
(12) INTERNATIONALAPPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date
25 November 2010 (25.11.2010) WO 2010/133567 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61M 1/10 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/EP2010/056772 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

18 May 2010 (18.05.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
0900637-0 18 May 2009 (18.05.2009) SE (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): CAR- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

DIOBRIDGE GMBH [DE/DE]; Lotzenacker 3, 72379 ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Hechingen (DE). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(72) Inventor; and EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(75) Inventor/Applicant (for US only): REITAN, Oyvind LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

[SE/SE]; Villebradsvagen 10, S-226 53 Lund (SE). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

(74) Agent: BULLING, Alexander; Gerokstr. 1, 70188
Stuttgart (DE). Published:

— with international search report (Art. 21(3))

(54) Title: CATHETER PUMP

(57) Abstract: The invention refers to a catheter pump to be positioned in the ascending aorta ( 11) near the aortic valve (10) of a
human being, comprising an elongated sleeve 6 with a drive cable (5) extending through the sleeve and connectable at its proxi
mal end to an external drive source and a drive rotor near the distal end of the drive cable (5) mounted on a drive shaft (4) being
connected with the drive cable (5), wherein the drive rotor consist of a propeller (3) being enclosed in a cage (2) and wherein the
propeller (3) and the cage (2) are foldable from an insertion position close to the drive shaft (4) to an expanded working position,
characterized by means (7, 7a, 2a, 19) for anchoring the drive rotor (3) in the ascending aorta ( 11) near the aortic valve (10) after
insertion. The invention also refers to a method to position the pumping means of a catheter pump in the ascending aorta ( 11) just
above the aortic valve (10).



Description

Catheter Pump

[0001] "The Reitan Catheter Pump System" is a temporary circulatory support

system based on the concept of a foldable propeller at the tip of a flexible

catheter. The system is used in patients with heart failure when the native

heart is unable to support the body with sufficient oxygenated blood.

[0002] The system is described in European Patent EP 0768900 and in the

Swedish patent applications 0801459-9 and 0801460-7 and in the

following together with the latest improvements of the system. The

contents of said publications are included as a part of the present

application. The dimensions mentioned are preferred dimensions and not

intended to restrict the protection claimed for the invention.

[0003] There are several blood pumps on the market, but most of them require

major surgery to be implanted. The use of a foldable propeller has

therefore the advantage that while folded during the insertion it makes it

possible to introduce a large propeller with high-flow capacity into the body

percutaneously and without a need of surgery. After deployment the pump

has a large propeller during operation. The propeller is placed in a pump

head at the distal end of the catheter. In addition to the propeller the pump

head also consists of a cage made of filaments surrounding the propeller

in order to protect the aorta against the propeller.

[0004] The insertion of the pump is accomplished via a puncture in the arterial

system, preferably in the femoral artery in the groin through an introducer

sheath. In an earlier version the pump is advanced into the high thoracic

aorta with the pump head placed approximately 5 to 10 centimeters below

the left subclavian artery. Once in position, the propeller and its protective

cage are deployed via an umbrella-like mechanism at the proximal end of

the flexible catheter. In this position the rotation of the propeller creates a

pressure gradient inside the aorta. The blood pressure decrease created

in the upper part of the aorta facilitates the ejection of the left ventricle.

The increased pressure in the lower part of the aorta facilitates the

perfusion of the internal organs, especially the kidneys.

[0005] The transmission of power to the propeller is accomplished via a rotating



wire in the inner part of the catheter which is connected to a DC motor at

the proximal end. The rotational speed of the DC motor can be adjusted

and is monitored by a specially designed console.

[0006] "The CARDIOBRIDGE REITAN Catheter Pump System" consists of four

main components: 1. the Catheter - pump head, 2 . the drive unit, 3 . the

console, and 4 . the purge set.

