zeitgenera-

tor 7 arbeitet und so den zeitlichen Ablauf der Auslesung . 
des Programms im Spe1cher 6 steuert. 

Filr Modelluntersuchungen o.a. ist es haufig erwnnscht, zwischen 

verschiednen Programmen fUr den Betrieb der-Pumpe umschalten 

509621/0059 
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zu k8nnen, wobei vorzugsweise die verschiedenen Pro­

gramme bereits im Speicher 6 enthalten sind. Fur diese 

Urnschaltung ist ein Programrnschalter 22 vorgesehen, bei 

dessen Betatig~ng von einern Programm zu einem anderen 

Programrn ubergegangen wird. 

Urn jedoch zu verhindern, daB dieser tibergang zu einer 

sprungha~ten Zustandsanderung im Pumpkreislau~ fUhrt, 

kann an den Digital~Analog-Wandler 11 ein Nullpunkts­

detektor 23 angeschlossen sein, der den Nulldurchgang des 

Ausgangssignals vom Speicher 6 feststellt, d.h. den Tot­

punkt im Betrieb der Pumpe errnittelt und dann bei diesem 

Totpunkt Uber einen Zwischenspeicher 24 die Programmum-

schaltung im Speicher· 6 bewirkt, falls der Prograrnmschalter 

22 zuvor betatigt wurde. 

Figur 3 zeigt in einem Blockschaltbild ein etwas abge­

wandeltes Ausfuhrungsbeispiel der Erfindung, wobei wiederum 

eine Blutpumpe in Abhangigkeit von einem im Speicher 6 

gespeicherten Prgra~m gesteuert wird. Diese Blutpumpe 1' 

wird in diesem Fall von einem Schrittmotor 25 angetrieben, 

der sich in Abhangigkeit vern Programm schrittweise bewegt 

und so ein en~sprechendes Volumen- und/oder Druck-Zeit­

Verhalten der Pumpe hervorruft. 

509821/0059 
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Zum gesteaerten Betrieb des Schrittmotors 25 entsprechend 

dem gespeicherten Programm werden die aus dem Speicher 6 

ausgelesenen, binar kodierten Signale einem Parallel-Serien-

Umsetzer 26 zugeftihrt, dessen Ausgangs~Seriensignale in 

einen Irnpalswandler ~7 gelangen, urn dann tiber die Endstufe 28 

den Schrittmotor 25 zu treiben. 

Urn die Drehrichtune; des Schr'i ttmotors 25 entsprechend dem 

Proe;rarnm fe'stzu-lee;en, ist an den Speicher 6 eine Drehrichtungs-

kennanc 29 angeschlossen, die tiber einen elektronischen 

Schalter 30 auf den Irnpulswandler 27 arbeitet und die richtige 

Drehrichtung des Schrittmotors 25 sicherstellt. 

Abweichungen des Schrittrnotors von der Ist-Stellung werden 

tiber die Schrittzahlerkontrolle 31 und die Schrittfeh~er­

kornpensation.32 an den Adre.R>zahler 8 gegeben, der eine 

entsprechende Korrektur tiber die Abtastung des Speichers 6 

be\virkt. 

Wird die Blutpurnpe 1' fUr den Betrieb eines ktinstlichen 
. -

Herzens eingesetzt, ·so rntissen die Systole und die Diastole 

bestimmt werden. 

509821/0059 
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Zur Steuerung der Dauer der Systole wird ein Sauerstoff­

FUhler 33 verwendet, der tiber einen Verst~rker 34 auf 

einen Frequenzschalter 35 arbeitet. Dieser Frequenzschalter 

bestimmt die Schlagfrequenz in Abhangigkeit vom Ausgangs­

sienal des Sauerstoff-FUhlers 33. 

Ein Druckftihler 36 kontrolliert den Druck im Vorhof des 

kUnstlichen Herzens und steuert tiber den Frequenzschalter 35 

den Zeitgenerator 7 an, so daB der Vorhofdruck nicht negativ 

werden kann. 

Der Steuerteil der Pumpenanordnune gema8 Figur 3 la8t sich, 

\'lie gestrichelt angedeutet, in Form einer integrierten 

Schaltung aufbauen, die von einer Energiequelle 37 gespeist 

wird, welche auBerdem den Schrittmotor 25 erregt. 

In Abwandlung der Pumpenanordnung gemaB Figur 3 kann dem 

Speicher 6 auch ein Generator.126 mit digitaler Frequenz-

wahl nachgeschaltet werden, wie dies in Figur 4 angedeutet 

ist. Dieser Generator erzeugt entsprechend den binar kodierten 

Ausgangssignalen des Speichers 6 unterschiedliche Frequenzen, 

die dem Impulswandler 127 zugefilhrt werden, der mit se~nen 

Ausgangsimpulsen den Schrittmotor treibt. 

509821/0059 
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Eine weitere Antriebsmoglichkeit fUr die Pumpe besteht 

in der Verwendung eines unmittelbar auf den Pumpenkolben 

2o1 arbeitenden Linearmotors 225. Der gegenUber Figur 3 

abgeanderte Teil der Anordnung ist in Figur· 5 schematisch 

gezeigt. In dieser Anordnung werden die Ausgangssignale 

des Speichers 6 einem Generator 226 mit digitaler F~equenz­

wahl zugefUhrt, dessen sich andernde Ausgangsfrequenzen 

einen Drehst~omgenerator 227 steuern, der Uber die End-

stufe 228 den Linearmotor 225 treibt. Zur Steuerung der 

Bewegungsrichtung des Linearmotdrs dient ein Phasen­

schalter 230, der mit dem Speicher 6 gekopp~lt ist. 

Wahrend vorstehend davon ausgegangen wurde, daB der 
-

Speicher 6 ein digitaler Speicher ist, der im wesentlichen 

digi tale bzw. binar kodierte Ausgangs·signale liefert, kann 

der Speicher auch so aufgebaut sein, daB sein Ausgangssignal 

im wesentlichen analoge Form hat. Ein Beispiel hierfilr ist 

in Figur 6 dargestellt. 

Dieser in Figur 6 schematisch dargestellte Speicher hat die 

Form eines Funktionsgenerators und enthalt eine Anzahl von 

Widerstanden RP1 bis RPm' die vorzugsweise regelbar sind; 

Diese Widerstande liegen mit einem Ende an einer Span-, 

nungsquelle und mit dem anderen Ende am Ausgang eines 

Demultiplexers 300, dessen Eingange mit den Ausg~ngen 

eines- Biriar.zahlers · 301 verbunden sind·. 

5 o s a 2 1 1 o o 5, s 
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Bei Verwendung dieses Speichers in einer Pumpenanordnung 

- fUr eine Blutpumpe wird der Binarzahler 301 mit einer 

Eingangsfrequenz 

f . =-1- . 1 
el.n t m 

betrieben, 

wobei t die Dauer der Herzsehlagperiode und m die Anzahl 

der Widerstande Rp ist. Der Zahler 301 liefert dann 

wahrend einer Schlagperiode m Zahlerstande, die dem De-

multiplexer 300 zugefuhrt werden, der nacheinander tiber 

seine Ausgange die Widerstande RPi bis RPm an Spannung legt. 

Der Spannungsabfall an diesen Widerstanden wird Uber einen 

fUr jeden Widerstand g~sondert vorgesehenen Widerstand ~s 

einem Integrator 302 zugefUhrt~ dessen A~sgangssignale dann 

dem mittels der \viderstande Rp eingestellten Programm 

entspricht. 

Ein Speicher gema.B Fi~ur 6 kann benutzt werden, urn bei­

spielsvmise ohne Verwendung eines Digi tal-Analog-\vandlers 

das Servoventil in der Pumpenan?rdnung gema.B Figur 1 zu 

steuern. 

609S21/00S9 
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Patentansprilche: 

~ Pumpenanordnung mit einer Pumpe mit einem extern 

steuerbaren Volumen- und/oder Druck-Zeit-Verhalten 

fur das von der Pumpe zu fordernde Fluid: insbesondere 

fur Blutpumpen, dadurch ge~ennzeichnet, daB die Pumpe (1,1') 

mit einem programmierbaren Speicher (6) gekoppelt ist, der 

entsprechend dem gewunschten Volumen- und/oder Druck-

Zeit-Verhalten pro~rammiert und zeitlich gesteuert 

abtastbar ist. 

2. Pumpenanordnung nach Anspruch 1, dadurch gekennzeichnet, 

daB die Pu~pe (1) hydraulisch antreibbar und mit eincm 

Servoventil (2) verbunden ist, das der P~mpe (1) in 

Abhane;igkeit vom gespeicherten Pror.;ramm Hyd.caulikfluid 

zufUhrt. 

3. Pumpenanordnung nach Anspruch 2, dadurch gekennzeichnet, 

daB dem Speicher (6) ein Digital-Analog-Wandler (11) 

nachgeschaltet ist, dessen Ause;angssignal'im wesentlichen 

das Servoventil (2) steuert. 

4. Pumpenanordnune; nach Anspruch 3, dadurch gekennzeichnet, 

daB das Ausgangssignal des Digital-Analog~Wandlers (11) 

einem Maximum-Dekodierer (12') zur Erzeugung eines Signals 

beim Auftreten der maximalen Amplitude des Ausgangssir:;nals 

zufiihrbar· ist. 
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5. Pumpenanordnung nach Anspruch 1, dadurch gekennzeichnet, 

daB die Pumpe (1') von einem entsprechend dem ee­

speicherten Programm steuerbaren Schrittmotor (25) 

antreibbar ist. 

6. Pumpenanordnung nach Anspruch 1, dadurch gekennzeichnet~ 

daB die Pumpe eine Kolbenpumpe ist, deren Kolben (201) 

von einem entsprechend dem gespeicherten P:::>ogramm 

steuerbaren Linearmotor (225) antreibbar ist. 

1. Pumpenanordnung nach einem der Anspruche 1 bis 6, 

gekennzeichnet durch einen steuerbaren Zeitgenerator (7), 

der tiber einen AdreBzahler (8) zur zeitlichen Abtastune 

des gespeicherten Programms mit dem Speicher (6) ver­

bunden ist. 

8. Pumpenanordnung nach den Ansprllchen 4 und 7, dadurch 

gekennzeichnet, daB das Signal dem Zeitgenerator (7) 

zufuhrbar ist. 

9. Pumpenanordnung nach einem der Ansprliche 1 bis 8, 

dadurch gekennzeichnet, daB die Ist-Pumpenstellung 

mit der Soll-Pumpenstellung vereleichbar ist und daE 

das ermittelte VergleichssiEnal zur Steuerung der 

Pumpe entsegen einer Abweichune von der Soll-Pumpenstellunc 

.verwendbar ist. 

509921/0059 
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10. Pumpenanordnung nach einem der AnsprUche 1-bis 9, 

dadurch gekennzeichnet, daB der Speicher (6) ein 

Halbleiterspeicher ist. 

11. ·Pumpenanordnung nach einem der AnsprUche 1 bis 9, 

dadurch gekennzeichnet, daB der Speicher eine Anzahl 

von nacheinander ansteuerbaren WiderstAnden (Rp1 .•• RPm~ 

enthalt, deren Dimensionierung dem Programm entspricht, 

und daB die .Hiderstande nacheinander von einem Demulti­

plexer (300) ansteuerbar sind, dem in zeitlicher Folge 

Ausgangssignale von einem Binarzahler (301) zufUhrbar 

sind. 

12. Pumpenanordnung nach einem der AnsprUche 1 bis 11, 

dadurch gekennzeichnet, daB der Speicher (n) verschie­

dene Programme fUr das Volumen- undbder·nruck-Zeit­

Verhalten enthalt und auf das gewUnschte Programm 

schaltbar is.t. 

~3. Pumpenanordnung nach Anspruch 12, gekennzeichnet durch 

einen Nullpunkt-Detektor (23) fUr das Ausgangssignal 

des Speichers (6), dessen Ausgang zur Umschaltung auf 

ein anderes Progra~~ im Speicher (6) mit diesem gekoppelt 

ist. 

su:cm 
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[DE] blood pump as a centrifugal pump 
[EN] centrifugal pump used as blood pump - uses fluid pressure bearing to hold impeller in 
required position 
[EN] The centrifugal pump is used as a blood pump. It has a housing (10) forming the pump chamber (13) Which has to inlet (11) and at outlet 
(13). 
The pumping chamber encloses vanes of the impeller (15) Which is equipped with (14) and is mounted on bearings (17). The bearing system 
supports the impeller (15) so did a gap (21) is FORMED Between the impeller and the housing (1 0). This gap is filled with a special fluid Supplied 
from a source (30). 
A sensor (33) senses the boundary between the fluid and the special blood and controls the pressure of the fluid source in order to keep the 
boundary between blood and fluid in a defined position. USE I ADVANTAGE- Blood pump, with impellers supported in a fluid bearing with 
separate fluid to reduce friction and Minimise damage to blood. 
The blood pump comprises a closed pump housing (1 0) having an inlet (11) and an outlet (13). In the housing there is an external rotation of the 
drive driven rotor (15) supporting the impeller (14). Those parts of the rotor, which are in mechanical contact with other parts, are included in a 
cavity (18). A fluid source (30) provides a displacement fluid (F) under pressure into a gap system (21) that surrounds the rotor. The displacing 
fluid displaces blood and keeps the blood from those components remotely, where wall friction. 
A sensor (33) detects the limit (G) between the blood (B) and displacement fluid (F) in the gap system (21) and regulates the fluid source (30) so 
that said limit (G) assumes a defined position. 
Page 1 --- (BI, AB) 
Page 2 --- (DE) 
[0001] The invention relates to a blood pump as centrifugal pump, comprising a rotating impeller in umpenraum which conveys the blood from an 
inlet to an outlet. 
[0002]1n centrifugal pumps which have a rotor with vane, a part of the pumped medium with bearings or seals come into contact. 
If such centrifugal pumps used as a blood pump for pumping blood from a patient, then the contact of blood with bearings or shaft seals cause 
blood damage by damaging blood cells are destroyed or get in foreign materials of bearings or seals in the blood. Furthermore, blood clots can 
occur in the seal area, which lead to dysfunction of the blood pump and the patient at risk by local temperature increases or dead spots. 
[0003] WO 85/01 436, a blood pump is known, a continuous current flows in along the shaft carrying the impeller from a blood-compatible purge 
fluid, which opens at the shaft end in the pump chamber. The cleaning fluid keeps impurities away from the blood and flushes the annular gap 
surrounding the shaft. A disadvantage is that the cleaning fluid passes into the blood and thus the blood that necessarily foreign materials are 
supplied. 
[0004] The invention has for its object to provide a blood pump in which no rubbing parts are present, which may come into contact with the 
blood, and in which the possibility of the penetration of a foreign fluid in the blood is reduced to a minimum , 
[0005] This object is achieved according to the invention with the features specified in claim. 1 
[0006]1n the blood pump of the invention, those parts which are in rubbing contact during pump operation, such. As the pivot bearing device, 
separated by a gap system of the pump chamber. In this system a gap displacement fluid is directed from the outside, which forms a generally 
fixed phase boundary between fluid and blood, which keeps the blood from the related frictional parts. 
This phase boundary is only very small contact surfaces inside the gap system with the blood into contact, so that the risk of ingress of foreign 
substances in the blood is very low. It should be noted that the phase boundary is stationary and that take place on the border between blood 
and displacement fluid practically no radial movements. Nevertheless, the displacement fluid should be blood compatible. When displacement 
fluid are liquids or gases, eg. As saline, carbon dioxide or helium are suitable. The blood comes into contact only with walls that are not in 
frictional contact with any point, so that no damage to the blood are to be feared by shear stresses of the blood or entries of foreign bodies in the 
blood. There is also no constant flow of displacement fluid and in particular no permanent insertion of a foreign fluid in the blood. 
[0007] The blood pump according to the invention is particularly suitable as a disposable item that is discarded after use. The pump housing is, 
except for the ports for the blood and for the displacement fluid, completely encapsulated. The drive of the rotor from the outside by magnetic 
coupling. In this way, the blood pump can be manufactured without the associated drive device as a very cost-effective one-off items, consisting 
only of the pump housing, the rotor therein with impeller and the rotary bearing device. The rotor body includes for 
Drive coupling required magnets. 
This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and formulas may be of 
unsatisfactory quality. 
[0008] Advantageously, a sensor device is provided which detects the boundary between displacement fluid and blood in the gap system and 
regulates the fluid source such that the limit always remains in the area of ??the sensor device. In this way it is ensured by adding or removing 
fluid displacement that penetrates the blood within the gap system down to a precisely defined point. 
[0009] The rotational supporting means is located inside the rotor in a cavity which faces away from the impeller. This cavity can be sealed by a 
seal against the invading into it fixed to the housing shaft carrying the rotor. The seal is also located in the protected from the blood by the 
displacement fluid region. 
[001 0] The invention is applicable to any type of centrifugal pumps, namely, radial, axial or diagonal pump. 
[0011]1n the following is explained in detail with reference to the single figure of the drawing shows an embodiment of the invention. 
[0012] The drawing shows a schematic longitudinal section through the blood pump. 
[0013] The blood pump shown comprises a closed pump housing 10, which is substantially cylindrical and has at one end an axial inlet 11. The 
inlet 11 leads into the pump chamber 12, branches off from the radial outlet 13. In the pump chamber 12 is located the impeller 14, which is part 
of the rotor 15, which is rotatably supported in the pump housing. The rotor 15 is supported by a shaft 16 which is fixedly attached to the pump 
housing 10 and projects into the housing interior. The shaft 16 transmits the rotational bearing means 17, which store consists of a ball or a slide 
bearing and disposed in a cavity 18 of the rotor 15. The cavity 18 is a blind hole, which is open only to the rear of the rotor 15 back, so to that 
side which is the inlet 11 and the impeller 14 turned away. The cavity 18 is there by a ring 19 containing a seal 20 closed. The seal 20 provides 
the sealing of the cavity 18 to the passage of the shaft 16. 
[0014] Around the periphery of the rotor 15 extends, the cleavage system 21, which consists of the space between the rotor periphery and the 
inner wall of the pump housing 10. This splitting system 21, which is in communication with the pump chamber 12, the rotor 15 surrounds on all 
sides. 
Only the shaft 16 bridges this gap system at one location. The splitting system 21 forms the periphery of the rotor a meandering path, caused by 
the fact that the rotor 15 has a radially extending flange 22 which dips into an inner groove 23 of the pump housing. The splitting system 21 
extends around the flange 22 around the pump room 12th 
[0015] At the rear side remote from the impeller 14 of the rotor 15 are inserted in these magnets 24. Comprises the drive of the rotor 15 is 
effected by the external rotary drive 26, the magnets 27 and is rotated by a (not shown) motor. The magnets 27 pull at her round the magnets 24 
with, thereby causing a magnetic coupling between the rotary drive 26 and the rotor 15. The wall of the pump housing 10 is for magnetic fields 
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permeable, ie, the pump housing is z. B. plastic. 
[0016] The splitting system 21 has a pump housing provided at the terminal 28, which is connected via a hose 29 with an external fluid source 30. 
This fluid source is in the illustrated embodiment consists of a syringe pump 31, at which a syringe 32 is mounted. The syringe plunger is pushed 
forward by the syringe pump 31 (or withdrawn), while the syringe barrel is retained. In this way, fluid can be withdrawn from the 32befindet in the 
syringe, pumped into the gap 21 or system. 
[0017]1n the region of the groove 23 10 is located in the wall of the pump housing, a sensor 33, which can distinguish between blood and fluid 
displacement. The output of the sensor 33 is a controller 34 is supplied, which the fluid source 30 controls such that the boundary G is always 
equal to the sensor 33 between blood Band displacement fluid F. 
[0018] The fluid source 30 delivers to the splitting system 21 displacement fluid under pressure. This displacement fluid drives the blood system in 
the gap as far forward (toward the pump chamber 12), until the limit G adjusts to the height of the sensor 33rd If the blood pump is set in function, 
so the rotor 15 is driven by the rotary drive 26, the blood pump pumps blood from the inlet 11 to the outlet 13. The front portion of the rotor 15, 
including the front side of the flange 22, communicates with the blood B in touch, while the rear portion of the 
Rotor solely with the displacement fluid F comes into contact. The only parts of the rotor 15 where wall friction may occur, the bearings of the 
rotation-support apparatus 17 are and the seal 20. Of these parts, the blood is kept out by the displacement fluid. 
[0019] The system 21 the gap forming gaps have a width such that in them no blood damage can be done by shear stresses, ie a minimum width 
of about 0.5 mm. 
[0020] can be used either a liquid or a gas as a displacement fluid. If the displacement fluid is a gas, this should be a gas whose penetration is 
harmless in the blood, eg. As carbon dioxide or helium. 
Having the first blood pump as centrifugal pump with a pump housing (1 0) having a pump chamber (12) having an inlet (11) and an outlet (13), one 
in the pump chamber (12) rotating impeller (14) and one of the pump housing ( 1 0) enclosed and connected to the impeller (14) rotor (15) with a 
rotary bearing device (17) is mounted on the pump housing, characterized in that the rotary bearing device (17) of the pump chamber (12) through 
a gap system (21) separately and in that the cracking system is connected to a fluid source (30), giving it a displacement fluid to (F) and in a phase 
boundary between the blood and the fluid for keeping the blood (B) of the rotary bearing device (17) maintains. 2. The blood pump according to 
claim 1, characterized in that the splitting system (21) at least one border (G) between blood (B) and displacement fluid (F) declaratory sensor (33) 
which regulates the fluid source (30) such that the limit (G) in the range of the sensor (33) remains. 3. The blood pump according to claim 2, 
characterized in that the sensor (33) in the region of radial branch of the gap system (21) is arranged between an annular groove (23) of the pump 
housing (1 0) and one from the rotor (15) projecting 
Flange (22) is formed. 4. The blood pump according to any one of claims 1 to 3, characterized in that the rotor (15) arranged with an outside of the 
pump housing (10), rotary drive (26) is coupled through a housing wall through magnetic and that the pump housing (10), with the exception the 
connections for blood and fluid displacement, is completely encapsulated. 5. The blood pump of one of claims 1 to 4, characterized in that the 
rotary bearing device (17) in a cavity (18) at the impeller (14) facing away from the rotor (15) is arranged. 6. The blood pump according to one of 
claims 1 to 5, characterized in that the containing of the rotary bearing device (17) cavity (18) with 
a seal (20) against the rotary bearing device (17) carrying the axle (16) is sealed. 7. The blood pump of one of claims 1 to 6, characterized in that 
the rotary bearing device (17) on a pump casing (1 0) fixed axis (16) sits. 8. The blood pump of one of claims 1 to 7, characterized in that the gap 
system (21) of the inner wall of the pump housing and the outer surface of the rotor (15) is limited. 
Page 4 ---(DR) 
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@ Blutpumpe als Kreiselpumpe 

