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(54) Title: FLUID PUMP

(57) Abstract: The invention relates to a fluid pump, in particular liquid
pump, with a rotor, with a rotor shaft ( 11) and with at least one rotor
blade for delivering the fluid, wherein the rotor with regard to its diame
ter may be changed between a first, compressed condition, and a second
expanded condition, wherein the at least one rotor blade comprises at
least two erection elements (12, 13, 14) which are distanced to one an
other along the longitudinal axis (18) of the rotor shaft ( 11) and which
project away from the shaft in the expanded condition of the rotor, as
well as at least two limp rib elements (25, 26, 27, 28, 29, 30) which run
at a distance to one another from one erection element (12, 13, 14) at
least up to a further erection element, wherein a limp membrane (10) is
held between the rib elements, which is tautened in the expanded condi
tion of the rotor. A good compressibility of the rotor with low counter-
forces, as well as a simple setting-up of the rotor may be achieved by the
membrane-like design of the rotor blades. The membrane may for exam
ple be manufactured with the immersion method.
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Fluid Pump

The invention lies in the field of medical technology, and in particular of precision

engineering, where the precise shaping and manufacture of technical components of a small

construction size is at the forefront.

This problem plays an important role for example with the construction of micro-pumps,

which on the one hand need to be of a high-performance and reliable, but on the other hand are

to combine a minimal construction size with an acceptable delivery performance, and this with

as low as possible costs.

Moreover, with many medical applications as well as with other special applications,

there exists the requirement for such a pump to be temporarily reduced in size for introduction

into a difficultly accessible space, in order to be able to accordingly increase its size again after

the introduction into the application space. Added to this is the demand in the medical field for

the pump, after the application for example in a space within a human body, to also be reduced in

size again, in order to be able to remove it from the body without major operations.

In medical technology, this object occurs for example with the provision of catheter

pumps which may be introduced into the bloodstream, and may deliver blood, e.g. in a heart

chamber.

Such fluid pumps which may be changed in particular with regard to their diameter, are

for example known in designs which use so-called shape-memory materials, wherein the design

at a first temperature obtains a certain shape and automatically changes this on transition to

another temperature.

With the use of such materials, apart from the high costs of the starting materials

however, one must consider a series of additional mechanical problems, which specifically relate

to the memory characteristics and may be functionally disadvantageous.

Expandable and compressible fluid pumps are already known from the state of the art.

The patent document DE 100 59 714 Cl for example shows a pump which together with the

pump drive may be pushed through a blood vessel. The blood flows there through a cannula

whose diameter may be expanded or compressed for changing the flow conditions.

A further design of a blood pump is to be deduced from WO 03/103745 A2, whose rotor

may be radially compressed and expanded. According to the publication document, different



designs are suggested for achieving the expansion ability. For example, by way of different parts

of the catheter which may be displaced to one another, one may achieve a compression of the

pump housing and a radial expansion which this entails, after the introduction into the body of a

patient. Moreover, disclosed is also the possibility of producing a helix structure of a wire by

way of rotating a drive shaft with respect to a wire located in the catheter, said wire forming the

outer radial delimitation of a rotor blade.

WO 03/103745 A2 furthermore discloses a rotor structure with a plurality of blades

which are stiff per se and are pivotably articulated on a central part and which assemble

themselves on operation of the pump and thus produce a fluid pressure.

A pump is known for EP 0 768 900 Bl, with which rotor blades are articulated onto a

shaft within a pump housing, in a manner such that in the idle condition they are folded onto the

shaft, and on operation may be erected perpendicularly to the shaft, in order to deliver the fluid.

According to the known state of the art, thus a series of mechanisms is known, which

permit an active assembly of a delivery blade / rotor blade, by way of actuation elements,

wherein the surface of the rotor blade in each case is deformed and/or unfolded.