[0007] The REITAN Catheter Pump itself consists of a flexible outer and an inner

catheter, which slide against one another to deploy the protective cage

and unfold the propeller within the cage. There is a flexible drive wire

running through the central lumen of the inner catheter. The inner catheter

also has small channels to transport 20% glucose solution to the pump

head for lubricating. One-third of the fluid is returned via the internal drive

shaft lumen, 2/3rds of the fluid is delivered into the patient.

[0008] The Pump Head

[0009] The pump head mounted at the distal tip of the flexible catheter is 35mm

(10 French) during insertion whereas the deployed pump head measures

approximately 19.5mm. The rotation of the propeller transmitted via the

rotating wire placed in the central lumen of the inner catheter starts at the

proximal end of the catheter (the drive coupling),which via a magnetic field

to a DC motor, is placed in a Drive Unit.

[0010] The Drive Unit

[001 1] The drive unit contains the DC motor and is positioned at the bed side of

the patient and has a magnetic coupling for connection to the catheter

pump at one end (the drive coupling). The other end of the drive unit is

connected to the console via an electric cable.

[0012] The Console

[0013] The primary functions of the console are to monitor and control the speed

of the catheter pump and the peristaltic pump for the purge fluid. All

controls and monitoring parameters for the system are displayed on a

touch screen.

[0014] The speed of the DC motor, rotating wire and propeller is adjustable and is

monitored and can be adjusted between 1,000 and 15,000 rpm.

[0015] The Purge System



[0016] The purge system is constructed to lubricate and to prevent entrance of

blood into the rotating parts of the pump. The purge system consists of

small channels inside the catheter to transport a 20% sterile glucose

solution to lubricate the internal components. Heparin will be added to the

purge fluid. 1/3 of the fluid is transported back through the inner lumen and

lubricates the rotating wire. 2/3 of the glucose solution enters the

circulation of the patient and seals off the shaft. The console controls the

speed of the peristaltic pump.

[0017] In the following improvements of the catheter pump are explained.

[0018] The design mentioned above lacks a fixation mechanism to safely place

and anchor the pump in the ascending aorta (above the aortic valve) when

the pump is inserted into the patient from the groin.

[0019] The problems of the insertion via the femoral artery are:

1. The pump needs to cross the bow in the aortic arch.

2 . The pump needs to be anchored in the ascending aorta in order to

avoid movement against and touch the aortic valve.

[0020] However, the pump of today can be placed in the ascending aorta during

heart surgery via a graft on the aortic arch or less commonly through the

right (or left) carotid artery.

[0021] In the present patent application the pump head can be advanced further

up in the aorta, crossing the aortic arch to be placed in the ascending

aorta.

[0022] There are specific advantages by placing the catheter pump in the

ascending aorta.

[0023] Backflow, the aortic valve and coronary perfusion

[0024] When the pump is placed in a tube (aorta), the rotation of the propeller will

create a pressure gradient inside the tube, the upfront pressure being

lower than the pressure behind the propeller. The pressure gradient

creates a backward flow along the wall of the tube. Because the flow along

the aortic wall occurs against the direction of the flow through the propeller

it can be regarded as a loss of energy.

[0025] The aortic valve is tri-leaflet valve connected at the wall of the ascending

aorta directly above the left ventricle. When the pump is placed above the



aortic valve the backflow is stopped by the leaflets. The net effect is a

higher pressure gradient.

[0026] In bench tests this pressure can increase to more than 3 times compared

with the pressure obtained in a straight tube.

[0027] The impact of this is:

1. Reduced afterload of the left ventricle, which implies less work load on

the left ventricle.

2 . Because the coronary arteries exit above the leaflets the increased

backward flow will increase the coronary perfusion pressure.

3 . The placement of the pump before the exit of the cerebral arteries, will

increase the perfusion of the brain.