@ Die Blutpumpe weist eine geschlossenes Pumpengehiiuse 
(10) auf, mit einem EinlaB {11) und einem AuslaB (13). In dem 
Gehiiuse befindet sich der von einem externen Rotationsan­
trieb angetriebene Rotor (15), der das Flugelrad (14) triigt. 
Diejenigen Teile des Rotors, die in mechanischer Beruhrung 
mit anderen Teilen stehen, sind in einem Hohlraum (18) 
enthalten. Eine Fluidquelle (30) liefert ein Verdrangungsfluid 
(F) unter Druck in ein Spaltsystem (21), das den Rotor 
umgibt. Das Verdrangungsfluid verdrangt Blut und halt das 
Blut von denjenigen Komponenten fern, an denen Wandrei­
bung auftritt. Ein Sensor (33) ermittelt die Grenze (G) 
zwischen Blut (B) und Verdrangungsfluid (F) im Spaltsystem 
(21) und regelt die Fluidquelle (30) so, daB die Grenze (G) 
eine definierte Position annimmt. 
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Beschreibung 

Die Erfindung betrifft eine Blutpumpe als Kreisel­
pumpe, mit einem im Pumpenraum rotierenden Flilgel­
rad, welches das Blut von einem EinlaB zu einem AuslaB 
befordert. 

Bei Kreiselpumpen, die einen Rotor mit Fliigelrad 
aufweisen, kommt ein Teil des Fordermediums mit La­
gern oder Dichtungen in Berilhrung. Werden solche 
Kreiselpumpen als Blutpumpe zum Fordern von Blut 
eines Patienten eingesetzt, so kann die Beriihrung des 
Blutes mit Lagern oder Wellendichtungen zu Blutscha­
digungen fiihren, indem Blutzellen zerstort werden oder 
Fremdmaterialien von Lagern oder Dichtungen in das 
Blut hineingelangen. Ferner konnen durch lokale Tem­
peraturerhohungen oder Totwassergebiete Thromben 
im Dichtungsbereich auftreten, die zu Funktionsstorun­
gen an der Blutpumpe und zur Gefahrdung des Patien­
ten fiihren. 

Aus WO 85/01 436 ist eine Blutpumpe bekannt, bei 
der entlang der das Flilgelrad tragenden Welle ein kon­
tinuierlicher Strom aus einem blutkompatiblen Reini­
gungsfluid flief3t, der am W ellenende in den Pumpen­
raum einmilndet. Das Reinigungsfluid halt Verunreini­
gungen vom Blut fern und spillt den die Welle umgeben­
den Ringspalt Nachteilig ist, daf3 das Reinigungsfluid in 
das Blut gelangt und daB somit dem Blut notwendiger­
weise Fremdstoffe zugefilhrt werden. 

Der Erfindung liegt die Aufgabe zugrunde, eine Blut­
pumpe zu schaffen, bei der keine reibenden Teile vor­
handen sind, die mit dem Blut in Bertihrung kommen 
konnen, und bei dem die Moglichkeit des Eindringens 
von fremdem Fluid in das Blut auf ein Mindestmaf3 ver­
ringert ist. 

Die Losung dieser Aufgabe erfolgt erfindungsgemaB 
mit denim Patentanspruch 1 angegebenen Merkmalen. 

Bei der erfindungsgemaBen Blutpumpe sind diejeni­
gen Teile, die beim Pumpenbetrieb in reibender Beriih­
rung stehen, wie z. B. die Drehlagereinrichtung, durch 
ein Spaltsystem von dem Pumpenraum getrennt. In die­
ses Spaltsystem wird von auf3en her ein Verdrangungs­
fluid geleitet, das eine generell feststehende Phasen­
grenze zwischen Fluid und Blut bildet, welches das Blut 
von den in Reibberilhrung stehenden Teilen fernhalt. 
Diese Phasengrenze kommt nur an sehr kleinen Beriih­
rungsfliichen innerhalb des Spaltsystems mit dem Blut in 
Kontakt, so daf3 die Gefahr des Eindringens von Fremd­
stoffen in das Blut sehr gering ist. Dabei ist zu berilck­
sichtigen, daf3 die Phasengrenze stationar ist und daB an 
der Grenze zwischen Blut und Verdrangungsfluid prak­
tisch keine radialen Bewegungen stattfinden. Dennoch 
sollte das Verdrangungsfluid blutkompatibel sein. Als 
Verdrangungsfluid eignen sich Flilssigkeiten oder Gase, 
z. B. Kochsalzlosung, Kohlendioxid oder Helium. Das 
Blut kommt nur mit solchen Wanden in Bertihrung, die 
nicht in Reibkontakt mit irgendeiner Stelle stehen, so 
daB keine Blutschadigungen durch Scherbeanspruchun­
gen des Blutes oder Eintragen von Fremdkorpern in das 
Blut zu befiirchten sind. Es erfolgt auch keine standige 
Stromung des Verdrangungsfluids und insbesondere 
kein standiges Eintragen eines Fremdfluids in das Blut. 

Die erfindungsgemaBe Blutpumpe eignet sich beson­
ders als Einmalartikel, der nach Gebrauch entsorgt wird. 
Das Pumpengehause ist, mit Ausnahme der Anschlilsse 
filr Blut und fiir das Verdrangungsfluid, vollstandig ge­
kapselt. Der Antrieb des Rotors erfolgt von auBen 
durch magnetische Kopplung. Auf diese Weise kann die 
Blutpumpe ohne die zugehorige Antriebsvorrichtung 

2 
als sehr kostengiinstiger Einmalartikel hergestellt wer­
den, der nur aus dem Pumpengehause, dem darin enthal­
tenen Rotor mit Flilgelrad und der Drehlagereinrich­
tung besteht. Der Rotorkorper enthalt die fiir die An-

5 triebskopplung erforderlichen Magnete. 
ZweckmaBigerweise ist eine Sensoreinrichtung vor­

gesehen, die die Grenze zwischen Verdrangungsfluid 
und Blut in dem Spaltsystem feststellt und die die Fluid­
quelle derart regelt, daf3 die Grenze stets im Bereich der 

10 Sensoreinrichtung verbleibt. Auf diese Weise wird 
durch Zuftihren oder Abfilhren von Verdrangungsfluid 
sichergestellt, daf3 das Blut innerhalb des Spaltsystems 
bis zu einer genau definierten Stelle vordringt. 

Die Drehlagereinrichtung befindet sich im lnnern des 
15 Rotors in einem Hohlraum, der dem Flilgelrad abge­

wandt ist. Dieser Hohlraum kann durch eine Dichtung 
gegenilber dem in ihn eindringenden gehausefesten 
Schaft, der den Rotor tragt, abgedichtet sein. Die Dich­
tung befindet sich ebenfalls in dem durch das Verdran-

20 gungsfluid vor dem Blut geschiltzten Bereich. 
Die Erfindung ist bei jeder Art von Kreiselpumpen 

anwendbar, namlich bei Radial-, Axial- oder Diagonal­
pumpen. 

Im folgenden wird unter Bezugnahme auf die einzige 
25 Figur der Zeichnung ein Ausftihrungsbeispiel der Erfin­

dung naher erlautert. 
Die Zeichnung zeigt einen schematischen Langs­

schnitt durch die Blutpumpe. 
Die dargestellte Blutpumpe weist ein geschlossenes 

30 Pumpengehause 10 auf, das im wesentlichen zylindrisch 
ist und an einem Ende einen axialen Einlaf3 11 hat. Der 
EinlaB 1 1 fiihrt in den Pumpenraum 12 hinein, von dem 
radial der Auslaf3 13 abgeht. In dem Pumpenraum 12 
befindet sich das Flilgelrad 14, das Bestandteil des Ro-

35 tors 15 ist, welcher im Pumpengehause drehbar gelagert 
ist. Der Rotor 15 wird von einem Schaft 16 getragen, der 
am Pumpengehause 10 fest angebracht ist und in das 
Gehauseinnere hineinragt. Der Schaft 16 tragt die Dreh­
lagereinrichtung t 7, die aus Kugel lag ern oder einem 

40 Gleitlager besteht und in einem Hohlraum 18 des Ro­
tors 15 angeordbet. Der Hohlraum 18 ist ein Sackloch, 
das nur zur Rilckseite des Rotors 15 hin offen ist, also zu 
derjenigen Seite, die dem EinlaB 11 und dem Fltigelrad 
14 abgewandt ist. Der Hohlraum 18 ist dort durch einen 

45 Ring 19, die eine Dichtung 20 enthalt, verschlossen. Die 
Dichtung 20 bewirkt die Abdichtung des Hohlraums 18 
gegen den Durchgang des Schafts 16. 

Urn den Umfang des Rotors 15 erstreckt sich das 
Spaltsystem 21, das aus dem Zwischenraum zwischen 

50 dem Rotorumfang und der Innenwand des Pumpenge­
hauses 10 besteht. Dieses Spaltsystem 21, das mit dem 
Pumpenraum 12 in Verbindung steht, umgibt den Rotor 
15 allseitig. Nur der Schaft 16 ilberbruckt an einer Stelle 
dieses Spaltsystem. Das Spaltsystem 21 bildet am Urn-

55 fang des Rotors einen maanderformigen Weg, der da­
durch entsteht, daB der Rotor 15 einen radial abstehen­
den Flansch 22 aufweist, der in eine innere Nut 23 des 
Pumpengehauses eintaucht. Das Spaltsystem 21 verlauft 
urn den Flansch 22 herum zum Pumpenraum 12. 

60 Ander dem Fliigelrad 14 abgewandten Rtickseite des 
Rotors 15 sind in diesen Magnete 24 eingelassen. Der 
Antrieb des Rotors 15 erfolgt durch den externen Rota­
tionsantrieb 26, der Magnete 27 aufweist und von einem 
(nicht dargestellten) Motor gedreht wird. Die Magnete 

65 27 ziehen bei ihrem Umlauf die Magnete 24 mit und 
bewirken dadurch einen magnetische Kopplung zwi­
schen dem Rotationsantrieb 26 und dem Rotor 15. Die 
Wand des Pumpengehauses tO ist fur magnetische Fel-
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der durchllissig, d. h. das Pumpengehause besteht z. B. 
aus Kunststoff. 

Das Spaltsystem 21 weist einen am Pumpengehause 
vorgesehenen AnschluB 28 auf, der tiber eine Schlauch­
leitung 29 mit einer externen Fluidquelle 30, verbunden 5 

ist. Diese Fluidquelle besteht bei dem dargestellten Aus­
fiihrungsbeispiel aus einer Spritzenpumpe 31, an wel­
cher eine Spritze 32 befestigt wird. Der Spritzenkolben 
wird von der Spritzenpumpe 31 vorgeschoben (oder 
zurilckgezogen), wahrend der Spritzenzylinder festge- 10 

halten wird. Auf diese Weise kann Fluid, das sich in der 
Spritze 32 befindet, in das Spaltsystem 21 eingepumpt 
oder aus diesem abgezogen werden. 

Im Bereich der Nut 23 befindet sich in der Wand des 
Pumpengehauses 10 ein Sensor 33, der zwischen Blut 15 

und Verdrangungsfluid unterscheiden kann. Das Aus­
gangssignal des Sensors 33 wird einem Regier 34 zuge­
filhrt, welcher die Fluidquelle 30 derart steuert, daB sich 
die Grenze G zwischen Blut B und Verdrangungsfluid F 
stets in Hohe des Sensors 33 befindet. 20 

Die Fluidquelle 30 liefert in das Spaltsystem 21 Ver­
drangungsfluid unter Druck. Dieses Verdrangungsfluid 
treibt das Blut in dem Spaltsystem so we it nach vorne (in 
Richtung auf den Pumpenraum 12), bis sich die Grenze 
G auf die Hohe des Sensors 33 einstellt. Wird die Blut- 25 

pumpe in Funktion gesetzt, also der Rotor 15 durch den 
Rotationsantrieb 26 angetrieben, so fordert die Blut­
pumpe Blut von dem EinlaB 11 zum AuslaB 13. Der 
vordere Bereich des Rotors 15, einschlieB!ich der Vor­
derseite des Flansches 22, steht mit dem Blut B in Beriih- 30 

rung, wahrend der riickwartige Bereich des Rotors aus­
schlieBlich mit dem Verdrangungsfluid Fin Beriihrung 
kommt. Die einzigen Teile des Rotors 15, an denen 
W andrei bung auftreten kann, sind die Lager der Drehla­
gervorrichtung 17 und die Dichtung 20. Von diesen Tei- 35 

len wird das Blut durch das Verdrangungsfluid fernge­
halten. 

Die das Spaltsystem 21 bildenden Spalte haben eine 
solche Breite, daB in ihnen keine Blutschadigung durch 
Scherbeanspruchungen erfolgen kann, d. h. eine Min- 40 

destbreite von etwa 0,5 mm. 
Als Verdrangungsfluid kann entweder eine Fliissig­

keit oder ein Gas benutzt werden. Sofern das Verdran­
gungsfluid ein Gas ist, sollte dieses ein Gas sein, dessen 
Eindringen in das Blut unschadlich ist, z. B. Kohlendi- 45 

oxid oder Helium. 