It is the object of the present invention to provide a fluid pump whose rotor is constructed

in an as simple as possible manner, in order to permit a secure functioning during operation as

well as a simple and reliable expansion as well as compression, with as little as possible counter-

force.

According to the invention, this object is achieved by the features of patent claim 1.

Thereby, the invention is based on the concept of a rotor blade of the pump comprising at

least two erection elements, which are fastened distanced to one another in the longitudinal

direction of the rotor shaft, in a movable manner on this and which carry limp rib elements for

example rib wires or rib strips, which run at a distance to one another between at least two

erection elements, wherein a limp membrane is held between the rib elements.

"Limp" denotes "rope-like" mechanical properties. If tension (= pulling force) is applied,

the ribs are very stiff in terms of elongation (see Fig. 14a). However, if no tension (= pulling

force) is applied, the rib elements are very flexible (i.e. have a high flexural elasticity; i.e.

bending is very easy). If such a limp rib element is erected (as shown in Fig. 14b) and no pulling

force is applied, it bends (only due to its own weight) as it is unstable and has a low flexural



modulus. Thus, as shown in Fig. 14b, if a pulling force equal to or less than 0 N is applied, the

rib element bends (except for the case that the rib element is hanging or lying on a plain surface).

These limp rib elements are different to rib elements as they may be known in the prior art. It is

important for the invention that the at least two erection elements which are fastened to one

another in the longitudinal direction of the rotor shaft are relatively stiff compared to the limp rib

elements. Thus, the instant construction does not show a (homogeneous) frame structure in

which the rib elements and the erection elements have similar mechanical properties. On the

contrary, the limp rib elements should have a low flexural modulus in order to comply with the

membrane, whereas the erection elements provide stability. In a preferred embodiment, the

geometry and/or material of the erection elements is different from the material of the limp rib

elements. Whereas the erection elements have to be rather stiff in terms of flexural elasticity, the

rib elements have to be rather flexible (like a flexible wire/rope/ribbon). The characteristics of

these limp elements hereby lead to a significantly more compliant behavior of the rotor as a

reaction to the flow pressure. By way of this, the rotor with regard to its shape adapts to the local

flow pressure in a manner such that pressure peaks are avoided and a more uniform pressure

distribution sets in. As a result, the forces acting on the fluid are smaller, which particularly with

the application in blood pumps leads to a reduced damage of the blood. With a suitable design,

the parts of the rotor blade may also flutter, which effects additional eddies, which in contact

with body fluids such as blood minimizes the problem of formation of clotting.

In the compressed condition of the rotor, the erection elements are applied as far as

possible onto the rotor shaft, so that the pump delivers almost no fluid, even with a rotation of the

rotor. When the erection elements are erected, i.e. at least partly moved away from the rotor

shaft, then the rib elements running between these tension (tauten) a membrane, which forms the

essential surface of the rotor blade / impeller of the pump.

It is due to the design according to the invention that the rotor blade on the one hand

becomes particularly small in the compressed condition, so that it may be accommodated in a

space-saving manner, and on the other hand, in the set-up condition, it provides an adequately

large and adequately stabilized surface, by way of which the fluid may be delivered on operation

of the rotor. The rib elements stabilize the membrane in a manner such that a tearing is prevented

despite the very thin design of the membrane. The rib elements may form the outer delimitation

of the membrane and thus also prevent a tearing of the membrane from the outer side, for

example due to overload or mechanical injuries.

The rib elements for their part are held between the erection elements, which due to their

movement ability permit the folding out of the rotor blade.



The erection elements for example are connected in each case with a first of their ends to

the rotor shaft in a pivotable manner. Thereby, each erection element may be stiff per se and be

connected to the rotor shaft or to a hub, either by way of a bearing or a film joint.

Simultaneously, the pivoting movement of the erection elements may be limited by way

of a suitable design of the joint or film joint or of the bearing, in a manner such that these

erection elements on operation, on the one hand are set up (erected) by way of the fluid counter-

pressure of the fluid to be delivered, but on the other hand such that their set-up movement is

limited in the condition of the largest expansion of the rotor blade, so that the rotor blade is

stabilized on operation.