[0028] The invention is also directed to a method to position the catheter pump

according to the invention in the ascending aorta just above the aortic

valve. Preferably the catheter is inserted via a puncture in the arterial

system, preferably in the femoral artery in the groin preferably through an

introducer sheath. The catheter pump then is brought and fixed in a

position in the ascending aorta just above the aortic valve. In use, the

catheter pump works in series with the heard.

[0029] The present invention will be described more in detail in the following with

reference to the drawings in which Fig. 1-3 show a first embodiment of the

invention in which the pump head is anchored by means of an extension of

the catheter, intended to be inserted into the heart.

[0030] Fig 4-6 show a second embodiment of the invention in which the pump

head is anchored by means of an extension of the catheter, intended to

rest around the outside of the aortic valve.

[0031] Fig 7-9 show a third embodiment of the invention in which the pump head

is anchored by means of parts of the cage surrounding the propeller,

extending out from the cage and resting against the wall of the blood

vessel.

[0032] Fig. 10-12 show a fourth embodiment of the invention in which the pump is

anchored by a together with the catheter insertable thread attached to the

catheter near the drive rotor and which can be controlled from the outside.

[0033] Fig. 1 shows the distal end of a first embodiment of the catheter according



the invention. 1 is the pumphead consisting of a cage 2 enclosing the

propeller 3 on a drive shaft 4 connected to a drive cable 5 running through

a sleeve 6 . The pumphead 1 is shown in working position and provided

with an extension 7 intended to be brought into the heart as shown in fig 3 .

[0034] Fig 2 shows the pumphead 1 in insertion position together with an

introducer 8 . The extension 7 is from its natural form shown in fig. 1

stretched out and inserted partly into the introducer 8 .

[0035] Fig 3 shows the catheter in working position with its extension 7 inserted

into the heart 9 . The following details are important for the function of the

pump:

[0036] 10 the aortic valve

[0037] 11 the ascending aorta 12 the aortic curve

[0038] 13, 14 the carotid arteries

[0039] 15 the subclavian artery

[0040] 16 the descending aorta

[0041] 17 the left coronary artery

[0042] 18 the right coronary artery

[0043] Details 20 and 2 1 will be described in the following.

[0044] As shown in Fig. 3, the extension 7 has a length in such a way, that if the

distal end T of the extension 7 supports against the wall of the heart 9 the

propeller 3 and the cage 2 are positioned outside the heart 9 but in the

ascending aorta 11 near the aortic valve 10.

[0045] Fig 4, 5 and 6 show the distal end of a second embodiment of the catheter

according to the invention in working position. The difference is that the

extension 7a has the natural form of a circle or a section of a circle or a

spiral but which can be inserted into the introducer 8 in a straight form as

shown in fig.5 . Inserted it will return to is natural form supporting the

pumphead 1 resting around the outside of the aortic valve 10. As shown in

Fig. 5 und 6 the circle, section of a circle or spiral the extension 7a is

located in a plane being perpendicular to the longitudinal axis of the

catheter. Moreover, the extension 7a has at its distal end a distal tip 7a',

being located in the anchored position direct at the proximal position of the

aortic valve to enable a Device position in the ascending aorta 11.



[0046] Fig. 7, 8 and 9 show a third embodiment of the catheter according to the

invention. The difference is that the cage 2 consisting of bands, threads or

strips expandable from a position close to the drive shaft 4 to form the

cage has some of bands, threads or strips or parts 2a of them arranged to

extend out from the cage in order to contact the wall of the blood vessel

and anchor the cage with the enclosed propeller in desired position.

[0047] A second embodiment based on the same principle is that the filaments

are fixed on a ring at the tip of the pump head separate from the cage. The

filaments are during insertion parallel and in parallel to the rotational axis

of the pump head. They are constructed such that the natural form make

them divert radially and fix against the wall of the vessel when deployed.

The advantage is that the filaments are placed in a prolongation of the

pump head to avoid an increased diameter of the cage.