Patentanspriiche 

1. Blutpumpe als Kreiselpumpe mit einem Pumpen- so 
gehause (10), das einen Pumpenraum (12) mit einem 
EinlaB (11) und einem AuslaB (13) aufweist, einem 
in dem Pumpenraum (12) rotierenden Fliigelrad 
(14) und einem von dem Pumpengehause (10) um­
schlossenen, mit dem Fliigelrad (14) verbundenen 55 

Rotor (15), der mit einer Drehlagereinrichtung (17) 
am Pumpengehause gelagert ist, dadurch gekenn­
zeichnet, daB die Drehlagereinrichtung (17) von 
dem Pumpenraum (12) durch ein Spaltsystem (21) 
getrennt ist und daB das Spaltsystem an eine Fluid- 60 

quelle (30) angeschlossen ist, die ihm ein Verdran­
gungsfluid (F) zufiihrt und dadurch eine Phasen­
grenze zwischen Blut und Fluid zum Fernhalten des 
Blutes (B) von der Drehlagereinrichtung (17) auf-
rechterhli.lt. 65 

2. Blutpumpe nach Anspruch 1, dadurch gekenn­
zeichnet, daB das Spaltsystem (21) mindestens ei­
nen die Grenze (G) zwischen Blut (B) und Verdran-

4 
gungsfluid (F) feststellenden Sensor (33) aufweist, 
der die Fluidquelle (30) derart regelt, daB die Gren­
ze (G) im Bereich des Sensors (33) verbleibt. 
3. Blutpumpe nach Anspruch 2, dadurch gekenn­
zeichnet, daB der Sensor (33) im Bereich eines ra­
dialen Zweiges des Spaltsystems (2t) angeordnet 
ist, der zwischen einer Ringnut (23) des Pumpenge­
hauses (tO) und einem vom Rotor (15) abstehenden 
Flansch (22) gebildet ist. 
4. Blutpumpe nach einem der Anspriiche 1 bis 3, 
dadurch gekennzeichnet, daB der Rotor (15) mit 
einem auBerhalb des Pumpengehauses (10) ange­
ordneten Rotationsantrieb (26) durch eine Gehau­
sewand hindurch magnetisch gekoppelt ist und daB 
das Pumpengehause (10), mit Ausnahme der An­
schltisse ftir Blut und Verdrangungsfluid, vollstan­
dig gekapselt ist. 
5. Blutpumpe nach einem der Anspriiche 1 bis 4, 
dadurch gekennzeichnet, daB die Drehlagereinrich­
tung (17} in einem Hohlraum, (18) an der dem Flii­
gelrad (14) abgewandten Seite des Rotors {15) an­
geordnet ist. 
6. Blutpumpe nach einem der Anspriiche l bis 5, 
dadurch gekennzeichnet, dal3 der die Drehlagerein­
richtung {17} enthaltende Hohlraum (18) mit einer 
Dichtung (20) gegen eine die Drehlagereinrichtung 
( 1 7) tragende Achse ( 16) abgedichtet ist. 
7. Blutpumpe nach einem der Anspriiche 1 bis 6, 
dadurch gekennzeichnet, daB die Drehlagereinrich­
tung (17) auf einer am Pumpengehause (tO) befe­
stigten Achse (16) sitzt. 
8. Blutpumpe nach einem der Anspriiche 1 bis 7, 
dadurch gekennzeichnet, daB das Spaltsystem (21) 
von der lnnenwand des Pumpengehauses und der 
AuBenflache des Rotors (15) begrenzt ist. 

Hierzu 1 Seite(n) Zeichnungen 
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[DE]Biutpumpe als Kreiselpumpe 

[EN]Centrifugal pump used as blood pump - uses fluid pressure bearing to hold impeller in 
required position 

[EN]The centrifugal pump is used as a blood pump. It has a housing (1 0) forming the pump chamber (13) which has an inlet (11) and an outlet (13). 
The pump chamber encloses an impeller (15) which is equipped with vanes (14) and is mounted on bearings (17). The bearing system supports the 
impeller (15) so that a gap (21) is formed between the impeller and the housing (1 0). This gap is filled with a special fluid supplied from a source (30). 
A sensor (33) senses the boundary between the special fluid and the blood and controls the pressure of the fluid source in order to keep the boundary 
between blood and fluid in a defined position. USE/ADVANTAGE- Blood pump, with impeller supported in a fluid bearing with separate fluid to reduce 
friction and minimise damage to blood. 

Die Blutpumpe weist eine geschlossenes Pumpengehause (1 0) auf, mit einem Einlal3 (11) und einem Auslal3 (13). In dem Gehause befindet sich der 
von einem externen Rotationsantrieb angetriebene Rotor (15), der das FIOgelrad (14) tragt. Diejenigen Teile des Rotors, die in mechanischer BerOhrung 
mit anderen Teilen stehen, sind in einem Hohlraum (18) enthalten. Eine Fluidquelle (30) liefert ein Verdrangungsfluid (F) unter Druck in ein Spaltsystem 
(21 ), das den Rotor umgibt. Das Verdrangungsfluid verdrangt Blut und halt das Blut von denjenigen Komponenten fern, an denen Wandreibung auftritt. 
Ein Sensor (33) ermittelt die Grenze (G) zwischen Blut (B) und Verdrangungsfluid (F) im Spaltsystem (21) und regelt die Fluidquelle (30) so, dal3 die 
Grenze (G) eine definierte Position annimmt. 

Seite 1 --- (81, AB) 

Seite 2 --- (DE) 

[0001] Die Erfindung betrifft eine Blutpumpe als Kreiselpumpe, mit einem im Pumpenraum rotierenden FIOgelrad, welches das Blut von einem Einlal3 
zu einem Auslal3 befi:irdert. 

[0002] Bei Kreiselpumpen, die einen Rotor mit FIOgelrad aufweisen, kommt ein Teil des Fi:irdermediums mit Lagern oder Dichtungen in BerOhrung. 
Werden solche Kreiselpumpen als Blutpumpe zum Fi:irdern von Blut eines Patienten eingesetzt, so kann die BerOhrung des Blutes mit Lagern 
oder Wellendichtungen zu Blutschadigungen fOhren, indem Blutzellen zersti:irt werden oder Fremdmaterialien von Lagern oder Dichtungen in das 
Blut hineingelangen. Ferner ki:innen durch lokale Temperaturerhi:ihungen oder Totwassergebiete Thromben im Dichtungsbereich auftreten, die zu 
Funktionssti:irungen an der Blutpumpe und zur Gefahrdung des Patienten fOhren. 

[0003] Aus WO 85/01 436 ist eine Blutpumpe bekannt, bei der entlang der das FIOgelrad tragenden Welle ein kontinuierlicher Strom aus einem 
blutkompatiblen Reinigungsfluid fliel3t. der am Wellenende in den Pumpenraum einmOndet. Das Reinigungsfluid halt Verunreinigungen vom Blut fern 
und spOit den die Welle umgebenden Ringspalt. Nachteilig ist, dal3 das Reinigungsfluid in das Blut gelangt und dal3 somit dem Blut notwendigerweise 
Fremdstoffe zugefOhrt werden. 

[0004] Der Erfindung liegt die Aufgabe zugrunde, eine Blutpumpe zu schaffen, bei der keine reibenden Teile vorhanden sind, die mit dem Blut in 
BerOhrung kommen ki:innen, und bei dem die Mi:iglichkeit des Eindringens von fremdem Fluid in das Blut auf ein Mindestmal3 verringert ist. 

[0005] Die Li:isung dieser Aufgabe erfolgt erfindungsgemal3 mit den im Patentanspruch 1 angegebenen Merkmalen. 
[0006] Bei der erfindungsgemal3en Blutpumpe sind diejenigen Teile, die beim Pumpenbetrieb in reibender BerOhrung stehen, wie z. B. die 

Drehlagereinrichtung, durch ein Spaltsystem von dem Pumpenraum getrennt. In dieses Spaltsystem wird von aul3en herein Verdrangungsfluid geleitet, 
das eine generell feststehende Phasengrenze zwischen Fluid und Blut bildet, welches das Blut von den in ReibberOhrung stehenden Teilen fernhalt. 
Diese Phasengrenze kommt nur an sehr kleinen BerOhrungsflachen innerhalb des Spaltsystems mit dem Blut in Kontakt, so dal3 die Gefahr des 
Eindringens von Fremdstoffen in das Blut sehr gering ist. Dabei ist zu berOcksichtigen, dal3 die Phasengrenze stationar ist und dal3 an der Grenze 
zwischen Blut und Verdrangungsfluid praktisch keine radialen Bewegungen stattfinden. Dennoch sollte das Verdrangungsfluid blutkompatibel sein. Als 
Verdrangungsfluid eignen sich FIOssigkeiten oder Gase, z. B. Kochsalzli:isung, Kohlendioxid oder Helium. Das Blut kommt nur mit solchen Wanden 
in BerOhrung, die nicht in Reibkontakt mit irgendeiner Stelle stehen, so dal3 keine Blutschadigungen durch Scherbeanspruchungen des Blutes oder 
Eintragen von Fremdki:irpern in das Blut zu befOrchten sind. Es erfolgt auch keine standige Stri:imung des Verdrangungsfluids und insbesondere kein 
standiges Eintragen eines Fremdfluids in das Blut. 

[0007] Die erfindungsgemal3e Blutpumpe eignet sich besonders als Einmalartikel, der nach Gebrauch entsorgt wird. Das Pumpengehause ist, mit 
Ausnahme der AnschiOsse fOr Blut und fOr das Verdrangungsfluid, vollstandig gekapselt. Der Antrieb des Rotors erfolgt von aul3en durch magnetische 
Kopplung. Auf diese Weise kann die Blutpumpe ohne die zugehi:irige Antriebsvorrichtung als sehr kostengOnstiger Einmalartikel hergestellt werden, 
der nur aus dem Pumpengehause, dem darin enthaltenen Rotor mit FIOgelrad und der Drehlagereinrichtung besteht. Der Rotorki:irper enthalt die fOr die 
Antriebskopplung erforderlichen Magnete. 
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This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and formulas may be of unsatisfactory 
quality. 

[0008] ZweckmaBigerweise ist eine Sensoreinrichtung vorgesehen, die die Grenze zwischen Verdrangungsfluid und Blut in dem Spaltsystem 
feststellt und die die Fluidquelle derart regelt, daB die Grenze stets im Bereich der Sensoreinrichtung verbleibt. Auf diese Weise wird durch Zufuhren 
oder AbfUhren von Verdrangungsfluid sichergestellt, daB das Blut innerhalb des Spaltsystems bis zu einer genau definierten Stelle vordringt. 

[0009] Die Drehlagereinrichtung befindet sich im lnnern des Rotors in einem Hohlraum, der dem Flugelrad abgewandt ist. Dieser Hohlraum kann 
durch eine Dichtung gegenuber dem in ihn eindringenden gehausefesten Schaft, der den Rotor tragt, abgedichtet sein. Die Dichtung befindet sich 
ebenfalls in dem durch das Verdrangungsfluid vor dem Blut geschutzten Bereich. 

[0010] Die Erfindung ist bei jeder Art von Kreiselpumpen anwendbar, namlich bei Radial-, Axial- oder Diagonalpumpen. 
[0011] lm folgenden wird unter Bezugnahme auf die einzige Figur der Zeichnung ein AusfUhrungsbeispiel der Erfindung naher erlautert. 
[0012] Die Zeichnung zeigt einen schematischen Langsschnitt durch die Blutpumpe. 
[0013] Die dargestellte Blutpumpe weist ein geschlossenes Pumpengehause 10 auf, das im wesentlichen zylindrisch ist und an einem Ende einen 

axialen EinlaB 11 hat. Der EinlaB 11 fUhrt in den Pumpenraum 12 hinein, von dem radial der AuslaB 13 abgeht. In dem Pumpenraum 12 befindet sich 
das Flugelrad 14, das Bestandteil des Rotors 15 ist, welcher im Pumpengehause drehbar gelagert ist. Der Rotor 15 wird von einem Schaft 16 getragen, 
der am Pumpengehause 10 fest angebracht ist und in das Gehauseinnere hineinragt. Der Schaft 16 tragt die Drehlagereinrichtung 17, die aus Kugel 
lagern oder einem Gleitlager besteht und in einem Hohlraum 18 des Rotors 15 angeordnet. Der Hohlraum 18 ist ein Sackloch, das nur zur Ruckseite 
des Rotors 15 hin often ist, also zu derjenigen Seite, die dem EinlaB 11 und dem Flugelrad 14 abgewandt ist. Der Hohlraum 18 ist dort durch einen Ring 
19, die eine Dichtung 20 enthalt, verschlossen. Die Dichtung 20 bewirkt die Abdichtung des Hohlraums 18 gegen den Durchgang des Schafts 16. 

[0014] Urn den Umfang des Rotors 15 erstreckt sich das Spaltsystem 21, das aus dem Zwischenraum zwischen dem Rotorumfang und der 
lnnenwand des Pumpengehauses 10 besteht. Dieses Spaltsystem 21, das mit dem Pumpenraum 12 in Verbindung steht, umgibt den Rotor 15 allseitig. 
Nur der Schaft 16 uberbruckt an einer Stelle dieses Spaltsystem. Das Spaltsystem 21 bildet am Umfang des Rotors einen maanderformigen Weg, der 
dadurch entsteht, daB der Rotor 15 einen radial abstehenden Flansch 22 aufweist, der in eine innere Nut 23 des Pumpengehauses eintaucht. Das 
Spaltsystem 21 verlauft urn den Flansch 22 herum zum Pumpenraum 12. 

[0015] Ander dem Flugelrad 14 abgewandten Ruckseite des Rotors 15 sind in diesen Magnete 24 eingelassen. Der Antrieb des Rotors 15 erfolgt 
durch den externen Rotationsantrieb 26, der Magnete 27 aufweist und von einem (nicht dargestellten) Motor gedreht wird. Die Magnete 27 ziehen bei 
ihrem Umlauf die Magnete 24 mit und bewirken dadurch einen magnetische Kopplung zwischen dem Rotationsantrieb 26 und dem Rotor 15. Die Wand 
des Pumpengehauses 10 ist fUr magnetische Felder 
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durchlassig, d. h. das Pumpengehause besteht z. B. aus Kunststoff. 
[0016] Das Spaltsystem 21 weist einen am Pumpengehause vorgesehenen AnschluB 28 auf, der uber eine Schlauchleitung 29 mit einer externen 

Fluidquelle 30, verbunden ist. Diese Fluidquelle besteht bei dem dargestellten AusfUhrungsbeispiel aus einer Spritzenpumpe 31, an welcher eine 
Spritze 32 befestigt wird. Der Spritzenkolben wird von der Spritzenpumpe 31 vorgeschoben (oder zuruckgezogen), wahrend der Spritzenzylinder 
festgehalten wird. Auf diese Weise kann Fluid, das sich in der Spritze 32befindet, in das Spaltsystem 21 eingepumpt oder aus diesem abgezogen 
werden. 

[0017] lm Bereich der Nut 23 befindet sich in der Wand des Pumpengehauses 10 ein Sensor 33, der zwischen Blut und Verdrangungsfluid 
unterscheiden kann. Das Ausgangssignal des Sensors 33 wird einem Regier 34 zugefUhrt, welcher die Fluidquelle 30 derart steuert, daB sich die 
Grenze G zwischen Blut B und Verdrangungsfluid F stets in Hohe des Sensors 33 befindet. 

[0018] Die Fluidquelle 30 liefert in das Spaltsystem 21 Verdrangungsfluid unter Druck. Dieses Verdrangungsfluid treibt das Blut in dem Spaltsystem 
so weit nach vorne (in Richtung auf den Pumpenraum 12), bis sich die Grenze G auf die Hohe des Sensors 33 einstellt. Wird die Blutpumpe in Funktion 
gesetzt, also der Rotor 15 durch den Rotationsantrieb 26 angetrieben, so fordert die Blutpumpe Blut von dem EinlaB 11 zum AuslaB 13. Der vordere 
Bereich des Rotors 15, einschlieBiich der Vorderseite des Flansches 22, steht mit dem Blut Bin Beruhrung, wahrend der ruckwartige Bereich des 
Rotors ausschlieBiich mit dem Verdrangungsfluid Fin Beruhrung kommt. Die einzigen Teile des Rotors 15, an denen Wandreibung auftreten kann, sind 
die Lager der Drehlagervorrichtung 17 und die Dichtung 20. Von diesen Teilen wird das Blut durch das Verdrangungsfluid ferngehalten. 

[0019] Die das Spaltsystem 21 bildenden Spalte haben eine solche Breite, daB in ihnen keine Blutschadigung durch Scherbeanspruchungen erfolgen 
kann, d. h. eine Mindestbreite von etwa 0,5 mm. 

[0020] Als Verdrangungsfluid kann entweder eine Flussigkeit oder ein Gas benutzt werden. Sofern das Verdrangungsfluid ein Gas ist, sollte dieses 
ein Gas sein, dessen Eindringen in das Blut unschadlich ist, z. B. Kohlendioxid oder Helium. 
1. Blutpumpe als Kreiselpumpe mit einem Pumpengehause (10), das einen Pumpenraum (12) mit einem EinlaB (11) und einem AuslaB (13) 
aufweist, einem in dem Pumpenraum (12) rotierenden Flugelrad (14) und einem von dem Pumpengehause (10) umschlossenen, mit dem Flugelrad 
(14) verbundenen Rotor (15), der mit einer Drehlagereinrichtung (17) am Pumpengehause gelagert ist, dadurch gekennzeichnet, daB die 
Drehlagereinrichtung (17) von dem Pumpenraum (12) durch ein Spaltsystem (21) getrennt ist und daB das Spaltsystem an eine Fluidquelle (30) 
angeschlossen ist, die ihm ein Verdrangungsfluid (F) zufUhrt und dadurch eine Phasengrenze zwischen Blut und Fluid zum Fernhalten des Blutes (B) 
von der Drehlagereinrichtung (17) aufrechterhalt. 2. Blutpumpe nach Anspruch 1, dadurch gekennzeichnet, daB das Spaltsystem (21) mindestens einen 
die Grenze (G) zwischen Blut (B) und Verdrangungsfluid (F) feststellenden Sensor (33) aufweist, der die Fluidquelle (30) derart regelt, daB die Grenze 
(G) im Bereich des Sensors (33) verbleibt. 3. Blutpumpe nach Anspruch 2, dadurch gekennzeichnet, daB der Sensor (33) im Bereich eines radialen 
Zweiges des Spaltsystems (21) angeordnet ist, der zwischen einer Ringnut (23) des Pumpengehauses (10) und einem vom Rotor (15) abstehenden 
Flansch (22) gebildet ist. 4. Blutpumpe nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, daB der Rotor (15) mit einem auBerhalb des 
Pumpengehauses (10) angeordneten Rotationsantrieb (26) durch eine Gehausewand hindurch magnetisch gekoppelt ist und daB das Pumpengehause 
(10), mit Ausnahme der Anschlusse fUr Blut und Verdrangungsfluid, vollstandig gekapselt ist. 5. Blutpumpe nach einem der Anspruche 1 bis 4, dadurch 
gekennzeichnet, daB die Drehlagereinrichtung (17) in einem Hohlraum, (18) an der dem Flugelrad (14) abgewandten Seite des Rotors (15) angeordnet 
ist. 6. Blutpumpe nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB der die Drehlagereinrichtung (17) enthaltende Hohlraum (18) mit 
einer Dichtung (20) gegen eine die Drehlagereinrichtung (17) tragende Achse (16) abgedichtet ist. 7. Blutpumpe nach einem der Anspruche 1 bis 6, 
dadurch gekennzeichnet, daB die Drehlagereinrichtung (17) auf einer am Pumpengehause (10) befestigten Achse (16) sitzt. 8. Blutpumpe nach einem 
der Anspruche 1 bis 7, dadurch gekennzeichnet, daB das Spaltsystem (21) von der lnnenwand des Pumpengehauses und der AuBenflache des Rotors 
(15) begrenzt ist. 
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Abstract 
The guide wire is inserted with the inner wire (13) 
completely accommodated inside the outer cover (1 0) 
until it is blocked by the narrowing or obstruction of the 
coronary artery. The outer cover is pulled back, exposing 
the inner wire equipped with a tip designed as a ball (16) 
of the same diameter as the inner wire (14) attached to 
a narrower transition area (15). The forces created by 
the blood streaming around the ball shaped tip move the 
tip towards and finally through the narrowing followed by 
the outer cover. 
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® Fuhrungsdraht fur einen Katheter 
@ Der Fuhrungsdraht besteht aus einem auBeren Draht­

strang (10), der als Hohlstrang ausgebildet ist und einem 
darin verschiebbaren lnnenstrang (13). Der Drahtstrang 
(10) hat an seinem distalen Ende eine gebogene Fuh­
rungsspitze (11 ), die bei derVerlegung des Fuhrungsdrah­
tes als Steuerungselement oder Wegfinder wirkt. Bei Er-
reichen einer GefaBverengung, die von dem auBeren 
Drahtstrang nicht ohne weiteres passiert werden kann, 
wird der auBere Drahtstrang (10) zuruckgezogen. An dem 
nun aus dem Drahtstrang herausragenden Vorderab-
schnitt (15) des lnnenstranges befindet sich ein Kopf (16), 
an dem die Stromungskraft des Blutstromes angreift. Da-
durch kann eine komplexe und enge Stenose von dem 
Fuhrungsdraht durchdrungen werden, ohne dass die Ge-
fahr einer Beschadigung des BlutgefaBes oder des Ablo-
sens von Ablagerungen besteht. 