The erection elements may be stiff per se or may also be bendable up to a certain shape

limit.

The erection elements may be pivotable in the peripheral direction with respect to the

rotor shaft, or also in a plane which contains the longitudinal axis of the rotor shaft.

In any case, the articulation of the erection elements may be designed in a manner such

that these in the idle condition bear on the rotor shaft approximately parallel to this, and are at

least partly radially spread away from this in the operating condition.

Advantageously, the erection elements may have a shape which in the compressed

condition produces a force which, given a rotation of the rotor in the operational direction, acts

on these erection elements and effects an assembly of these erection elements, due to the counter

pressure of the fluid.

This shape may for example be achieved by way of beveling or a blade shape or propeller

shape of the erection elements.

The erection elements may advantageously be offset to one another in the peripheral

direction along the longitudinal axis of the rotor shaft. By way of this, with two or more erection

elements belonging to a single rotor blade or a single impeller, a helix-like shape is made

possible with respect to the membrane held between them.

The membrane may be connected to at least two rib elements advantageously in a fixed

manner, and these rib elements may for example be designed as wires.



Thereby, the rib elements may advantageously be connected to at least two erection

elements in a tension-proof manner, for example to the erection elements which are outermost

seen in the longitudinal direction of the rotor shaft

The rib elements may also be connected in a tension-proof manner to the erection

elements lying therebetween, in as much as such exist, but it is also conceivable for the rib

elements to only be guided in these and to be able to move a little with respect to these middle

erection elements.

Thus, by way of the length of the rib elements one may also define how far the

individual erection elements may be deflected on operation of the motor, for shaping an erected

membrane. The limitation of the movement of the erection elements may thus be ensured by way

of a suitable choice of rib elements, in particular their length.

The rib elements may thereby advantageously run parallel to one another, in particular in

a spiral manner around the rotor shaft. One may also envisage the rib elements being

concentrated in the region of particularly high loading of the membrane on operation.

The rib elements may be manufactured from the same material as the membrane, for

example a plastic, and be designed in a strand-like manner. They may however also consist of a

firmer, less stretchable material than the membrane, for example another plastic or of a metal.

The membrane is advantageously designed in a more elastically and easily deformable manner

than the rib elements.

For producing an as large as possible pump pressure, one advantageously envisages the

membrane sealingly terminating on the rotor shaft. By way of this, the flow of fluid past the

membrane in the region of the rotor shaft is prevented, which would lead to pressure loss and a

performance loss of the pump.

Apart from a fluid pump of the type mentioned above with a suitable design of the rotor,

the invention also relates to a method for manufacturing a rotor for such a pump, with which by

way of immersion of the rib elements into a fluid, a fluid membrane is formed between these,

which solidifies after removal from the fluid. This is a method for manufacturing a rotor for a

fluid pump in particular liquid pump, with a rotor, with a rotor shaft and with at least one rotor

blade for delivering fluid, wherein the rotor with regard to its diameter may be changed between

a first, compressed condition, and a second expanded condition, wherein the at least one rotor

blade comprises at least two erection elements which are distanced to one another along the

longitudinal axis of the rotor shaft and which project away from the shaft in the expanded



condition of the rotor, as well as (preferably, but not necessarily, at least two, preferably limp) rib

elements which run at a distance to one another from one erection element at least up to a further

erection element, wherein a limp membrane is held between the rib elements, which is tautened

in the expanded condition of the rotor, characterized in that a membrane is formed by the

immersion of the rib elements into a fluid, between these, said membrane solidifying after

removal from the fluid.

The membrane may be manufactured in a simple manner by way of this manufacturing

process and may also be connected to the rib elements in a firm manner in the same working

procedure. The desired distribution of the rib elements on the membrane surface may be fixed in

at least in two dimensions in the same run.