[0048] Fig. 10, 11 and 12 show a fourth embodiment of the catheter according to

the invention. The difference is that a thread 19 is attached near the

pumphead 1 in order to be inserted together with the catheter. The thread

19 is controlled from the outside and can therefore be used to determine

the position of the pumphead 1 in the ascending aorta 11.

[0049] By a position of the pumphead 1 in the ascending aorta 11 just above the

aortic valve 10 a backflow is provided as shown by the arrows 20. Said

backflow will increase the bloodflow to the left and right coronary arteries

17, 18. At the same time the ordinary pumpflow 2 1 increases the bloodflow

to the carotid arteries 13, 14 and the subclavian artery 15.

[0050] Special advantages are gained when fixing the pumphead in the

ascending aorta, but of course it could also be of advantage to fix the

position when used in for instance the descending aorta.



Claims

1. Catheter pump to be positioned in the ascending aorta ( 1 1) near the aortic

valve (10) of a human being, comprising an elongated sleeve 6 with a drive

cable (5) extending through the sleeve and connectable at its proximal end to

an external drive source and a drive rotor near the distal end of the drive cable

(5) mounted on a drive shaft (4) being connected with the drive cable (5),

wherein the drive rotor consist of a propeller (3) being enclosed in a cage (2)

and wherein the propeller (3) and the cage (2)are foldable from an insertion

position close to the drive shaft (4) to an expanded working position ,

characterized by means (7, 7a, 2a, 19) for anchoring the drive rotor (3) in the

ascending aorta ( 1 1) near the aortic valve (10) after insertion.

2 . Catheter pump according to claim 1, characterized in that the means for

anchoring drive rotor consist of an extension (7) of the distal end of the

catheter intended to be brought into the heart (9) to be supported against the

wall of the heart, whereby the extension has a length in such a way, that if the

distal end of the extension supports against the wall of the heart the propeller

(3) and the cage (2) are positioned outside the heart but in the ascending aorta

( 1 1) near the aortic valve (10).

3 . Catheter pump according to claim 1, characterized in that the means for

anchoring the drive rotor consist of an extension (7a) of the distal end of the

catheter having the natural form of a circle, a section of a circle or a spiral

being located in a plane being perpendicular to the longitudinal axis of the

catheter, but which can be inserted into the blood vessel in a straight form and

return to its natural form just outside the heart (9) supporting the drive rotor by

resting around the above of the aortic valve (10), whereby the extension (7a)

having at its distal end a distal tip, being than located at or close to the wall of

the ascending aorta ( 1 1).

4 . Catheter pump according to claim 1, the cage 2 consisting of bands, threads or

strips expandable from a position close the drive shaft (4) to the form of the

cage, characterized in that some of the bands, threads or strips (2) or parts

(2a) of them are arranged to extend out from the cage in order to contact the

wall of the blood vessel and anchor the cage with the enclosed drive rotor (3)

in the ascending aorta ( 1 1) near the aortic valve (10)..



5 . Catheter pump according to claim 4, characterized in that the ends of a

number of said bands, threads or strips are anchored in two against each other

movable sleeves (22) on the drive shaft (4).

6 . Catheter pump according to claim 1, characterized by a together with the

catheter insertable thread (19) attached to the catheter near the drive rotor (3)

and which can be controlled from the outside to define the position of the drive

rotor.

7 . Catheter pump according to one of the preceding claims, characterized in that

the cage (2) consists of bands, threads or strips in an open structure permitting

some backflow outside the drive rotor.

8 . Method to position the pumping means of a catheter pump in the ascending

aorta ( 1 1) just above the aortic valve (10), characterized by the use of a

catheter pump according to any of the claims 1-7.

9 . Method according to claim 8, characterized in that the catheter is inserted via a

puncture in the arterial system, preferably in the femoral artery in the groin

preferably through an introducer sheath, the catheter pump being brought to

and fixed a position in the ascending aorta ( 1 1) just above the aortic valve (10).
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