13 12 

11. 

BUNDESDRUCKEREI 08.01 101 420/374/1 
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Beschreibung 

[0001] Die Erfindung betrifft einen Fiihrungsdraht fiir ei­
nen Katheter mit einem langgestreckten Drahtstrang, der am 
distalen Ende eine Fiihrungsspitze aufweist. 

ringerten Durchmessers, damit an der Riickfiache des Kop­
fes die Stromungskraft des Blutstromes angreifen kann. 
[0007] Die Fiihrungsspitze wird von dem auBeren Draht­
strang gebildet. Die Fiihrungsspitze, die vorgebogen ist, er-

5 moglicht es, den Fiihrungsdraht bei zuriickgezogenem In­
nenstrang in iiblicher Weise zu plazieren. Erst wenn die zu 
passierende Stenose erreicht ist, wird der Innenstrang aus 
dem auBeren Drahtstrang ausgefahren, vorzugsweise urn die 

[0002] Es ist bekannt, Koronarstenosen durch perkutane 
Dilatation mit einem Ballonkatheter zu erweitern oder zu 
beseitigen. Voraussetzung fiir die erfolgreiche Durchfiih­
rung einer Ballondilatation ist, class zunachst ein dunner 
Fiihrungsdraht durch die Stenose hindurchgeschoben wird. 10 

Dies kann insbesondere bei langstreckigen, hochgradigen 
und unregelmaBig konturierten Stenosen schwierig sein. Es 
gibt Falle, in denen es auch bei Verwendung unterschiedli­
cher Fiihrungsdrahte nicht moglich ist, eine Stenose zu pas­
sieren. Manchmal kommt es bei dem Versuch der Rekanali- 15 

Lange des veijiingten Vorderabschnitts. Dann greift an dem 
Kopf die Kraft der Blutstromung an, die den Innenstrang 
durch die Stenose hindurchspiilt. 
[0008] Im folgenden wird unter Bezugnahme auf die 
Zeichnungen ein Ausfiihrungsbeispiel der Erfindung naher 
erlautert. 
[0009] Es zeigen: 

sation einer komplexen Stenose zu einem Eindringen des 
Fiihrungsdrahtes in die GeHillwand, zu einem AblOsen eines 
Teiles der GefaBwand (Dissektion) oder zum VerschluB des 
GefaBes. Dies birgt die Gefahr eines Myokardinfarktes oder 
sogar des Todes des Patienten. 
[0003] Die zum Legen eines Ballonkatheters iiblichen 
Fiihrungsdrahte bestehen aus einem Drahtstrang, der etwa 
1,40 m lang ist und einen Durchmesser von etwa 0,35 mm 
(= 0,014 inch) hat. Am distalen Ende des Drahtstranges be­
finder sich eine weichelastische Fiihrungsspitze oder eine 
plastisch verformbare Fiihrungsspitze, die es erlaubt, an 
Verzweigungen des BlutgefaBsystems durch Drehen des 
Fiihrungsdrahtes den gewiinschten Weg zu verfolgen. Be­
kannt ist ferner ein Fiihrungsdraht, der als Rekanalisations­
draht verwendet wird und an seinem distalen Ende einen 
Kopf in Form einer kleinen Olive tragt. Die Olive wird als 
stumpfer StoBel zum AufstoBen von Hindernissen benutzt. 
[0004] Der Erfindung liegt die Aufgabe zugrunde, einen 
Fiihrungsdraht zu schaffen, der imstande ist, auch komplexe 
Stenosen zu passieren. 
[0005] Die Losung dieser Aufgabe erfolgt erfindungsge­
maB mit den im Anspruch 1 angegebenen Merkmalen. Hier­
nach ist der Fiihrungsdraht zweiteilig ausgebildet. Er besteht 
a us einem als Hohlstrang ausgebildeten auBeren Drahtstrang 
und einem darin langsverschiebbaren Innenstrang. Am di­
stalen Ende des Innenstranges befindet sich ein verdickter 
Kopf. Die proximale Flache dieses Kopfes client als Stro­
mungsangriffsfiache fiir den in dem BlutgefaB stromenden 
Blutstrom. Die auf diese Weise auf den Kopf ausgeiibte 
Stromungskraft ern16glicht ein passives Einschwemmen des 
Innenstranges zum Passieren der Stenose. Hierbei kann der 
AuBenstrang mitgenommen oder auch nachtraglich nachge­
schoben werden. Die Erfindung erleichtert das Plazieren ei­
nes Fiihrungsdrahtes, tiber den ein Ballonkatheter gescho­
ben werden soll, in der Stenose eines BlutgefaBes. Dabei 
wird die Kraft des Blutstromes ausgenutzt, damit der Innen­
strang die Stenose passieren kann. Die Verlegung des Fiih­
rungsdrahtes erfolgt ohne stocherndes AnstoBen an die Ge­
faBwand oder die Stenose, so class nicht die Gefahr von Ge­
faBverletzungen oder Materialablosungen besteht. Der Fiih­
rungsdraht wird vollkommen atraumatisch eingefiihrt, da er 
nicht aktiv durch Manipulation bewegt wird sondern an den 
entscheidenden Stellen passiv im Blutstrom mitschwimmt. 
Der Fiihrungsdraht ist daher ein "passiver" oder "ein­
schwemmbarer" Fiihrungsdraht. 

[0010] Fig. 1 einen schematischen Langsschnitt durch den 
Fiihrungsdraht, und 
[0011] Fig. 2 den distalen Bereich des Fiihrungsdrahtes 
nach dem Zuriickziehen des auBeren Drahtstranges. 

20 [0012] Der dargestellte Fiihrungsdraht weist einen als 
Hohlstrang ausgebildeten auBeren Drahtstrang 10 auf, der 
eine Lange von etwa 1,40 m und einen AuBendurchmesser 
von etwa 0,35 mm hat. Der Drahtstrang 10 besteht vorzugs­
weise aus einem schraubenfOrmig gewickelten diinnen 

25 Draht. Das vordere Ende des Drahtstranges 10 ist als Fiih­
rungsspitze 11 ausgebildet. Es ist formbar, so class es mog­
lich ist, den Draht bis vor der kritischen Stenose aktiv zu 
steuern. Der Hauptteil 12 des Drahtstranges 10 ist gerade, 
jedoch so fie xi bel, class er sich Biegungen des GefaBsystems 

30 anpassen kann. 
[0013] In dem auBeren Drahtstrang 10 verlauft ein Innen­
strang 13 aus einem diinnen Draht, der in dem Drahtstrang 
verschiebbar ist. Der Innenstrang 13 besteht aus einem lang­
gestreckten Hauptteil14 und einem Vorderabschnitt 15 ver-

35 ringerten Durchmessers. Der Vorderabschnitt 15 endet in ei­
nem Kopf 16, der hier als Kugel ausgebildet ist. Der Durch­
messer des Kopfes 16 ist gleich dem Durchmesser des 
Hauptteils 14, so class der gesamte Innenstrang in dem Lu­
men des auBeren Drahtstranges 12 verschoben werden kann. 

40 Der Vorderabschnitt 15 hat hier einen konischen Verlauf. 
Seine Lange betragt 10-20 mm. Der Kopf 16 befindet sich 
an dem diinnen Ende. Der Vorderabschnitt 15 ist wesentlich 
weicher als der Hauptteil14 des Innenstranges 13. 
[0014] Der zweiteilige Fiihrungsdraht wird in dem in Fig. 

45 1 dargestellten Zustand percutan in das GefaBsystem des Pa­
tienten eingefiihrt. Dabei ist der Vorderabschnitt des Innen­
stranges hinter die Fiihrungsspitze 11 zuriickgezogen. Die 
Fiihrungsspitze 11 ist daher in diesem Zustand unverstarkt 
und die gebogene. Fiihrungsspitze client als Wegfinder fiir 

50 den Fiihrungsdraht. 
[0015] Wenn die Fiihrungsspitze 11 eine Stenose erreicht 
hat, die sie nicht durchdringen kann, wird der auBere Draht­
strang 10, aus dessem proximalen Ende der Innenstrang 14 
herausragt, zuriickgezogen, so class die Fiihrungsspitze 11 

55 gestreckt wird und der Vorderabschnitt 15 des Innenstranges 
13 aus dem auBeren Drahtstrang 10 heraus vorsteht. Derden 
Fiihrungsdraht umspiilende Blutstrom greift nun an dem 
verdickten Kopf 16 an und zieht den Innenstrang 13 durch 
die Stenose. AnschlieBend kann der auBere Drahtstrang 10 

60 nachgeschoben werden. Uber den auBeren Drahtstrang 10 
wird anschlieBend ein (nicht dargestellter) Ballonkatheter 
geschoben. Der Ballonkatheter kann fiir die Dilatation des 
BlutgefaBes oder auch zum Setzen eines Stents benutzt wer­
den. 

[0006] GemaB einer bevorzugten Ausgestaltung der Erfin­
dung ist der Vorderabschnitt, an dem der Kopf angeordnet 
ist, weicher als der iibrige Innenstrang. Der Vorderabschnitt 
kann aus einem sehr diinnen Zugdraht bestehen oder aus ei­
ner sich zu dem Kopf hin veijiingenden Spitze. Der Durch- 65 

messer des Kopfes ist vorzugsweise etwa so groB wie derje­
nige des iibrigen Innenstranges (mit Ausnahme des Vorder­
abschnitts). Der Vorderabschnitt bildet einen Abschnitt ver-

Patentanspriiche 

1. Fiihrungsdraht fiir einen Katheter, mit einem lang-
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gestreckten Drahtstrang (10), der am distalen Ende 
eine Fiihrungsspitze (11) aufweist, dadurch gekenn­
zeichnet, dass der Drahtstrang (10) als Hohlstrang aus­
gebildet ist und einen Hingsverschiebbaren Innenstrang 
(13) enthiilt, und dass am distalen Ende des Innenstran- 5 

ges (13) ein Kopf (16) angeordnet ist. 
2. Fiihrungsdraht nach Anspruch L dadurch gekenn­
zeichnet, dass der Kopf (16) an einem Vorderabschnitt 
(15) des Innenstranges (13) von gegeniiber dem Innen­
strang (13) verkleinertem Durchmesser angeordnet ist. 10 

3. Fiihrungsdraht nach Anspruch 2, dadurch gekenn­
zeichnet, dass der Vorderabschnitt (15) weicher ist als 
der Hauptteil (14) des Innenstranges (13). 
4. Fiihrungsdraht nach einem der Anspriiche 1-3, da­
durch gekennzeichnet, dass die Fiihrungsspitze (11) 15 

aus einem formbaren Drahtabschnitt besteht. 
5. Fiihrungsdraht nach einem der Anspriiche 1-4, da­
durch gekennzeichnet, dass der AuBendurchmesser des 
Drahtstranges (10) maximal 0,5 mm betriigt. 

Hierzu 1 Seite(n) Zeichnungen 
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Abstract 
The device has a heart catheter (1 0) with a dilation 
balloon at the far end, a guide wire movable within a 
catheter main lobe, a balloon lobe passing through the 
catheter and joined to the dilation balloon and a high 
pressure pump (31) connected to the main lobe for 
generating a pressure of 5 bar maximum. The pump is 
connected to a fluid source (33, 34) that delivers an 
artificial blood product enriched with oxygen. Independent 
claims are also included for the following: a method of 
dilating a constriction in a coronary vessel. 
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@ Dilatationsvorrichtung fur HerzkranzgefaBe 
@ Ein Herzkatheter (10), der an seinem distalen Ende ei­

nen Dilatationsballon tragt, wird durch die Aorta (AO) bis 
in eine Herzkranzarterie hinein vorgeschoben. Dart wird 
der Dilatationsballon zur Beseitigung einer Stenose infla­
tiert. Zur Perfusion des HerzkranzgefaP..es wird mit einer 
Hochdruckpumpe (31) eine Blutersatzflussigkeit, die in ei­
nem Oxygenator (34) mit Sauerstoff angereichert wurde, 
in das Hauptlumen des Herzkatheters (10) gepumpt. Der 
Blutersatzstoff kann mit erheblich geringerer FluP..menge 
zugefUhrtwerden als Blut, weil er eine h6here Sattigungs­
kapazitat mit Sauerstoff hat. Es kann eine gleiche Oxyge­
nierung des Herzmuskels bei halber oder noch weiter ver­
ringerter FluP..menge erzielt werden. Die Gefahr einer Ha­
matombildung durch Hochdruckperfusion wird verrin­
gert. 

33 
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Beschreibung 

[0001] Die Erfindung betrifft eine Dilatationsvorrichtung 
fiir HerzkranzgefaBe, mit einem Herzkatheter, der einen Di­
latationsballon tragt und zur Durchflihrung einer aktiven 
Hochdruckperfusion geeignet ist. 
[0002] Bei der Perkutanen Transluminalen Coronaren An­
gioplastie (PTCA) wird ein Herzkatheter, der einen Ballon 
aufweist, in ein Herzkranzgefa/3 eingefiihrt, urn durch Infia­
tieren des Ballons eine im HerzkranzgefaB vorhandene Ste­
nose aufzuweiten. Zur Vermeidung des unmittelbaren Re­
coils ist es weitgehend iiblich geworden, einen aufweitbaren 
Stent in das GefaB einzubringen. Dieser Stent stiitzt die Ste­
nose ab und stellt ein im Korper verbleibendes Implantat 
dar. Obwohl das GefaB durch einen Stent im dilatierten Be­
reich stark aufgedehnt werden kann, kommt es in erhebli­
chem MaBe zu Restenosen. Auch andere Behandlungsme­
thoden haben nicht zu hinreichend sicheren Therapien ge­
flihrt. Als beste Therapieform gilt immer noch die klassische 
PTCA, die aber weiter verfeinert werden muss, urn die Re­
stenoserate von 40 bis 60% zu reduzieren. Bei langeren Di­
latationszeiten von bis zu 15 Minuten wird erwartet, dass bei 
der PTCA das Recoilrisiko deutlich reduziert werden kann. 
Dies setzt voraus, dass eine Perfusion des distalen Herzmus­
kels erreicht werden kann. 
[0003] Zur Aufrechterhaltung der Durchblutung (Auto­
perfusion) gibt es Autoperfusionskatheter, die den BlutfiuB 
im behandelten BlutgefaB fortsetzen und dabei den infiatier-

GefaBverschluB die Gefahr der Druckerhohung verringert 
ist, weil der Blutersatzstoff in geringerem Volumenstrom 
zugefiihrt wird. Giinstig ist ferner, class kein arterialisiertes 
Blut aus der Leiste des Patienten entnommen werden muss. 

5 Die Vorrichtung ist wie ein iiblicher PTCA-Herzkatheter zu 
bedienen und verfiigt iiber ein zentrales Hauptlumen, das 
genauso klein ist wie bei einem Standardkatheter, namlich 
einen Durchmesser von 0,2 bis 0,5 mm auf Hohe des Bal­
lontragers und proximal des Ballontragers von 1,0 bis 

10 1,4 mm hat. Dan1it konnen bei einem DurchfiuB von 15 bis 
20 ml/min die Druckverluste im Katheter gering bleiben. 
[0009] Als kiinstlicher Blutersatzstoff konnen Hamoglo­
bine, die sich in Losung befinden (stromafreies Hamoglobin 
oder konjugierte und versetzte Hamoglobine) oder mittels 

15 Liposomenmembranen verkapselte Hamoglobine eingesetzt 
werden. Besser eignen sich aufgrund der hohen erreichbaren 
Sauerstoffioslichkeit (bis an 40 Vol) noch die perfiuorierten 
Karbone. Diese Substanzen stellen zyklische oder linearket­
tige Kohlenwasserstoffverbindungen dar, bei denen eine 

20 vollstandige Substitution des Wasserstoffs durch Fluor er­
folgt ist. Aufgrund der bipolaren Charakteristik und der dar­
aus resultierenden UnlOslichkeit in Wasser werden die per­
fiuorierten Karbone emulgiert. 
[0010] Solche Blutersatzstoffe konnen kiinstlich gewon-

25 nen werden und stehen in steriler Form zur Verfiigung. Der 
Blutersatzstoff wird aus einem sterilen Gefa/3 zunachst ei-

ten Ballon iiberbriicken. Solche Katheter haben einen gro­
Ben Durchmesser im Ballonbereich und lassen nur relativ 30 

nem Oxygenator zugefiihrt, oder er ist bereits im sterilen 
GefaB stark mit Sauerstoff angereichert. Danach wird die 
Losung einer Hochdruckpumpe zugefiihrt und in den Herz­
katheter eingespeist. Als Hochdruckpumpen konnen Zahn­
radpumpen, Spritzenpumpen, Rollenpumpen o. dgl. einge-geringe DurchfiuBraten von weniger als 10 ml/min zu. 

[0004] Aus DE 196 22 335 C2 ist ein Perfusionskatheter 
mit integrierter Miniatur-Niederdruckpumpe bekannt. Ein 
solcher Katheter erfordert einen hohen technischen Auf-
wand. Infolge der an der Miniatur-Pumpe auftretenden ho- 35 

hen Scherkrafte besteht die Gefahr der Blutschadigung. 

setzt werden, ohne dass auf die Vermeidung von Blutschadi­
gungen geachtet werden miiBte. Die kleine wahrend der 
Therapie zu applizierende Menge ( < 150 ml) reduziert zu­
dem die anderweitig fiir den Blutersatzstoff beschriebenen 
Nebenwirkungen. 