Of course, the membrane may also be manufactured by way of bonding a

premanufactured film onto the rib elements or by way of a similar joining technique.

The invention is hereinafter shown and subsequently described by way of one

embodiment example and by way of several drawings. Thereby there are shown in:

Fig. 1 in a section, one application of a catheter provided with a pump,

Fig. 2 by way of example, a pump rotor with a rotor blade,

Fig. 3 a rotor blade as well as an erection element,

Fig. 4 a plan view of a rotor shaft with a hub and two rotor blades,

Fig. 5 a transverse view of the rotor of Fig. 4,

Fig. 6 schematically, the manufacturing procedure for a rotor blade with an immersion

method for manufacturing a membrane,

Fig. 7 a three-dimensional view of a pump rotor in an expanded form,

Fig. 8 a three-dimensional view of a pump rotor in a compressed form with folded-on

erection elements,

Fig. 9 an individual erection element,



Fig. 10 a further example of a pump rotor in the expanded shape,

Fig. 11 a pump rotor in an expanded form, wherein only half of the erection elements is

set up,

Fig. 12 in a plan view, a rotor with two profiled erection elements, as well as

Fig. 13 a rotor with set-up, propeller-like erection elements, but without a membrane, in a

perspective view.

Figs. 14a, b schematic drawings for showing mechanical properties of the limp rib elements.

Fig. 1 shows a catheter 1 which is introduced into a human blood vessel 2 up to a heart

chamber 3 and projects through a lock 4 out of the vessel 4. The catheter together with the micro-

pump 5 is led through this lock into the heart chamber 3 . For this purpose, on insertion, the pump

is set into a compressed condition in which the pump housing 6 as well as the rotor 7 is reduced

in size with respect to its diameter. The design of the rotor and of the pump housing envisages no

large restoring forces arising, which have the tendency to expand the pump against the force of

the vessel walls.

As soon as the pump 5 is introduced into the heart chamber 3, the rotor 7 may be set into

rotation by way of the shaft 9 led through the catheter 1, in order to deliver fluid. Simultaneously,

at least one rotor blade 10 is set up as shown in Fig. 2, either by way of mechanical actuation or

by way of its own rotation, and the effect of the fluid counter-pressure on starting operation of

the pump. The shaping and the mechanisms will be dealt with on more detail further below.

Fig. 2, in a three-dimensional representation, shows a rotor shaft 11 with erection

elements 12, 13, 14, 15, 16 as well as a membrane 10 stretched out between the erection

elements 12 to 16, which forms the rotor blade or the impeller. The membrane 10 in the

completely set-up or erected condition forms a helix-like structure, so that the pump rotor

delivers fluid on rotation in the axial direction. The rotation direction of the shaft is indicated by

the arrow 17.

The erection elements 12 to 16 according to the invention are moveably connected to the

rotor shaft 11, and in the idle condition, i.e. in the compressed condition, are folded onto this.

For this, Fig. 3 shows the case in which the erection element 13 may be folded within a

plane which contains the longitudinal axis 18 of the rotor shaft 11. Various possible positions of



the erection element 13 are represented in a dashed manner. The erection element 12 may be

fastened on the shaft 11 in a pivotable manner by way of a film joint or by way of a bearing.

Fig. 4 shows a different type of design of the erection elements 19, 20 in a plan view of

the shaft 11, which carries a hub 2 1.

If the rotor is rotated in the direction of the arrow 22, then the erection elements 19, 20

are set up further by way of the fluid counter-pressure, until they abut the abutments 23, 24. In

this position, the fluid opposes the rotor with the greatest resistance.

In each case, at least one further erection element 19a, 20a is provided with the erection

elements 19, 20, and rib elements 25, 26, 27 are fastened between these further erection

elements. A membrane 10a, 10b is fastened between the rib elements 25, 26, 27 (Fig. 5).

The represented rotor may then be used for a radial pump if the erection elements 19, 19a

and 20, 20a are not offset to one another in the peripheral direction of the shaft 11.

If the erection elements 19, 19a are offset to one another in the peripheral direction of the

shaft 11, then the respective membrane 10a, 1Ob assumes a helix-like shape and the pump rotor

also be used for the at least partial axial delivery of a fluid.

The possible manufacture of a rotor blade is represented by way of Fig. 6, wherein one

assumes three erection elements 12, 13, 14, between which rib elements 28, 29, 30 in the form of

wires or plastic strands are fastened. This premanufactured part is immersed into a fluid 31,

which for example may consist of a resin or contain a resin.

The viscosity of the fluid 3 1 and the distances between the rib elements 28, 29, 30 are set

in a manner such that a fluid film forms between the rib elements due to surface tension, which is

stable for a while, until the fluid hardens and solidifies by way of curing or cooling.

The number of the rib elements when required may also be two or more than three,

instead of the three.

Fig. 7 shows a three-dimensional view of a pump rotor with a shaft 11, from which three

erection elements 12, 13, 14 project at a maximal right angle.

Rib elements 28, 29, 30 are fastened between the erection elements 12, 13, 14, between

which rib elements a membrane is formed. By way of the rotation of the erection elements 12,



13, 14 this membrane similarly to the rib elements, assumes a helix-like structure, which on

rotation of the pump rotor leads to an axial delivery of the fluid.

The rotor of Fig. 7 is shown in the compressed form in Fig. 8, wherein the erection

elements 1, 13, 14 as well as the respective erection elements which lie opposite these and are

not shown in more detail in Fig. 7, are folded in each case parallel to the shaft 11. The rib

elements in this condition likewise run parallel to the rotor shaft 11, and the membrane hardly

offers any resistance to a rotation in this condition.

Fig. 9 in detail shows two erection elements 12, 12a which in the installed condition lie

diametrally opposite one another on a shaft 11 and may be folded away by 90°.

Fig. 10 shows eight such erection elements, of which in each case two lie diametrally

opposite one another on the shaft 11 and wherein corresponding rib elements are fastened to a

membrane only between fours of the erection elements. The membrane runs in a helix-like

manner and bears on the shaft in the region of this. The remaining erection elements are

advantageously yet provided with a membrane which likewise has a helix-like shape, for

increasing the efficiency of the pump.

Here, the representation of further erection elements, rib elements and coatings of a

further rotor blade which is offset with respect to the first one have been omitted in the

representation, for the purpose of a better overview.

Fig. 11 shows a rotor with a single rotor blade 10, which is fastened on four erection

elements 12. The erection elements 12a, which in each case lie diametrally opposite the

individual erection elements 12 with respect to the shaft 11, carry no membrane and in operation

also remain folded onto the shaft, in order to keep the eddy loss in the fluid as small as possible.

Here too, the rib elements and coatings have only been shown on one side for the

purposes of a better overview.

The folded rib elements by way of representation are to illustrate how the complete rotor

looks with folded elements.

Fig. 12 in a plan view shows a rotor shaft 11 which on operation rotates in the direction

represented by the arrow 32, wherein the erection elements 12, 13 are profiled in a manner such

that at the beginning, on starting operation of the pump, a radial outwardly directed force is



exerted on the erection elements, already due to the fluid counter-pressure, said force effecting a

spreading of the erection elements 13, 14 away from the shaft.

If the erection elements 12, 13 are spread out to a small extent, then the membrane

between them also begins to set itself up and produce a fluid counter-pressure, which rapidly

effects a further set-up of the rotor blade until the setting-up movement reaches its limits due to a

mechanical abutment or the limited deformability of the erection elements.

Fig. 13 finally shows a rotor with erected, propeller-like erection elements 40, 4 1 but

without membrane, in the perspective view.