[0005] Eine dritte Form der Perfusion ist die Hochdruck­
perfusion. Hierbei wird von einer Perfusionsquelle, die am 
proximalen Katheterende extrakorporal angeordnet ist, Blut 
mit hohem Druck in den Herzkatheter gepumpt. Das Blut 
wird als arterialisiertes Blut aus der Leistengegend des Pa­
tienten entnommen und in eine Hochdruckpumpe einge­
bracht. Die erforderlichen Driicke betragen bis zu 12 bar. 
Mit einer derartigen Hochdruckperfusion konnen FluBraten 
urn 40 ml/min erreicht werden, jedoch besteht wegen des er­
forderlichen hohen Druckes die Gefahr der Hamatombil­
dung im Koronarbereich oder einer anderweitigen Blutscha­
digung. 
[0006] Der Erfindung liegt die Aufgabe zugrunde, eine 
Dilatationsvorrichtung mit aktiver Hochdruckperfusion zu 
schaffen, die mit relativ geringen Volumenstromen eine aus­
reichende Sauerstoffversorgung der distalen Herzmuskula-
tur sicherstellt. 
[0007] Die Losung dieser Aufgabe erfolgt erfindungsge­
maB mit denim Patentanspruch 1 angegebenen Merkmalen. 
Hiemach ist die Hochdruckpumpe, die mit dem proximalen 
Ende des Herzkatheters verbunden ist, an eine Fluidquelle 
angeschlossen, die einen mit Sauerstoff angereicherten 
Blutersatzstoff liefert. Blutersatzstoffe konnen eine zwei­
fach bis dreifach hohere Sattigungskapazitat mit Sauerstoff, 
als Blut aufweisen. Entsprechend kann eine gleiche Oxige­
nierung des Herzmuskels bei halber oder gedrittelter FluB­
menge erzielt werden. Dies bedeutet, dass fiir eine ausrei­
chende Perfusion ein wesentlich geringerer DurchfiuB durch 
den Herzkatheter erforderlich ist. Unter einer Hochdruck­
pumpe ist eine Pumpe zu verstehen, die einen Druck von 
mindestens 0,5 bar liefert. 
[0008] Ein Vorteil besteht darin, dass bei einem spontanen 

[0011] Der Herzkatheter enthalt in iiblicher Weise einen 
Fiihrungsdraht. Dieser Fiihrungsdraht kann dazu benutzt 
werden, einen am distalen Ende des Herzkatheters vorgese-

40 henen Abschnitt verringerten Querschnittes durch den Fiih­
rungsdraht im wesentlichen zu verschlieBen oder zu offnen. 
Geoffuet wird dieser Abschnitt dann, wenn der Fiihrungs­
draht in proximaler Rich tung zuriickgezogen wird und dann 
den engen Abschnitt zur Perfusion freigibt. Auf diese Weise 

45 ist mit Hilfe des Fiihrungsdrahtes eine Steuerung der Perfu­
sionsrate moglich. 
[0012] Im folgenden wird unter Bezugnahme auf die 
Zeichnungen ein Ausfiihrungsbeispiel der Erfindung naher 
erlautert. 

50 [0013] Es zeigen: 
[0014] Fig. 1 die Anwendung der Dilatationsvorrichtung 
bei einem Patienten, 
[0015] Fig. 2 einen schematischen Langsschnitt durch 
Aorta bei Verlegung eines Fiihrungskatheters, in den spater 

55 der Herzkatheter eingeschoben wird, 
[0016] Fig. 3 einen Langsschnitt durch das distale Ende 
des Herzkatheters, und 
[0017] Fig. 4 eine Ansicht des proximalen Endes des 
Herzkateters, teilweise geschnitten. 

60 [0018] Fig. 1 zeigt die Verlegung eines Herzkatheters 10 
zur Dilatation eines verengten HerzkranzgefaBes. Der Herz­
katheter 10 tritt durch einen perkutanen Zugang 11 in der 
Leistengegend in den Korper des Patienten ein und verlauft 
durch das Arteriensystem in die Aorta AO und durch den 

65 Aortenbogen AOB zur Aortenklappe AK, von der die 
Ostien OS abzweigen, die zu den Herzkranzarterien A fiih­
ren. Dabei wird unterschieden zwischen rechtem Ostium 
OSR und linken Ostium OSL. 
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[0019] Der Herzkatheter 10 hat ein distales Ende 12, das die unter Zusammendrlickung einer Dichtung 29 festge­
schraubt werden kann, urn den Eintritt des Ftihrungsdrahtes 
21 in den Schlauch 27 abzudichten und zugleich den Ftih­
rungsdraht 21 gegen Langsverschiebung zu sic hem. 

in der Koronararterie A plaziert wird und ein proximales 
Ende 12a, das sich auBerhalb des Patientenkorpers befindet. 
Der Herzkatheter hat eine Lange von etwa 100 em. Er be­
steht aus einem Schlauch mit einem AuBendurchmesser von 
maximal 2,0 mm. 
[0020] Der Herzkatheter 10 wird durch einen Ftihrungska­
theter 13 hindurchgeschoben, der zunachst in der Aorta AO 
verlegt wird. Der AuBendurchmesser des Ftihrungskatheters 

5 [0028] Das Hauptlumen 15 setzt sich proximal von dem 
Verzweigungsstlick 24 in einem Schlauch 30 fort, der den 
gleichen Innendurchmesser hat wie das Hauptlumen. Dieser 
Schlauch 30 ist an eine Hochdruckpumpe 31 angeschlossen, 

13 betragt maximal 3,0 mm und sein Innendurchmesser be- 10 

tragt maximal etwa 2,5 mm. Der Ftihrungskatheter 13 hat 
eine abgebogene elastische Katheterspitze 14, die durch 
Drehen und Vorschieben des Katheters in das betreffende 
Ostium OSR oder OSL eingeflihrt werden kann. In den Ftih­
rungskatheter 13 wird dann der Herzkatheter 10 eingeftihrt. 15 

Fig. 3 zeigt das distale Ende 12 des Herzkatheters 10. Der 
Herzkatheter weist ein Hauptlumen 15 auf, das sich im we­
sentlichen tiber die gesamte Lange des Herzkatheters er­
streckt und einen Innendurchmesser von 1,0 bis 1,4 mm auf­
weist. Parallel zum Hauptlumen verlauft ein Ballonlumen 20 

16, dessen Durchmesser 0,1 bis 0,2 mm betragt. 
[0021] Am proximalen Ende des Herzkatheters 10 befin­
det sich ein Abschnitt 17 verringerten Querschnitts, der das 
Hauptlumen 15 fortsetzt. In dem Abschnitt 17 betragt der 
Lumendurchmesser 0,2 bis 0,5 mm. Der Abschnitt 17 ist 25 

von einem Ballon 18 umgeben, der durch Fllissigkeit, die 
durch das Ballonlumen 16 zugeftihrt wird, aufgeblasen wer­
den kann. Der Ballon 18 bildet den mit dem Ballonlumen 16 
in Verbindung stehenden Dilatationsballon. 
[0022] Am distalen Ende des Abschnitts 17 befindet sich 30 

die Katheterspitze 19 mit einer axialen Durchtrittsoffnung 
und zusatzlichen seitlichen Perfusionsoffnungen 20. 

deren SauganschluB mit einer Fluidquelle 32 verbunden ist. 
Die Fluidquelle 32 enthalt ein Reservoir 33 mit einer Bluter­
satzfitissigkeit, beispielsweise Olgebundenes Hamoglobin 
oder fiuorierte Kohlenwasserstoffverbindungen. Diese Blut­
ersatzfitissigkeit wird tiber einen Oxygenator 34 der Saug­
seite der Hochdruckpumpe 31 zugeftihrt. Im Oxygenator 34 
erfolgt eine Anreicherung der Blutersatzfitissigkeit mit Sau­
erstoff. 
[0029] Die Hochdruckpumpe 31 pumpt den oxygenierten 
Blutersatzstoff in einem Volumenstrom von 10 his 20 ml/ 
min bei einem Druck von maximal etwa 5 bar in das Haupt­
lumen 15. Infolge der Stromungsverluste im Verlauf des 
Herzkatheters verringert sich der Druck so, dass er an der 
Katheterspitze schlieBlich nur noch etwa 0,08 bar betragt. 
[0030] Wenn der Herzkatheter 10 durch den Ftihrungska­
theter 13 hindurch geschoben wird, befindet sich der Ballon 
18 im defiatiert.en Zustand, d. h. er liegt fiach am Umfang 
des Abschnitts 17 an. Wenn der Abschnitt 17 des Herzkathe-
ters die verengte Stelle des HerzkranzgefaBes erreicht hat, 
wird der Ftihrungsdraht 21 in die Position 21a zurlickgezo­
gen. Der Ballon 18 wird mit einer Fllissigkeit infiatiert, wah­
rend gleichzeitig die Hochdruckpumpe 31 oxygenierten 
Blutersatzstoff in den Katheter pumpt. Der Blutersatzstoff 
passiert durch den Abschnitt 17 hindurch den aufgeblasenen 
Ball on 18, so dass durch diesen Abschnitt eine Perfusion des 
blockierten GefaBes erfolgt. Dabei ist der flir eine ausrei-

[0023] In dem Hauptlumen 15 befindet sich ein Ftihrungs­
draht 21, der verschoben werden kann und der durch die 
axiale Offnung 19 hindurchragen kann. Das distale Ende 12 
des Ftihrungsdrahtes 21 ist als weichelastische Spitze ausge­
bildet und als Wegfinder vorgebogen. 
[0024] Der Ftihrungsdraht 21 hat einen Durchmesser von 
0,3 mm. Der Abschnitt 17 hat im defiatiert anliegenden Bal­
lon einen AuBendurchmesser von etwa 1 mm und ist somit 
so klein im Profil wie PTCA-Ballons der neuestens Genera­
tion. Der Innendurchmesser ist so groB, dass der Ftihrungs­
draht 21 in dem Abschnitt 17 verschoben werden kann, je­
doch ist der urn den Ftihrungsdraht verbleibende Ringspalt 

35 chende Versorgung der Herzkranzarterie erforderliche Volu­
menstrom viel geringer als bei einer Perfusion mit Blut. 
[0031] Im Falle eines vorlibergehenden GefaBverschlus­
ses Sa, wie er zyklisch im Herzrhythmus stattfinden kann, 
kann der Perfusionsstrom durch den Herzkatheter gestoppt 

40 werden. Eine zyklische Forderung des Blutersatzstoffes 
kann druckgesteuert erfolgen, wobei die hierftir notwendige 
Druckerfassungsvorrichtung sich in Ballonnahe im Herzka­
theter 10 oder auf dem Ftihrungsdraht 2 befindet. Erfolgt 
wahrend eines GefaBverschlusses im distalen GefaBbett eine 

so eng, dass praktisch kein DurchfiuB von Blut oder Bluter- 45 

satzstoff durch diesen Ringspalt stattfindet. Der Ballon 18 
hat eine Lange von 10 bis 40 mm und im aufgeweiteten Zu­
stand einen Durchmesser von 2 his 5 mm. 
[0025] Ander Stelle 23, an der der Abschnitt 17 beginnt, 
erweitert sich das Lumen urn mehr als das Doppelte der 50 

Querschnittsfiache. Das erweiterte Lumen bildet das Haupt­
lumen 15. Wird der Ftihrungsdraht21 in das Hauptlumen 15 
zurlickgezogen, so dass er die in Fig. 3 mit 21a bezeichnete 
Position einnimmt, dann wird der Abschnitt 17 zum Durch­
stromen frei. Im Hauptlumen 15 kann Perfusionsfitissigkeit 55 

an dem in der Position 21a befindlichen Ftihrungsdraht vor­
beistromen. Die Perfusionsfitissigkeit tritt aus den Offnun­
gen der Katheterspitze 19 aus. 
[0026] Fig. 4 zeigt das proximale Ende 12a des Herzka­
theters 10. Dort befindet sich ein Verzweigungsstlick 24, 60 

von dem ein mit dem Ballonlumen 16 verbundener 
Schlauch 25 abzweigt. Am Ende dieses Schlauchs befindet 
sich ein Luer-Lock-Konnektor 26 ftir den AnschluB einer 
Ballondruckquelle. 
[0027] Von dem Verzweigungssttick 24 zweigt ein weite- 65 

rer Schlauch 27 aus dem Hauptlumen 15 ab, durch den der 
Ftihrungsdraht 21 verlauft. Am Ende dieses Schlauchs 27 
befindet sich ein Dichtelement 28 mit einer Uberwurfmutter, 

kontinuierliche Forderung des Blutersatzstoffs, so baut sich 
der von der Hochdruckpumpe 31 erzeugte Druck tiber die 
gesamte Lange des Herzkatheters auf. Wegen der relativ ge­
ringen Forderrate der Hochdruckpumpe 31 und der Elastizi­
tat des distalen GefaBbettes erstreckt sich dieser Druckauf-
bau tiber einen Zeitraum von mehreren Sekunden, so dass 
kein plOtzliches Aufsprengen der GefaBwand mit nachfol­
gender Hamatombildung zu beflirchten ist, zumal die Ver­
schluBzeiten weniger als 1 s betragen. 
[0032] An dem Herzkatheter ist ein (nicht dargestellter) 
Drucksensor vorgesehen, der den Druck an einer Stelle des 
Hauptlumens 15 in Nahe des Ballons 18 miBt. Dieser 
Drucksensor bewirkt dann, wenn der Druck einen Grenz­
wert iibersteigt, das Offnen eines Entlastungsventils, wo­
durch der von der Hochdruckpumpe aufgebaute Druck 31 
schnell entweicht. 

Patentansprtiche 

1. Dilatationsvorrichtung ftir HerzkranzgefaBe, mit ei­
nem Herzkatheter (10), der am distalen Ende (12) einen 
Dilatationsballon (18) aufweist, einem in einem Haupt­
lumen (15) des Herzkatheters verschiebbaren Fiih­
rungsdraht (21), wobei das Hauptlumen distal vom Di-
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latationsballon (18) offen ist, einem durch den Herzk:a­
theter (10) verlaufenden, mit dem Dilatationsballon 
(18) verbundenen Ballonlumen (16) und einer an das 
Hauptlumen (15) angeschlossenen Hochdruckpumpe 
(31) zur Erzeugung eines Druckes von maximal 5 bar, 5 

dadurch gekennzeichnet, dass die Hochdruckpumpe 
(31) an eine Fluidquelle (32) angeschlossen ist, die ei­
nen mit Sauerstoff angereicherten klinstlichen Bluter­
satzstoff liefert .. 
2. Dilatationsvorrichtung nach Anspruch 1, dadurch 10 

gekennzeichnet, dass die Fluidquelle (32) ein den Blut­
ersatzstoff enthaltendes Reservoir (33) und einen Oxy­
genator (34) aufweist. 
3. Dilatationsvorrichtung nach Anspruch 1 oder 2, da­
durch gekennzeichnet, dass das Hauptlumen (15) am 15 

distalen Ende (12) einen Abschnitt (17) verringerten 
Querschnitts aufweist, durch den der Flihrungsdraht 
(21) hindurchpaBt. 
4. Dilatationsvorrichtung nach Anspruch 3, dadurch 
gekennzeichnet, dass der Querschnitt in dem Abschnitt 20 

(17) kleiner ist als die halbe QuerschnittsfHiche des 
proximalen Bereichs des Hauptlumens (15). 
5. Dilatationsvorrichtung nach Anspruch 3 oder 4, da­
durch gekennzeichnet, dass der Abschnitt (17) von 
dem Dilatationsballon (18) bedeckt ist und dass der 25 

AuBendurchmesser des Abschnittes einschlieBlich des 
deftatierten Ballon kleiner ist als derjenige des Haupt­
teils des Herzkatheters (10). 
6. Dilatationsvorrichtung nach einem der Ansprliche 1 
bis 5, dadurch gekennzeichnet, dass ein den Druck im 30 

Hauptlumen (15) messender Drucksensor vorgesehen 
ist. 
7. Dilatationsvorrichtung nach einem der Ansprliche 
1-6, dadurch gekennzeichnet, dass die Hochdruck­
pumpe in Abhangigkeit von dem GefaBdruck in der 35 

Nahe des Dilationsballons (18) geregelt ist. 
8. Dilatationsvorrichtung nach Anspruch 7, dadurch 
gekennzeichnet, dass die Regelung der Hochdruck­
pumpe zyklisch im Herzrhythmus erfolgt. 
9. Verfahren zum Dilatieren einer Stenose in einem 40 

HerzkranzgefaB mit den Schritten: 
- Einflihren eines Flihrungskatheters (13) in eine 
Arterie und Vorschieben des Flihrungskatheters 
bis in das HerzkranzgefaB, 
- Einruhren eines Flihrungsdrahts (21) in das 45 

HerzkranzgefaB bis die Spitze des Flihrungsdrahts 
(21) die verengte Stelle im HerzkranzgefaB pas­
siert hat, 
- Einruhren eines Herzkatheters (10), der am di­
stalen Ende (12) einen Dilatationsballon (18) auf- 50 

weist, in den Flihrungskatheter (13) und Heraus­
schieben des den Dilatationsballon (18) tragenden 
Abschnitts (17) des Herzkatheters aus dem Flih­
rungskatheter (13) in den Bereich der Stenose, 
- Rlickzug des Flihrungsdrahts in eine Rlickzugs- 55 

position (21a), 
- Inftatieren des Dilatationsballons (18) zur Auf­
wei tung der Stenose, 
- Einflihren eines mit Sauerstoff angereicherten 
filissigen Blutersatzstoffes in das proximale Ende 60 

(12a) des Herzkatheters (10) und Herauslassen 
des Blutersatzstoffes distal von dem Dilatations­
ballon (18). 

Hierzu 3 Seite(n) Zeichnungen 65 
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Abstract 
The blood pump has a channel (32) running centrally 
through the impeller (22) connecting the rear side of the 
impeller (22) with the suction side (40). Blood is 
continually pumped through the channel (32) so that no 
dead water areas can form in unbladed areas of the 
impeller (22). The rear side of the impeller (22) is fitted 
with auxiliary blades (62) which produce a current parallel 
to the main current. 
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Beschreibung 

Die Erfmdung betrifft eine Blutpumpe nach dem Ro­
tationsprinzip, also eine Blutpumpe mit einem rotieren­
den Pumpenrad. 

Bei Blutpumpen besteht generell das Problem der 
Thrombenbildung durch Agglomeration von Blutteil­
chen. Dieses Problem besteht auch bei Blutpumpen 
nach dem Rotationsprinzip, insbesondere im Bereich 
des Pumpenrades, wenn dort enge Spalte sind, in denen 
Totwasserbildung auftreten kann. 