The design according to the invention and the manufacturing concept of the represented

rotor blades, with a low effort, permits the manufacture of efficiently applicable rotor blades with

rib elements and membranes, which may be applied in a reliable manner. A high compressibility

of the rotor with a low counter-force may be achieved, since the rotor blades with the exception

of the erection elements consist of limp materials. The flow effects on starting operation of the

pump are utilized. If the rotor is to be compressed again, then a rotation opposite to the operating

direction is useful in order to fold the erection elements onto the rotor shaft 11 again.

(Description of Figs. 14a, 14b: see above.)



Claims

1. A fluid pump, in particular liquid pump, with a rotor (7), with a rotor shaft ( 11) and with

at least one rotor blade for delivering fluid, wherein the rotor with regard to its diameter may be

changed between a first, compressed condition, and a second expanded condition, wherein the at

least one rotor blade comprises at least two erection elements (12, 13, 14) which are distanced to

one another along the longitudinal axis (18) of the rotor shaft ( 1 1) and which project away from

the shaft in the expanded condition of the rotor, as well as at least two limp rib elements (25, 26,

27, 28, 29, 30) which run at a distance to one another from one erection element (12, 13, 14) at

least up to a further erection element,

wherein a limp membrane (10) is held between the rib elements, which is tautened in the

expanded condition of the rotor.

2. A fluid pump according to claim 1, characterized in that the erection elements (12, 13,

14) in each case with a first of their ends are fastened on the rotor shaft, wherein the respective

other end is movable with respect to the rotor shaft.

3. A fluid pump according to claim 2, characterized in that the erection elements (12, 13,

14) in each case with their first end are pivotably connected to the rotor shaft ( 1 1).

4. A fluid pump according to claim 3, characterized in that the erection elements (12, 13,

14) are connected the rotor shaft ( 11) in each case by way of a bearing or a film joint.

5. A fluid pump according to claim 2, 3 or 4, characterized in that the erection elements (12,

13, 14) are pivotable with respect to the rotor shaft ( 11) in its peripheral direction.

6. A fluid pump according to one of the claim 2, 3 or 4, characterized in that the erection

elements (12, 13, 14) are pivotable with respect to the rotor shaft ( 1 1) in a plane, which contains

the longitudinal axis (18) of the rotor shaft.

7. A fluid pump according to claim 1 or one of the following ones, characterized in that the

erection elements have a shape, which with a rotation of the rotor in the operating direction

produces a force acting on the erection elements and effecting the erection of the erection

elements, due to the fluid counter-pressure.

8. A fluid pump according to claim 1 or one of the following ones, characterized in that the

erection elements (12, 13, 14) are offset to one another in the peripheral direction along the

longitudinal axis (18) of the rotor shaft ( 1 1).



9 . A fluid pump according to claim 1 or one of the following ones, characterized in that the

membrane (10) is firmly connected to at least two rib elements (25, 26, 27, 28, 29, 30), in

particular rib wires.

10. A fluid pump according to claim 9, characterized in that the rib elements are connected in

a tension-proof manner to at least two, in particular to all erection elements (12, 13, 14).

11. A fluid pump according to claim 1 or one of the following ones, characterized in that the

erection elements (12, 13, 14) are pivotable in a limited manner up to a mechanical abutment

(23, 24).

12. A fluid pump according to claim 1, or one of the following ones, characterized in that the

rib elements (25, 26, 27, 28, 29, 30) run essentially parallel to one another.

13. A fluid pump according to claim 12, characterized in that the rib elements (25, 26, 27, 28,

29, 30) run around the rotor shaft ( 1 1) in an essentially spiral manner.

14. A fluid pump according to claim 1 or one of the following ones, characterized in that the

membrane (10) sealingly terminates on the rotor shaft ( 1 1).