Der Erfindung liegt die Aufgabe zugrunde, eine Blut­
pumpe nach dem Rotationspumpenprinzip zu schaffen, 
bei der die Gefahr von Thrombenbildung im Bereich 
des Pumpenrades weitgehend vermieden wird. 

Die LOsung dieser Aufgabe erfolgt erfindungsgemaB 
mit denim Patentanspruch 1 angegebenen Merkmalen. 

Bei der erfindungsgemaBen Blutpumpe weist das 
Pumpenrad einen axialen Kanal auf, der die Saugseite 
des Pumpenrades mit dessen Riickseite hydraulisch ver­
bindet. So kann Blut in den riickseitigen Spalt des Pum­
penrades gelangen und diesen spiilen. Durch die Druck­
differenz zwischen Druck- und Saugseite des Pumpen­
rades erfolgt somit eine Umspiilung aller ungeschaufel­
ten Flachen des Pumpenrades. 

GemaB einer bevorzugten Weiterbildung der Erfin­
dung ist das Pumpenrad auf seine der Anstromseite ab­
gewandten Riickseite mit radialfordemden Hilfsschau­
feln versehen. Diese Hilfsschaufeln bewirken eine ver­
stiirkte aktive Durchstromung des axialen Kanals und 
der Riickseite des Pumpenrades in Hauptstromungs­
richtung. Dadurch wird ein Bypassstrom erzeugt, der 
anschlieBend der Hauptstromung wieder zugefiihrt 
wird. 

Bei der erfindungsgemaBen Blutpumpe ist ein zweiter 
Stromungsweg durch das Pumpenrad hindurch vorge­
sehen. Dieser zweite Stromungsweg, bei dem es sich urn 
einen achsnahen reinen Spiilweg handelt, wird entweder 
im Gegenstrom zum Hauptstrom durchstromt, wenn 
keine Hilfsbeschaufelung vorhanden ist, oder als Bypass 
in gleicher Stromungsrichtung wie der Hauptstrom. In 
jedem Fall werden Totwasserbereiche an der Riickseite 
des Schaufelrades wirksam vermieden. 

Die Erfindung ist bei jeder Form von Rotationspum­
pen verwendbar, wie z. B. Axialpumpen, Radialpumpen 
und Diagonalpumpen. 

Im folgenden wird unter Bezugnahme auf die Zeich­
nung ein Ausfiihrungsbeispiel der Erfindung niiher er­
liiutert. 

Eszeigt: 
Fig. 1 einen Langsschnitt durch eine Ausfiihrungs­

form der Blutpumpe. 
Die Blutpumpe BP nach Fig. 1 weist ein langgestreck­

tes, rohrformiges Pumpengehause to auf, das an einem 
Ende mit einem EinlaBteil tl versehen ist. Der EinlaBteil 
t t weist einen EinlaB t2 auf, dessen Innendurchmesser 
kleiner ist als der Innendurchmesser des Pumpengehau­
ses tO. Im EinlaBteil t t ist ein ringformiger Obergangs­
teil t3 ausgebildet, der bogenformig gestaltet ist und in 
einer S-formigen I}.I:iimmung von dem Durchmesser des 
Einlasses 12 auf den Innendurchmesser des Pumpenge­
hauses 10 glatt und knickfrei iiberleitet. 

In dem Pumpengehause 10 ist koaxial das Motorge­
hause 15 eines Motors 16 befestigt, bei dem es sich urn 
einen Elektromotor handelt. Das Motorgehause ist voll­
standig abgedichtet. 

In dem EinlaBteil 11 des Pumpengehauses tO ist ein 
Pumpenrad 22 angeordnet. Dieses besteht aus einer Na-

2 
be 23, von der Schaufeln 24 abstehen. Der Antrieb des 
Pumpenrades 22 erfolgt von dem Motor 16 iiber eine 
magnetische Kupplung, die als Stimdrehkupplung 25 
oder Zentraldrehkupplung ausgebildet sein kann. Diese 

5 weist ein erstes Kupplungsteil25a auf, das mit dem Ro­
tor des Motors 16 verbunden und im Innem des Motor­
gehauses 15 gekapselt angeordnet ist, und ein zweites 
Kupplungsteil25b, das in der Nabe 23 des Pumpenrades 
22 angeordnet ist. Beide Kupplungsteile 25a, 25b haben 

10 Magnete 28, die bewirken, daB bei einer Drehung des 
erstes Kupplungsteils 25a das zweite Kupplungsteil25b 
mitdreht. 

Das Motorgehause 15 ist mit einer amagnetischen 
nichtleitenden Kappe 26 verschlossen, an welcher ein 

15 kombiniertes Axiai/Radiallager 27 in Form einer Kugel 
abgestiitzt ist. Dieses Lager 27 stiitzt seinerseits die Na­
be des Pumpenrades 22 ab. Die Magnete 28 der Stirn­
drehkupplung 25 erzeugen eine axiale Haltekraft, die 
groBer ist als die beim Drehen des Pumpenrades 22 

20 erzeugte Reaktionskraft, so daB das Pumpenrad 22 
durch die Magnetkraft in Richtung auf den Motor 16 
gezogen und gegen das Lager 27 gedriickt wird. Die 
axiale Haltekraft der Kupplung 25 wird zentral auf der 
Kappe 26 durch eine weitere axiale Lagerabstiitzung 

25 25d in Verbindung mit dem Lager 27 kompensiert, so 
daB weder die Lager des Motors 26 noch die diinne 
Kappe 26 diese Kraft in ihrer Umfangswand 26b und auf 
der Stirnfliiche 26a aufnehmen miissen. 

Zur Zentrierung des Pumpenrades 22 auf der EinlaB-
30 seite ist in dem EinlaB 12 ein Armstem 29 befestigt. An 

dem Armstem 29 befindet sich ein zentrisches Kopf­
stiick 31, das den Lagerzapfen 60 umgibt und die axial 
einstromende Stromung geringfiigig radial in Richtung 
der Nabe 23 ableitet. Ferner enthiilt die Nabe 23 einen 

35 axialen Spiilkanal32, der zum Lager 27 fiihrt. Der Lek­
kagestrom durch den Spiilkanal32 bewirkt eine stiindi­
ge Umspiilung des Spaltes 25c zwischen der Achse 60 
und dem Pumpenrad 22, urn Thrombenbildung zu ver­
meiden. 

40 Die Leitschaufeln 24 des Pumpenrades 22 haben an 
dem Anstromende 24a einen AuBendurchmesser, der im 
wesentlichen dem Durchmesser des Einlasses 12 ent­
spricht, so daB das Pumpenrad hier den gesamten 
Durchmesser des EinlaBkanals erfaBt. Im AnschluB an 

45 die EinlaBkanten 24a erfolgt ein konkav-bogenformiger 
Umfangsbereich 24b, der dem Obergangsteil 13 des 
Pumpengehauses mit geringem Abstand folgt. Daran 
anschlieBend haben die Pumpenschaufeln 24 einen Be­
reich 24c, dessen Durchmesser etwa so groB ist wie der 

50 AuBendurchmesser des Motorgehauses 15 an demjeni­
gen Ende, das dem Pumpenrad 22 zugewandt ist. Der 
AuBendurchmesser der diagonalen Pumpenschaufeln 
24 wird so groB ausgefiihrt, wie es der Gesamtdurch­
messer des Obergangsteils t3 erlaubt. Hierdurch kann 

55 die erforderliche, hydraulische Leistung bei einer ver­
gleichsweisen geringen Drehzahl (beispielhaft n ~ 7000 
U/min fiir V/t ~51/min und LlP ~ 100 mmHg) erzielt 
werden, was die Standzeiten der lagemden Komponen­
ten der Pumpe erhoht. 

60 Zwischen dem Pumpengehause 10 und dem Motorge-
hause 15 besteht ein Ringkanal35, der sich in Liingsrich­
tung erstreckt. Dieser Ringkanal 35 ist als Diffusor aus­
gebildet, indem sich seine Querschnittsflache vom Bin­
laB zum AuslaB vergroBert. Dadurch entsteht eine Ver-

65 langsamung des Blutflusses und somit eine Druckerho­
hung. Die Erweiterung der Querschnittsflache de§ Ring­
kanals 35 wird durch entsprechende Veranderung der 
Wandstarken·von Pumpengehause 10 und Motorgehau-
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se 15 erreicht. 
Der Motor 16 bewirkt eine Rotation des Pumpenra­

des 22, dessen Schaufelrader 24 schraubenformig gestal­
tet sind. Dadurch wird Blut von der Saugseite 40 axial 
angesaugt und zur Druckseite 41 und von dort und mit 5 

einer rotierenden Umfangskomponente in den Ringka­
nal25 gefordert. 

Das Pumpenrad 22 ist mit einer Achse 60 versehen, 
die an einem Ende in dem Lager 27 der das Motorge­
hause 15 verschlieBenden Kappe 26 und am anderen 10 
Ende in dem Armstem 29 fiber ein Radiallager 63 gela­
gert ist. Der ringformige Uingskanal32 der Nabe 23 ist 
durch Stege 61 iiberbriickt, die die Nabe 23 an der Ach-
se 60 festhalten. An dem dem Motor zugewandten Ende 
der Nabe 23 befinden sich Hilfsschaufeln 62, die die 15 
durch den Uingskanal 32 einstromende Fliissigkeit ra­
dial nach auBen pumpen und sie dem von den Pum­
penschaufeln 24 erzeugten Hauptstrom zufiihren. 
Durch die Hilfsschaufeln wird erreicht, daB der Spalt 
zwischen dem Pumpenrad 22 und dem Motorgehause 20 
15 sta.ndig durchstromt ist, so daB sich dort keine 
Thromben bilden konnen. Der Langskanal 32 ist so be­
messen, daB der durch ihn hindurchgehende Blutstrom 
deutlich geringer ist als der von den Pumpenschaufeln 
24 erzeugte Hauptstrom. Die Lager 27 und 63 sind der- 25 
art angeordnet, daB sie einen ausreichenden Abstand 
zum Kanal 32 aufweisen. Obwohl der Dbergang zwi­
schen dem stationaren und dem rotierenden Tell der 
Lager 27 und 63 integral - ohne groBe StoBkante -
erfolgt, an der sich Thromben anlagem konnten, muB 30 
davon ausgegangen werden, daB sich gegebenenfalls 
kleine Ringthromben an der Dbergangsstelle bilden. 
VerschlieBen diese bei entsprechendem Abstand den 
Kanal 32 nicht, so kann ein degressives Thromben­
wachstum aufgrund hinreichender Umspiilung mit letzt- 35 
endlich stabiler GroBe erreicht werden. 

Patentanspriiche 

1. Blutpumpe nach dem Rotationspumpenprinzip, 40 

mit einem in Blut laufenden Pumpenrad (22), da­
durch gekennzeichnet. daB das Pumpenrad (22) 
einen die Saugseite (40) mit der Riickseite verbin­
denden durchgehenden Kanal (32) aufweist. 
2. Blutpumpe nach Anspruch 1, dadurch gekenn- 45 
zeichnet, daB das Pumpenrad (22) an seiner Riick­
seite mit radial fordemden Hilfsschaufeln (62) ver­
bundenist. 
3. Blutpumpe nach Anspruch 1 oder 2, dadurch ge­
kennzeichnet, daB das Pumpenrad (22) eine in La- so 
gem (27, 63) gelagerte Achse (60) aufweist, wobei 
die Lager (27, 63) zur Vermeidung von gro.Beren 
Thromben direkt von Blut umstromt sind und der 
Dbergang zwischen stationarem und rotierendem 
Lagerteil kontinuierlich und frei von StoBkanten 55 
ausgeformt ist. 
4. Blutpumpe nach Anspruch 3, dadurch gekenn­
zeichnet, daB die Lager (27, 63) im Abstand von 
dem zentral angeordneten axialen Kanal {32) ange­
ordnet sind, so daB kleine Thromben im l.agerbe- 60 
reich den Kanal (32) nicht versperren konnen. 

Hierzu 1 Seite(n) Zeichnungen 

65 
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Spiral bending wire in medical cannulas and catheters 
General; 
Like many areas of daily life, as well as the medicine in recent years and decades has made great strides. This is based not least on the developments and 
achievements of modern medical technology. Especially here, the microelectronics and the development of biocompatible materials in a very special way 
have proved to be engines of progress. So nowadays are not only open-heart surgery surgical standards, but also the use of special blood pump for the 
medium and long-term use is increasingly on the rise. These are usually used as a bridge to heart transplantation as long as there is no suitable Spenderh'erz 
available. 
Such blood pumps are usually the result of many years of research, since very high and varied demands are placed on such pumps. 
So they need to be not only extremely biocompatible and reliable, but also have a very low blood damage. This is the product of tr6mungsf0hrung and 
tolerability of the blood contacting surfaces. Only when all factors are right, is from the technical side, an insert which extends over several weeks or even 
months justifiable. 
Due to the increasing number of uses of such systems more insights from practice are also increasingly. So turns out that one aspect in recent years too little 
attention has been paid: The cannulation. Thus, the connection between the body and the blood pump is meant, which is prepared by means of cannulae. 
Thus, the respective cannulae are sewn on the one side to the diseased heart and connected on the other side to the pump. For this purpose, cannulas are 
also used today for the most part, as they have been used several decades ago. This are usually anatomically shaped low PVC - hoses. These have a 
number of disadvantages that often cause that is called into question the success of the whole blood pump insert. Thus, these needles are not only very rigid 
and can not be adapted to place the respective anatomical conditions, but often have a bad OberflaclieneinfluB on the blood. 
A better blood behavior have here cannulas made of polyurethane (PU). This is known for its excellent biocompatibility. Unfortunately PUis still stiffer than 
PVC normally, the connection is often reminiscent of rigid pipes. For this reason, cannulas are inserted silicone rubber by some surgeons. This is 
characterized by its special flexibility. Unfortunately, silicone rubber has to have two not insignificant disadvantages: First, there is the very poor tear 
resistance, which has the consequence that when damage in the cannula is present, 
this very quickly 
Page 3 --- (DE) 
continue to tear and thus resulting in total loss. This property of the silicone rubber is prevented by relatively thick wall thickness prior to the cannula, which 
increase on the other hand, the rigidity strong again. The other disadvantage of silicone cannulas is the relatively poor blood compatibility of Oberfachen. 
Although silicone rubber is not toxic, however, enabled certain defensive reactions of the blood, which makes them less suitable for a longer-term use. 
Another problem that the surgeon is often during surgery is that due to anatomy variations or modified operations performed the connection of a cannula has 
to be carried out differently than initially foreseen. One way to address such a situation is the Bevoratung of various needles in size and geometry. This means 
that the surgeon Having regard to the circumstances of a-present offer selects the most appropriate cannula. 
For the hospital, however, the consequence that they must have a relatively large stock of needles, as well as many special sizes and shapes need to be 
permanently available, which are only very rarely needed. For the surgeon, this practice as a restriction, because it is only dependent on the available supply. 
In view of these problems, some manufacturers offer cannulas, in whose wall a plastically deformable wire is embedded so that it is possible to easily deform 
the cannula binding by hand. Thus, the stockpiling of various geometries cannula omitted. The surgeon, the cannula can always turn optimally cope in the 
present case. This can happen even in the patient's body. 
The prerequisite for such a cannula is not only the sufficient rigidity of the bending wire, but also a sufficient flexibility of the cannula itself. 
All cannulas of this type available on the market have one thing in common: the bending wire runs just as straight wire parallel to 
Cannula axis. However, this arrangement has some drawbacks. Thus, a bending of the cannula in only one plane is possible, because the wire is not 
stretch can still upsetting. 
This text has been generated from the original document by using automatic OCR conversion. It may contain errors THEREFORE AND I OR Omissions. It 
does not contain any drawings. Tables and formulas may be of poor quality or be missing Entirely. 
Thus, the wire must always stored to the; are neutral fiber "of the cannula If it is in compressed or stretched area, so for this. 
quickly became a kinking of the cannula, which usually also means that closes the cannula thereby. 
The surgeon is thus always obliged to pay special attention to a corresponding behavior of the cannula, so as not to 
Impairments in the function occurs. However, such needles are used because there is not yet an ideal cannula. 
However, the problem described here is only lately especially through the increased use of long-term blood pumps 
emerged. For this reason, just Efforts increased lately, being able to offer a better product on the market here. Such an improvement is Page 4 ---(DE) 
Presented in the following arrangement of a bending wire, preferably in a soft cannula is. 
Description: 
The present invention relates to the arrangement of a bending wire which is embedded in a cannula wall. As can be easily show 
it is much more meaningful, not straight and parallel to place the bending line to the cannula axis but helically to wrap around the cannula. 
This wire is then, as the just previously also coated with a layer of plastic, so that it is fixed properly and no contact with body tissues or fluids has. 
Such a cannula has significantly better bending properties than previous. Thus one can thus turn a cannula at any point in any direction without 
Running the risk of this kinking due to the bending wire. Further, this arrangement can be also three-dimensional shapes turn, which is not readily possible in 
a straight bending wire. 
The pitch of the helical wire has proven with an angle of approximately 45 o to the axis of the cannula to be favorable. The wire must have a sufficient 
thickness to accommodate the deforming forces on the cannula can. This applies, however, for a straight bending wire. 
It proves to be useful to form the end portions of the wire so that it at least once without significant slope to the cannula 
are looped. The ends tend otherwise uproot this, since relatively large forces occur and the wire ends quickly the plastic layer can pierce. 
Unlike needles with straight bending wire to make in this case meaning arrangements in which two or more wires (possibly are distributed correspondingly 
thinner) at different locations (preferably symmetrically) over the cross section. 
The manufacturing effort for a described cannula is slightly higher than with conventional due to be executed coiling Bending needles, but the significantly 
better handling characteristics and enhanced reliability to justify all the small 
More effort. 
Page 5 --- (DE) 
LIST OF REFERENCE NUMBERS 
Example cannula 
1. Inlet area 
2. initial portion bending wire 
3. bending wire 
4. cannula wall 
5. end bending wire 
6. non-compliant cannula area 
Page 6 --- (CL) 
·.sigma;: 
Protection claims 
First bending wire assembly with cannulas and catheters, characterized in that a plastically deformable bending wire is disposed spirally around the cannula I 
catheter. 
Second bending wire assembly according to claim 1, characterized in that a plurality of plastically deformable bending wires arranged spirally around the 
cannula I catheter. 
3. bending wire assembly according to claim 1 + 2., Characterized in that the one or more wires with vozugweise plastic coated. 
4. bending wire assembly according to claim 1.-3., Characterized in that the end areas of the I of the wires with little or no slope at the cannula I catheter are 
wound. 
Page 7---
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Spiralformiger Biegedraht in 
medizinischen Kaniilen und Kathetern 

Allgemeines: 

vVie viele Bereiche des taglichen Lebens, so hat auch die Medizin in den letzten Jah­
ren und Ja.hrzehnten gro:Be Fortschritte gemacht. Diese beruhen nicht zuletzt auf den 
Weiterentwicklungen und Errungenschaften der modernen Medizintechnik. Speziell hier 
haben sich die Mikroelektronik und die Entwicklung biokompatibler Materialien in ganz 
besonderer Weise als Motoren des Fortschrittes erwiesen. So sind heutzutage nicht nur 
Operationen am offenen Herzen chirurgischer Standart, sondern auch der Einsatz von 
speziellen Blutpumpen fiir den mittel- und langfristigen Einsatz ist zunehmend auf 
dem Vormarsch. Diese werden in der Regel als Uberbriickung zur Herztransplantation 
verwendet, solange noch kein geeignetes Spenderlrerz zur Verfiigung steht. 

Solche Blutpumpen sind meist da.s Ergebnis langja.hriger Forschung, da an solche Pum­
pen sehr hohe und vielfiiltige Anforderungen gestellt werden. So miissen sie nicht nur be­
sonders biovertraglich und zuverlassig sein, sondern auch eine sehr geringe Blutschadi­
gung aufweisen. Diese ist das Produkt aus Stromungsfiihrung und Vertraglichkeit der 
blutberiihrenden Oberflachen. Erst wenn aile Faktoren stimmen, ist von der techni­
schen Seite ein Einsatz, der sich iiber mehrere Wochen oder ga.r Mona.te erstreckt 
verantwort ba.r. 

Aufgrund der steigenden Einsa.tzza.hlen solcher Systeme liegen auch zunehmend mehr 
Erkenntnisse a.us der Praxis vor. So zeigt sich, da.:B einem Aspekt in den letzten J ahren 
zu wenig Aufmerksamkeit geschenkt wurde: Die Kaniilierung. Da.mit ist die Verbin­
dung zwischen Korper und Blutpumpe gemeint, die mittels Ka.niilen hergestellt wird. 
So werden die entsprechenden Kaniilen auf der einen Seite an das kra.nke Herz genaht 
und auf der anderen Seite an die Pumpe angeschlossen. Hierfi.ir werden auch heute noch 
gro:Btenteils Kaniilen verwendet, wie sie schon vor Jahrzehnten eingesetzt wurden. Die­
ses sind in der Regel anatomisch giinstig geformte PVC- Schlauche. Diese weisen eine 
Reihe von N achteilen auf, die oft dazu fiihren, das der Erfolg des gesamten Blutpum­
peneinsatzes in Frage gestellt ist. So sind diese Kaniilen nicht nur sehr steif und konnen 
nicht an Ort und Stelle den jeweiligen anatomischen Gegebenheiten angepaBt werden, 
sondern haben oft a.uch einen schlechten OberflacheneinfluB auf das Blut. Ein besseres 
Blutverhalten ha.ben hier Kaniilen a.us Polyuretha.n (PU). Dieses ist fiir seine sehr gute 
Biokompatibilitat bekannt. Leider ist PU in der Regel noch steifer als PVC, so das 
die Verbindung oft an starre Rohre erinnert. Aus diesem Grunde werden von manchen 
Chirurgen Kaniilen a.us Silikonkautschuk eingesetzt. Dieses zeichnet sich durch seine 
besondere Flexibilitat aus. Leider hat Silikonkautschuk auch zwei nicht unbedeuten­
de Nachteile aufzuweisen: Da ist zum einen die sehr schlechte \!Veiterrei:Bfestigkeit, die 
zur Folge hat, daB wenn eine Beschadigung in der Kaniile vorliegt, diese sehr schnell 

1 
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weiterrei:Bt und damit zum Totalausfall fiihrt. Dieser Eigenschaft des Silikonkautschuk 
beugt man durch relativ dicke WandsUirken der Kaniile vor, welche auf der anderen 
Seite die Steifigkeit wieder stark erhohen. Der andere Nachteil von Silikonkaniilen ist 
die verhaltnismaBig schlechte Blutvertraglichkeit der Oberfachen. Silikonkautschuk ist 
zwar nicht giftig, aktiviert jedoch gewisse Abwehrreaktionen des Blutes, was sie fur 
einen langerfristigen Einsatz eher ungeeignet macht. 

Ein weiteres Problem, da:B sich dem Chirurgen walu.·end einer Operation oft stellt ist, 
da:B auf Grund von Anatomieschwankungen oder modifiziert durchgefiihrter Opera­
tionen der Anschlu:B einer Kaniile anders durchgefiihrt werden mu:B als urspriinglich 
vorgesehen. Eine Moglichkeit solch einer Situation zu begegnen ist die Bevoratung von 
diversen Kaniilen hinsichtlich Gro:Be und Geometrie. Dieses bedeutet, da:B der Chirurg 
nach Kenntnisnahme der Gegebenheiten aus einem prasenten Angebot die geeignetste 
Kaniile auswahlt. 

Fiir die Klinik hat das jedoch zur Folge, das sie ein verha.Itnisma:Big gro:Bes Lager an 
Kaniilen haben mu:B, da auch viele Sondergro:Ben und Formen standig verfiigbar sein 
miissen, die nur sehr selten benotigt werden. Auch fiir den Chirurg stellt diese Praxis 
eine Einschrankung da, da er lediglich auf das vorhandene Angebot angewiesen ist. 

Vor dem Hintergrund dieser Problematik bieten einige Hersteller Kaniilen an, in deren 
Wand ein plastisch verformbarer Draht eingebettet ist, so das die Moglichkeit besteht, 
die Kaniile einfach mit der Hand bleibend zu verformen. Somit entfallt die Bevor­
ratung verschiedener Kaniilengeometrieen. Der Chirurg kann sich die Kaniile immer 
optimal fiir den vorliegenden Fall zurecht biegen. Dieses kann auch noch im Korper des 
Patienten geschehen. 

Die Vorraussetzung fiir solch eine Kaniile ist nicht nur die ausreichende Steifigkeit des 
Biegedrahtes, sondern auch eine ausreichende Flexibilitat der Kaniile selbst. 

Alle auf dem Markt erhaltlichen Kaniilen dieser Art weisen eine Gemeinsamkeit auf: 
Der Biegedraht verlauft einfach als gerader Draht parallel zur Kaniilenachse. Diese 
Anordnung bietet jedoch einige Nachteile. So ist ein Biegen cler Kaniile nur in einer 
Ebene moglich, da sich der Draht weder dehnen noch stauchen la:Bt. 

Der Draht mu:B also immer in der ,neutralen Faser" der Kaniile liegen. Befindet er sich 
im gestauchten oder gedehnten Bereich, so fiir dieses schnell zu einem Abknicken der 
Kaniile, was in der Regel auch bedeutet, da:B sich die Kaniile dabei verschlie:Bt. 

Der Chirurg ist also immer gezwungen in besonderer Weise auf ein entsprechendes 
Verhalten der Kaniile zu achten, damit es nicht zu Beeintrachtigungen in der Funktion 
kommt. Dennoch werden solche Kanillen verwendet, da es die ideale Kaniile noch nicht 
gibt. 

Die hier beschriebene Problematik ist jedoch auch erst in letzter Zeit durch den 
vermehrten Einsatz von Langzeitblutpumpen besonders hervorgetreten. Aus diesem 
Grund werden gerade in letzter Zeit vermehrt Anstrengungen unternommen, bier ein 
besseres Produkt auf dem Markt anbieten zu konnen. Eine solche Verbesserung stellt 

2 
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die im folgenden vorgestellte Anordnung eines Biegedrahtes. in einer vorzugsweise wei­
chen Kaniile dar. 

Besch rei bung: 

Die vorliegende Erfindung bezieht sich auf die Anordnung eines Biegedrahtes, der in 
eine Kaniilenwand eingelassen ist. Wie sich einfach zeigen laBt, ist es sehr viel sinnvol­
ler, den Biegedraht nicht gerade und parallel zur Kaniilenachse anzuordnen, sondern 
spiralformig urn die Kaniile zu wickeln. 

Dieser Draht wird dann, wie der gerade bisher auch, mit einer Kunststoffschicht be­
schichtet, so dafi er gut fixiert ist und keine Beriihrung mit Korpergewebe oder Flussig­
keiten hat. 

Solch eine Kaniile hat deutlich bessere Biegeeigenschaften als bisherige. So kann man 
so eine Kaniile an jeder Stelle in jede Richtung biegen, ohne Gefahr zu laufen diese 
aufgrund des Biegedrahtes abzuknicken. Ferner lassen sich durch diese Anorclnung auch 
dreidimensionale Formen biegen, was bei einem geraden Biegedraht nicht ohne weiteres 
moglich ist. 

Die Steigung des spiralformigen Drahtes hat sich mit einem Winkel von ca. 45° zur 
Kaniilenachse als giinstig erwiesen. Der Draht muB iiber eine ausreichende Dicke 
verfiigen, urn auch die verformenden Krafte an der Kaniile aufnehmen zu konnen. 
Dieses gilt jedoch auch fiir einen geraden Biegedral1t. 

Es erweist sich als sinnvoll, die Endbereiche des Drahtes so zu formen, daB sie minde­
stens einmal ohne nennenswerte Steigung urn die Kaniile geschlungen sind. Die Enden 
neigen sonst dazu auszureiflen, da hier relativ grofle Krafte auftreten und die Drahten­
den schnell die Kunststoffschicht durchstoflen konnen. 

Im Gegensatz zu Kaniilen mit geradem Biegedraht machen in diesem Fall auch An­
ordnungen Sinn, bei denen zwei oder mehr Ddihte ( evtl. entsprechend diinner) an ver­
schiedenen Stellen (vorzugweise symetrisch) iiber den Querschnitt verteilt angeordnet 
sind. 

Der Fertigungsaufwand fiir eine hier beschrieben Kaniile liegt aufgrund der aus­
zufiihrenden Wendelung etwas hoher, als bei herkommlichen Biegekaniilen, aber die 
deutlich besseren Handhabungseigenschaften und die gesteigerte Funktionssicherheit 
rechtfertigen a.llemal den geringen Mehraufwand. 

3 
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Bezugzeichenliste 

Beispielkanille 

1. Einlaufbereich 

2. Anfangsbereich Biegedraht 

3. Biegedraht 

4. Kaniilenwand 

5. Endbereich Biegedraht 

6. Nichtverformbarer Kaniilenbereich 
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Schutzanspriiche 

1. Biegedrahtanordnung bei Kaniilen unci Kathetern, dadurch gekennzeichnet, daB 
ein plastisch verformbarer Biegeclraht spiralfOrmig urn die Kaniile I den Katheter 
angeorclnet ist. 

2. Biegeclrahtanorclnung gemaB Anspruch 1., claclurch gekennzeichnet, daB mehrere 
plastisch verformbare Biegeclrahte spiralformig urn die Kaniile I den Katheter 
angeordnet sind. 

3. Biegedrahtanordnung gemaB Anspruch 1.+2., dadurch gekennzeichnet, daB der 
oder die Drahte mit vozugweise Kunststoff beschichtet sind. 

4. Biegedrahtanordnung gemaB Anspruch 1.-3., dadurch gekennzeichnet, daB die 
Endbereiche deslder Drahte mit keiner oder geringer Steigung urn die Kaniile I 
den Katheter gewickelt sind. 
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lntracardiac blood pump (1 0) has a drive portion (11) and 
a suction portion (12). The suction part (12) is connected 
a flexible hose (14) of the pump (1 0). For stretching of the 
hose (14) of the pump (1 0) from the right atrium (21) to 
the pulmonary artery (26) at the distal end of the hose 
(14) of the pump (1 0) is positioned a balloon (35) which 
acts in the bloodstream as a guide element and srhavan 
is behind a stream of blood. This simplifies the positioning 
of the blood pump (1 0) in the heart. 
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Intrakardiam krevni eerpadlo (lO)mahnad cast (11) a 
nasavaci cast(12). Knasavacf casti(12)jepi'ipojenaohebna 
hadice (14) Cerpadla (1 0). Pro protaZeni hadice (14) eerpadla 
(1 0) od prave pi'edsfne (21) k pulmomilni arterii (26), je na 
distalnim konci hadice (14) eerpadla ( 10) umisten balonek 
(35), kterypiisobf v proudu krvejako vodfci prvekaje 
srhavan sebou proudem krve. Tim se ~ednodl!Sf polohovam 
krevruno eerpadla ( 1 0) v srdci. 
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Intrakerdialn! krevn! cerpadlo 
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Vynalez se tyke intrakardialniho krevniho cerpa­
dle, a zejmena pak krevn!ho cerpadla, ktere se mOze 
zavadet pres sousedfci cevy do srdce, atzy se podpo~i­
la pt'irozena srdecn{ funkce nebo atzy se tato nahradi­
la kontinualnim provozem cerpadla. 

Jedno z takov.Ychto cerpadel, slouzici pro podpo­
ru srdce je popsano ve WO 94/09835 /Jervik/. Toto 
cerpac! za~fzen! je opatreno na sobe nezavislymi cer­

padly, ktere sestavaj{ z casti cerpadla a s ni na tu­

ho spojene hnac{ casti. ~erpacf cast jednoho z cerpa­

del se zavadi pres apekaln! operacn! otvor tak do le­

ve komory, aby se pres levou komoru zavedla do aorty. 

Druha cast cerpadla se dalsim, s vjhodou apekalnim ot­

vorem, zavadf do prave komory tak, aby se z prave pred­
s{ne dopravila do pulmonalni tepny. Cerpadla jsou na 
svem vjstupu prodlouzena hadicovou vystupn! kanylou, 

ktera se m~ze zavadet skrz stavaj!ci srdecn! chlopen. 

Intrakardialn! krevni cerpadlo, ktere se zavadi 
z aorty pres chlopen aorty do leve predsfne, je znamo 

z WO 97/37696 /Rau et al./. U tohoto je vjstupn! cast 
cerpadla prodlou~ena hadici, ktera prochaz{ skrz chlo­

pen aorty. 

Z WO 97/37697 /Rau et al./ je znamo intrakardial­

nf krevni cerpadlo, ktere se mOze zasouvat cevou. I to­
to krevn{ cerpadlo je na sven v.Ystupn!m konci prodlou-
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~eno sac! hadicf. Tato sac! hadice je onat~ena na­
fouknutelnym balonkem, ktery slouz! jake uzav!rac! 
zarfzenf, aby se zabranilo toku krve bocne okolo sa­
c! hadice. 

Konecne je z US patentu 4 753 221 /Kensey at al./ 

znam cerpac! katetr, ktery ma cerpadlo, ktera se de 
umfstit v srdci. Toto cerpadlo sestava z obezneho ko­
la a telesa cerpadla, ktere obklopuje obezne kolo. 

Teleso cerpadla se m~ze umfstit do srdce ve ztlace­
n~m stavu a notom rozvinout nafouknut!m pomoc! balon­

ku, ktery je spojen s telesem cerpadla. 

Dale jsou pro diagnostick4 ~cely zname malopr~­
merove katetry, slouzici pro zjistovan! tlaku proudu 

a objemu proudu, ktere maj! na distalnfm konci kate­
tru nafouknutelny balon. Tento balon se pro um!steni 

spicky kateru pouziva v pulmonalni arterii. 

u intrakradialnich knevnich cerpadel, ktera se 
zavad! do srdce p~es cevu, je obtizne ~mistit krevni 
cerpadlo v srdci n~esne. Zejmena, kdyz se krevn! cer­

padlo zaved! skrz horn! dutou ?ilu, aby se krev cer­
pala z prave predsine do pulmonalni arterie, je pres­
ne umisteni krevniho cerpadla obt!znet nebot cerpadlo 
mus{ provest zmenu smeru okolo temer 180 °, aby na­

savac! otvor lezel v prave presini a vypoustec! otvor 
v pulmonalni arterii. K tomu p~istupuje jeste to, ze 

v prave nfedini jsou cetne vazivove nitky a svaly, kte­
re drzi trojcioou chlopen a zajistuji c{oy chlopne vu­
ci prorazeni a zajistuji tvarovou stalest srdce. Mezi 
takov,Ymito vazivov,Ymi nitkami a svaly se musi zava-
det krevni cerpadlo, ktere se zavadi p~es dutou zilu. 
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Vynalez si klade za zakladn! ulohu v.ytvofit in­

trakardialnf cerpadlo, ktere se mu~e relativne snadno 
umistit v srdci. 

Podsteta v.ynalezu 

~esen! teto ulohy se podle vynalezu provad! zna­
ky uvedenjmi v patentovem naroku 1. 

U krevnfho cerpadla pod1e vyna1ezu je na vytlak 

cerpadla nasazena ohebna hadice, jejfz distaln! konec 
nese balonek, pusobfc! v proudu krve jako vod!c! prvek. 

Vynalez vyuzfva t~ okolnost, ze p~irozeny proud kr~e 
v srdci vede od hlavn! zfly do prave predsfne skrz 

nravou komoru do pulmonaln! arterie. Krevni cerpadlo, 

ktere rna na distalnfm konci hadici s balonkem, se za­
vad! podel tete cesty, pricemz balonek, pohybuj!c! se 
krevnim proudem najde automaticky svou cestu od prave 

predsfne do pulmona1n! arteria. Vystupnf cast hadice 
se nakonec stabilizuje v pulmonaln! arterii, zat!m 
co se cerpacf cast nachazi v prave ptedsi~i. Hadice 

cerpadla se p~i tom ohne priblizne o 180 °. Timto zpu­
sobem se poda~i umfstit konecne hadici cerpadla pY.es­

ne v srdci, ani~ by se muse1o provadet dotykove pokus­
ne narazen! yYstupni casti hadice na steny srdecni ko­
mory, nebo aby byl nezbytny pomocny diagnosticky pro­

st~edek I rentgen nebo ultrazvuk/. 

Intrakardialne zahrnuje ve smys1u predlozeneho 

vyna1ezu srdecni komory /ventriku1y/, predsine a hra­

nic{cf pahy1y cev. 

Je vyhodne, kdyz hadice cerpadla je v sou1adu se svou 

konecnou polohou , kterou zaujima v srdci, predem ohnu-
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ta. Toto v.yzaduje ohyb minimalne o asi 150 °. Hadi­
ci must byt sice pro zavadeni skrz dutou zilu pro­

pujcena schopnost se narovnat, ale ve stavu rozpi­
nani by mela zaujmout tvar p{smene U nebo p{smene 

V. Obvzlaste je vyhodne, kdyz hadice cerpadla me tu­
host v ohybu, ktera se od proximalniho konce k di­

stalnimu konci zmensuje. Tfmto zpusobem se distalni 
konec muze snadno pohybovat jako hledac cesty' takze 
balonek muze lepe sledovat o~irozene prouden! krve. 