15. A method for manufacturing a rotor for a fluid pump, in particular liquid pump, with a

rotor (7), with a rotor shaft ( 1 1) and with at least one rotor blade for delivering fluid, wherein the

rotor with regard to its diameter may be changed between a first, compressed condition, and a

second expanded condition, wherein the at least one rotor blade comprises at least two erection

elements (12, 13, 14) which are distanced to one another along the longitudinal axis (18) of the

rotor shaft ( 1 1) and which project away from the shaft in the expanded condition of the rotor, as

well as rib elements (25, 26, 27, 28, 29, 30) which run at a distance to one another from one

erection element (12, 13, 14) at least up to a further erection element, wherein a limp membrane

(10) is held between the rib elements, which is tautened in the expanded condition of the rotor,

characterized in that a membrane (10) is formed by the immersion of the rib elements (25, 26,

27, 28, 29 30) into a fluid, between these, said membrane solidifying after removal from the

fluid.

16. A method for manufacturing a rotor for a fluid pump according to one of the claims 1 to

14, characterized in that firstly the rib elements are aligned and that a membrane is thereafter

fastened on this.























INTERNATIONAL SEARCH REPORT
International application No

PCT/EP2010/001889

A. CLASSIFICATION OF SUBJECT MATTER
INV. A61M1/10 F04D29/24 F04D3/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELOS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61M F04D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation Ol document with indication, where approp πate of the relevant passages Relevant to claim No

X ,P EP 2 047 872 A (AIS GMBH AACHEN INNOVATIVE 1-10,14
SOL [DE]) 15 April 2009 (2009-04-15)
paragraph [0062]
paragraph [0063]
paragraph [0069]
paragraph [0070]
paragraph [0072]
claim 5
figures 2,6,11,12

WO 03/103745 A (ABOUL-HOSN WALID [US]) 1,15,16
18 December 2003 (2003-12-18)
cited in the application
the whole document

Further documents are listed in the continuation of Box C See patent family annex

* Special categones of cited documents
"T" later document published after the international filing date

or pπonty date and not in conflict with the application but
'A" document defining the general state of the art which is not cited to understand the pnnciple or theory underlying the

considered to be of particular relevance invention
'E" earlier document but published on or after the international "X" document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on pπoπty cla ιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another 'Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document refer πng to an oral disclosure, use, exhibition o r document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

'P" document published prior to the international filing date but in the art

later than the pno πty date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

22 April 2010 12/05/2010

Name and mailing address of the ISA/ Autho πzed officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Ri)SWiJk

TeI (+31-70) 340-2040,
Fax (+31-70) 340-3016 Gruber, Jeremie

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT
International application No

PCT/EP2010/001889

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category" Citation of document, with indication, where appropnate, of the relevant passages Relevant to claim No.

EP 0 768 900 A (REITAN OEYVIND [SE])
23 April 1997 (1997-04-23)
cited in the application
the whole document

DE 100 59 714 Cl (IMPELLA CARDIOTECH AG

[DE]) 8 May 2002 (2002-05-08)
cited in the application
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT
International application No

Information on patent family members
PCT/EP2010/001889

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2047872 A 15-04-2009 UO 2009046790 A2 16-04-2009

03103745 A 18-12-2003 AU 2003236497 Al 22-12-2003

EP 0768900 23-04-1997 AT 214294 T 15-03-2002
DE 69331713 Dl 18-04-2002
DE 69331713 T2 28-11-2002
DK 768900 T3 08-07-2002
ES 2170071 T3 01-08-2002
JP 3278160 B2 30-04-2002
JP 8500512 T 23-01-1996
SE 501215 C2 12-12-1994
SE 9202517 A 03-03-1994
O 9405347 A l 17-03-1994

US 5749855 A 12-05-1998

DE 10059714 Cl 08-05-2002 AU 2633702 A 11-06-2002
AU 2002226337 B2 17-11-2005
UO 0243791 Al 06-06-2002
EP 1337288 Al 27-08-2003
JP 3954966 B2 08-08-2007
JP 2004514506 T 20-05-2004
US 2004044266 A l 04-03-2004

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