Balonek nemus{ byt nutne umfsten p~imo na ha-
dici cerpadla. Muze byt uoevnen na katetru, ktery je 
soucast{ hadice cerpadla a muze orob{hat skrz tuto 
uvnit~ nebo vne.V ka?.dem p~fnade k balonku nrobfhat 
unitfn{ orumer /svetlost/, kterym se balonek muze na­
~ouknout. Dodatecne muze byt uspo~adana druha svetlost, 

do ktere se zavadf vodic{ drat, pomocf nehoz se po­

souvanf hadice cerpadla dop~edu skrz syptem cev usnad­
ni. Po odstranen! vodfciho dratu se tato druha svet­
lost muze pouzivat jako svetlost pro tlakove cidlo. 

Podle vyhodne ~a~my proveden! je to uspo~adano 

tak, ze balonek obklopuje hadici cerpadla jako prsten­
covy balonek. To ma tu vyhodu, ze distaln! konec hadi­

ce ma v dusledku balonku zvetseny vnejs{ prumer, a 
tim muze byt pevne dr7en pulmonalnt chlopni. Timto 
zpusobem p~ispiva balonek k zakotveni konce hadice 
na pulmonaln! ch~opni, zat!m co se vystup hadice na­

chazi v pulmonalni arterii. Tim se zabrani tomu, aby 
vystuoni cast hadice vyklouzla z pulmonaln{ arterie. 

Dals! p~ednosti je to, ze prstencovy balonek tvo~! 

zaobleny tupy konec hadice cerpadla, takze se hadici 
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ceroadla nem~?e zo~sobit zadne poranen! sten cev a srd­

ce nebo jinych cast! srdce. Konecne se take zabren! to­

mu aby se konec hadice zasekl o okraj chlopne nebo sva­
lech v srdci. 

Vzhledem k tomu, ze se cast krve cerpadla napumpuje 

do hadice cerpadla, udrzuje se hadice cerpadla samocin­

ne otevrena. Jako hadice cerpadla se proto mdze pou?!t 

kolabujfc! hadice, napr!klad foliove hadice, jejfcz ste­
na neni tvarove stela. Skrz tuto hadici m~ze prob!hat 

katetr k balonku usporadanem na distalnfm konci. 

u intrakardialniho krevniho cerpadla s ohebnou ha­

dicf cerpadla existuje nebezpecf, ze krev vytekaj!c! z 
vystupn{ casti hadice vyvolava na hadici zpetny naraz, 

ktery m~ze mit za nasledek zpetne posunutf hadice. Tim­

to zpdsobem se mu?e stat, ze hadice vyklouzne z pulmo­

nalni chlopne. Vynalez si nroto klade za dalsi zakladn! 

ulohu vytvo~it intrakardialni krevn! cerpadlo, u kte­

reho by se zabranilo posunuti hadice v dusledku hydrau­

lickych reakcn!ch sil. 

~esen{ teto ulohy se proved! podle vynalezu zn~ky 

patentoveho naroku 13. Podle toho je na distalnim konci 

hadice upevnen tazny prvek, ktery je naplavovan cerpa­
nym proudem. u tohoto tazneho prvku se muze jednat 0 

plachtu nebo o balonek. Proud krve, vystupujici z konce 
hadice, naraz! proti taznemu prvku, c{mz vznika s!la 

smeruj!c! dopredu, pusob!ci proti vratne sile hadice. 

T{mto znOsobem slouzi tazny prvek ke stabilizaci poloho­

van! hadice cerpadla. 
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Dale jsou s odkazem na vykresy nlize v,ysvetle­
ny pffklady proveden! vynalezu 

Obr. ukazuj!: 

• • • • 

Obr. 1 prOrez znazornen!m srdce s krevn!m ~erpa-
um!st~nym v srdci, 

obr. 2 znazornenf krevnfho ~erpadla z obr. 1, 

obr. 3 rez podrobnostf III z obr. 2, 

• • 

•• 

obr. 4 druhy p~fklad proveden! krevn!ho cerpadla, 
obr. 5 tret! p~fklad provedenf a 

• • • • 

obr. 6 znazornenf katetru z prfk1adu provedenf po­

d1e obr. 5 ve zvet!enem me~ftku. 

Pod1e obr. 1 je krevnf ~erpadlo !2 intravazaln! 
krevn! ~erpadlo, tedy krevn! cerpadlo, ktere se mOze 

zasouvat systemem krevn!ch cev pacienta, tak aby pro­
niklo a~ dovnitt srdce. Vnejs! prOmer ~akovehoto krev­

n!ho cerpadlanen! na zadnem m!ste vets! nez s mm. Cer­
padlo !Q ma hnact ~sst !~ a s n! na tuho spojenou cer­
pac! cast !~· ~erpad1o 12 odpov!da napr!klad cerpa-

. 
• • • 

lum z WO 97/37696, takze jeho vnitrn! stavba zde neni 
blfze v,ysvetlena. V prechodove Oblasti mezi hnac! ca­
st! 11 a cerpac! casti 1g se nachazej! sac! otvory !J, 
jimi~ je krev nasavana radialne zvenci dovnitr. ~erpacf 

cast !~ obsahuje I neznazornene/ obezne ko1o, ktere 

pohanf krev v axia1n!m smeru. Na vystupn! casti !g cer­
padla je p~ipojena hadice !i cerpadla. Tato ma proxi­

ma1n! konec 15, spojeny s v.Ystupem ~erpadla 10 a distal--- ~-

n! konec 16 tvor!c! vystuon! cast hadice 14. 
. --

•• . 
• • • .. 
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Proxima1ni konec cerpad1a !Q je spojen s katatrem 

!I' ktery take obsahuje elektricka zasobovac! veden! 
pro hnaci cast 11. Dale m4 katetr 17 sv~tlost, ktera -- --
se m~ze pi"ipojit ke zdroji tlakoveho vzduchu. 

Hadice 14 cerpaf1a !2 a katetr !7 jsou ohebne. 

.. . 
• • • . . 

Rigidni de1ka cerpadla !Q neni vets! nez 35 mm, aby 
cernadlo !Q pros1o zak~ivenfmi systemu krevnich cev. 
Delka hadice !1 cerpad1a !Q je pri nejmenaim dvakrat 
tak velka jako rigidn£ delka ceroad1a 10. Hadice 14 cer-

~ -- --
padla !2 rna de1ku asi 12 em a vnejsi prumer asi 8 mm. 
T1oustka jeji steny je 0,05 mm az 0,2 mm. Po1omer zak'!'i­
ven! ohybu hadice !1 je 40 mm az 60 mm. 

Na obr. 1 je znazornen prurez srdcem ~2· Do prave 
pres{ne ~! usti doln! duta 711a ~! a horn{ duta z!1a 
g~. Mezi pravou preds!ni g± a pravou komorou g1 se na­
chazi trojc!pa chlope~ g~. Mezi pravou ~om6rciu~g1 a pul­
monalnf arterii 26 se nachaz! ou1mona1ni chlooe~ 27. Od 

. --
oulmonaln{ arterie 26 tece krev k plic!m a odtud zpet 
. --
do leve p~edsfne g§ a k 1eve ~omore g2. Mezi 1evou ko­

morou g2 a aortou ~2 se nachazi aorta1n! chlooen ~!· 

Cerpadlo 10 se jako cerpadlo praveho srdce um!sti 
tak, ze dooravovano od prave oreds!ne g! do pulmonelni 

arterie ~§· Za tim uce1em je u znazornene formy provede­
n{ prostrceno horn{ dutou zilmu gJ. Bylo by take mozne, 
provest zavedeni doln! dutou z!lou 22. Behem zavaden! --
cerpadla !2 je hadice !1 cerpadla !Q um!stena pred cer-
oadlem 10, to znamena, ze lez! ve smeru proudu krve ob-. --
kloouj!ci cerpadlo !Q po proudu smerem od cerpadla !Q· 

Na distalnfm konci !§ hadice !1 cerpadla !Q se 
nachazi balonek ~2, ktery je zde podle obr. 2 a obr. 3 

• • . . 
• • • • • . 
• • 
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vytvo~en jako prstencovy balonek. Balonek J2, na­
fouknuty plynem /naprfklad vzduchem, heliem, co2; 

. 

nebo kapalinou me vnejsi pr~mer vets! nez hadice !1 
cerpadla !Q· Nasledne tvo~{ balonek J2 vodici pr­
vek, na kterem pusobi prirozeny proud krve, a tehne 
se sebou vodici prvek. Tim se balonek ~~ oplachuje 

nejd~ive do prave komory ~1 a potom do pulmonalni 

arterie 26. 

.. 
• . . . 
• . . • .. 

Balonek J2 se nafukuje tim, ze se v orumer vnit~­
n{ho tlakoveho kanalku J§ je pres otvory JI spojen 

s vnitrkem orstencoveho balonku J2· V hadici !i cer­

padla !2 tece krev vnitrnim kanalkem J~ pro krev, 
jehoz prurez je podstatne vets{ nez pr~mer vnitrnfho 

tlakoveho kanalku J§. Vnit~ni tlakovy kanelek J§ je 
p~ipojen k odpovfdajicimu vnitrnimu tlakovemu kanalku 

oroximelnfho katetru !1, takze se jeho tlak muze r{dit 
mimotelne. 

Hadice !1 cerpadla !9 je na obr. 2 znazornena 

v rozepnutem stavu. Radice ~1 cerpadla ~2 je ohnuta 
do tvaru pfsmenee U nebo do tvaru pismene V, to zname­

na, ze ma tvarovou pame~, takze neni v srdci vystave­

na zadnemu podstatnemu nucenf a sama o sobe take ne­

vyvolava zadne podstatne nuceni na srdce. Na obr. 2 

ukazuje zacerneni puntikova~e oblasti tuhost hadice 11 
cerpadla 10. Na proximalnfm konci 15 je tato tuhost -- --
velmi velka a smerem k distalnimu konci 16 se potom --
stale sni7uje. To znamena, fe distalnf konec !§, na 

ktere se nachezi balonek .J.2, se muze pomoc{ balonku 

J2 volne pohybovat a byt vedena. 

•• . . 
• . 
• • . • .. 
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Jak vyplyva z obr. J, precniva belonek J2 ne dis­

talnim konci pres konec 12 hadice !1 cerpadla !Q, 
takze balonek 12 tvo~! zaobleny konec 12 hedice !1, 
ktery nevytvarf nebezpec! zahaknutf na preka~kach. 

• • • • 

Na proximalnim konci balonku J2 tvor! tento prsten­

cove podriznutf 1!, do ktereho mohon vniknout c!py nul­
monalnf chlonne g7, tek7.e pulmonalni chlopen g7 za­
branuje zpetnemu couvnuti konce hadice. 

Jak je znazorneno na obr. 2 a J, napina se p~es 

vystupni cast 42 hadice !1 tazny prvek 1J ve forme 
kooulovite plachty. Tento tazny prvek 1J sestava z 
tenke ohebne kuze, ktera je upevnena mustky 11 na ba­
lonku Jz• Krev, vytekajici z vystunni casti 1~ hadice 
!1 proud{ proti taznemu prvku 1J a pusob! tedy na 
ha!iici !1 cerpadla tahem, ktery ktery k1ade odpor oro~ 
ti zpetnemu narazu. Tim se zabrani tomu, aby dista1ni 

konec 16 hadice !1 cerpad1a !Q se v dus1edku hydrau­
lickeho zpetneho narazu posunu1 a eventuelne aby vy­
klouz1 z pu1mona1nf chlopme gr. 

Radice !1 cerpad1a 10 sestava s v;Yhodou z oo1y­

urethanu, ktery se projevil jake obvz1aste v;Yhodny. 

U pr!kladu oroveden! podle obr. 4 je k cerpadlu 

10 p~ipojena hadice !1~, ktera obsahuje pruznou ooer­
nou strukturu 12 ve forme sroubovice z karbonu nebo 
kovu. Tato operna struktura 12 udrzuje hadici !1~ 
cerpadla otevrenou a p~sobi pozadovanou tuhost v ohy­

bu, ktera se rovnez mu~e menit pomoci delky hadice !1~· 
Hadicf ±1! cerpadla probfha katetr 1§, ktera ma na 
distalnim konci balonek )Sa. Tento balonek JSa tvor! --- ---

• • . 
• • . 

•• 
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vod{cf prvek pro hadici !1! ~erpadla. Katetr !§ ob­
sahuje vnit~ni tlakovy kana1ek. Jeho vnejsi pr~mer je 

podstatne mens! nez prumer hadice !1! ~erpadla, takze 
v hadici !i! ceroadla je k dispozici dostate~ne ve1ky 
pru~ez pro tok krve. Katetr 1§ je soojen s katetrem 

!7.· 
Jako tazny orvek 1J~ je usporadana koule umiste­

na v odstupu za vjstupem ig hadice !1~ a je upevnena 
na katetru 1§• Proud krve t1acici proti taznemu prvku 
1J~ zabranuje zoetnemu couvnuti dista1niho konce !§ 
hadice 14a k cerpadlu 10. Hadice 14e cerpadla 10 --- -- --- --
je zakotvena pomoci prfdrzneho za~fzeni 11 na taznem 

prvku 1.J~· 

U p~fk1adu provedenf pod1e obr. 5 a 6 je hadice 
14b cerpadla 10 smrstite1na hadice 14b cerpadla 10, --- -- --
ktera je z tenkeho fo1ioveho materialu, ktery nema 

. 
• • • 

zadnou vlastni tvarovou stalest. Hadicf !i~ cerpadla 
10 probiha katetr 48, ktery nese na svem distalntm kon-
-~ --
ci ba1onek J~!· Tento katetr 1~ je soojen s katetrem 
!7.• Distalnf konec 16 hadice !1~ cerpad1a !Q je 
spojena s katetrem 1~ a hadice !1~ cerpad1a !Q ma 
vjstupni otvory 12 pro vystup krve. P~i zavadeni ~er­
padla 10 podle obr. 5 6eni cerpad1o 10 v provozu, tak--- --
ze hadice !1~ cerpad1a !2 je smrstena. Pomocf balonku 
35a se zavede mekky a ohebny katetr 48 do srdce, pri---- --
cemz tento je polohovan v hadici 14b cerpadla 10. Je-

--~ ~-

stlize se potom cerpadlo 10 uvede do provozu, tak se 

hadice !1~ cerpadla !Q rozsiri. 

Pro usnadneni po1ohovani muze katetr .J§L-1~ podle 

obr. 6 mit krome vnit~niho tlakoveho kanalku i2' vedou­

cfho k balonku J2~, mit dalsi vnitrni kanalek 22, ktery 

. . 
• • • . . . 
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je urcen pro pojmuti vodiciho dratu 2! a po odstrane­

nf vodiciho dratu 2! je urcen pro extern{ mereni t1a­

ku. Tento vodici drat 2!' ktery vede take katetrem !I 

. 
• • • 

a cerpad1em !2 ' umoznuje operujicimu ~eka~i, aby ov1i­
ni1 ~1zen~ po1ozenf hadice !1~ cerpadla 10. Potom se 

vodici drat 2! vytahne. 

Podle obr. 6 muze byt na kateru 1~ vytvo~en otvor 

2g, ktery je spojen s vnitfnim kana1kem zQ a je uza­

vren vodicim dratem 2!• Pote co se vodicf drat 21 vy­
tahne z vnit~niho kanalku zQ, vnika otvorem 2g krev 

• • 

•• 

do vnit~niho kanalku 22· Vnirni kanalek 22 m~ze byt spo­
jen s t1akovym cidlem pro meren~ tlaku krve, aby se 
takto mohl krevn{ tlak merit behem cerpani v pu1monalni 

arterii a pop~foade se mohl ovlivnit. 

Jest1ize se polohovanf hadice 14b cerpadla !Q 
orovadf bez vodfcfho dratu z!, tak se muze pomoci me­

ritelnych orubehu tlaku v dalsim vnitrnfm kanalku 22 
me~it tlak na miste 2~· z prubehu tlaku se muze zjistit 

p~esna oo1oha dista1ni spicky hadice 14b cerpadla !2· 
Prumer balonku nesm{ byt tak velky, aby podstatne 

branil prutoku pulmonalnf arterii g§ nebo dokonce pul­
monalni arterii g§ uzavrel. Zpravidla nesmi byt jeho 
prumer vets{ nez ]0 mm. Dale by balonek mel byt vysoce 
pruzny, na rozdil od dilatacnfho balonku. Jako material 

balonku se proto z duvodu pru?nych vlastnosti hod! si­

likon, latek, a s vjhodou polyurethan. 

Balonek se muze, zatim co tento plave jako vodici 

prvek pro hadici katetru v proudu krve, byt nafukovan 

velkym tlakem a konecne zmensen pomoci snizeni tlaku, 
aby pusobi1 jako taz.ny prvek, ktery je naplavovan prou­

dem z cerpadla. 

. 
• . 
• 
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P A T E N T 0 V ~ N A R 0 K Y 

1. Intrakardia1ni krevni cerpad1o s radia1ne nasa­

vajici a axia1ne dopravujic! cast! /11/ cerpad1a /10/, 

ktera je spojena s katetrem /17/, a ohebnou hadic! /14/ 
ceroad1a /10/ spojenou s s vystupem cerpad1a /10/, ktera 

rna proxima1n{ konec /15/ hranic!ci 

/10/ a dista1n! konec/16/, tvo~ici 

/14/, v y z n a c u j t c i s e 

/14/ cerpad1a /10/ rna b1izko sveho 

s vjstupem cerpad1a 
vystupn{ cast hadice 

t i m , ze hadice 

dista1niho konce /16/ 

ba1onek /35/, strhavany proudem krve a ousobic{ jako vo­

d!ci prvek. 

2. Krevni cerpad1o pod1e naroku 1, v y z n a c u­

j i c i s e t i m ' ze hadice /14/ cerpadla /10/ je 

o~edem ohnuta o vice nez 100 °, s vjhodou asi o 150 °, 
). Krevn{ cerpad1o pod1e naroku 1 nebo 2, v y -

z n a c u j i c { s e t i m ' ze hadice /14/ cerpad1a 

/10/ rna pevnost v ohybu, ktera se ve smeru od proxima1-

n1ho konce /15/ k dista1nimu konci /16/ snizuje. 

4. Krevni cerpad1o pod1e jednoho z naroku 1 az 3, 

v y z n a c u j i c i s e t i m ' ze hadice /14/ 

cerpad1a /10/ ma uvnit~ nebo vne katetr /46,48/, ktery 

pfecn{va pfes dista1n! konec /16/ hadice /14/ cerpad1a 

/10/ a na strane distaln!ho konce /16/ nese balonek 

/35a/. 

5. Krevn! cerpad1o pod1e jednoho z naroku 1 az 3, 
v y z n a c u j i c i s e t i m , ze balonek /35/ 
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