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Method for? operating a supply device that supplies a 
channel with a liquid, and supply device, hollow 
catheter and catheter pump

The invention lies in the field of electrical 
engineering and mechanics and can be used particularly 
advantageously in the field of medical engineering.

Specifically, the invention concerns the supply of a 
channel with a liquid. By way of example, it may be 
necessary to fill a channel with a liquid in order to 
cool the walls of the channel or to cool or to 
lubricate moving parts arranged in the channel and/or 
to make these parts gas-free. For this purpose, it is 
known in principle to supply a channel of this type, 
for example a cannula, with a cooling and/or 
lubricating liquid. The liquid may be moved into the 
channel or through the channel in principle by means of 
a pump .

Here, in particular in the case of medical 
applications, it is often important on the one hand for 
there to be no abraded parts produced in the channel to 
be transported by the liquid in the channel, and on the 
other hand for the speed at which the liquid is moved 
through the channel to be as slow as possible, but 
precisely controlled. In addition, it may also be 
desired to iminiimise the liquid loss from, the channel.

The prior art, for example DE 20 2005 021 999 Ul,
discloses a heat exchange system having a pump which
transports a heat exchange fluid from and to a
catheter. A flow detector in the form of an impeller
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wheel is described, wherein the rotational speed of the 
impeller wheel moved by the heat exchange fluid 
corresponds to the flow rate. The speed of the impeller 
wheel is measured from outside by a light barrier, 
which is interrupted each time individual blades of the 
impeller wheel pass through said barrier.

A diaphragm pump for medical use is known from DD 2 02 
805 Al which is used to convey insulin in small 
volumes. There, a pulsating delivery mode is also
described.

DE 694 09 587 a method for flushing a
catheter having an outward and return channel in order 
to minimise deposits within the catheter to the 
greatest possible extent. Inter alia, a pulsating 
flushing is described there, which can be controlled by 
solenoid valves

Against the background of the prior art, the object of 
the present invention is therefore to create a supply 
device for supplying the channel with a liquid and a 
method for operating such a supply device, wherein a 
solution of simple design is sought which makes it 
possible in a controlled manner to control the flow of 
the liquid at a slow flow rate.

The object is achieved in accordance with the invention 
by a supply device and by a method according to the 
independent claims. Special embodiments are described 
in the deoendent claims 
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The invention accordingly relates to a method for 
operating a supply device that supplies a channel with 
a liquid and has a diaphragm pump. The method is 
characterised in that the diaphragm pump is controlled 
in respect of the generated pressure and/or the 
delivery rate.

In accordance with the invention, a supply device for 
supplying a channel with a liquid having at least one 
diaphragm pump is also proposed. The device has a 
control device, which controls the pump in respect of 
the generated pressure (which in some embodiments may 
also include a negative pressure or a vacuum) and/or 
the delivery rate.

The invention additionally relates to a hollow catheter 
and/or a catheter pump. Here, it is important that both 
have a supply device according to the invention for 
flushing a channel of the hollow catheter or of the 
catheter pump in the manner according to the invention.

One embodiment concerns the fact that the accordingly 
equipped hollow catheter has a rotatable shaft within 
the hollow catheter (preferably within the channel).

In accordance with a further embodiment a rotatable
shaft is likewise passed through the catheter pump, 
which preferably contains a hollow catheter according 
to the invention. Here, it is particularly advantageous 
when this rotatable shaft is flexible. For the example 
of a left heart-assist system, which is introduced 
intraventricularly from the leg artery and is advanced 
until it reaches the left ventricle of the heart, this 
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means that such a pump contains a rotatable shaft that 
is driven outside the body and drives a rotor in the 
heart; this shaft must be flexible enough that it for 
example can follow the curvature of the aortic arch, 
yet still can rotate at high speed. The shaft rotatable 
in the lumen/channel to be flushed should be operable 
at a high rotational speed, which for example may be 
above 10,000 revolutions per minute.

The supply device according to the invention here 
ensures the supply with liquid via the supply device 
according to the invention, for example in order to
ensure an absence of air within the hollow catheter or
the catheter pump, but also in order to lubricate the
flexible shaft.

The invention also relates to a method for operating a
supply device which supplies a channel with a liquid
and has two pumps arranged at points of the channel
distanced from, one another. Here, the parameter values 
of at least one operating parameter of both pumps are 
controlled in a manner coordinated with one another.

In principle, it is known and possible to move a liquid 
through a channel by means of a single pump. Due to the 
features of the invention, in particular the use of a 
plurality of pumps, it is possible, however, when 
operating parameters of the pumps are coordinated with 
one another, for example to set a common pressure level 
whilst maintaining an appropriate pressure difference 
between an infeed region and a discharge region of the 
channel.
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Is also possible to control a flow rate by two 
coordinated pumps in such a way that on the one hand a 
certain flow rate through the channel can be set and on 
the other hand loss rates of the liquid in the inlet 
and outlet region or in the event of leaks/openings 
present in the channel can be set, in particular 
limited, to a certain value.

In order to achieve particularly good adjustability and 
therefore controllability of the operation of the

device, diaphragm pumps lend themselves
particularly for producing the supply devices. These 
can be ontrolled particularly accurately and
reproducibly in respect of the flow, i.e. the flow 
rate .

A particularly efficient control of the supply device 
is possible when the liquid pressure is advantageously 
detected at two points in the channel distanced from 
one another. In particular, the points at which the 
liquid pressure is detected can be assigned each to one 
of the pumps respectively, and by means of the pressure 
detection an optimal ratio of suction pressure and 
overpressure can be provided by control of the pumps. 
Such a control is important in particular when the 
channel is not annularly closed, but has an intake 
area, in which liquid is fed to the channel from 
outside from, a liquid reservoir, and/or has a discharge 
channel, through which liquid is removed from the 
channel into a collection reservoir.
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It has proven to be particularly advantageous in the
case of the method according to the invention for the 
coordinated parameter values of the two pumps to be 
variable over time in accordance with a fixed schema 
and in particular to be changed periodically over time 
following a start-up phase. By way of example, the 
capacity of at least one of the pumps can be slowly 
increased in the start-up phase. However, a capacity 
peak (performance peak) may also be sought, such that 
the liquid initially flows at a high flow rate through 
the channel, wherein the flow rate reduces again 
following the starting phase.

Irrespectively of the configuration of the start-up 
phase, the pressure of at least one of the pumps can be 
controlled so as to rise and fall periodically, or a 
periodically rising and falling flow rate can be set 
accordingly. This is then advantageous in particular 
when moving parts are provided within the channel, for 
example a driveable shaft within a cannula, which shaft 
in turn releases small particles as a result of 
abrasion. These particles usually are not to be moved 
further along the channel, however the liquid is to be 
transported nevertheless. Varying the operating 
parameters of the pumps allows an efficient flushing of 
the channel with the liquid, wherein all parts of the 
channel are reached by the non-stationary flow. Due to 
the phases of slower flow rate of the liquid, the 
particles can come to a standstill, in the flow, such 
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Variation of the parameters of the pumps, apart from 
the variation of the capacity (performance) of each of 
the individual pumps, may also be, for example, a 
variation of the capacity (performance) difference or 
of a pressure difference generated by the pumps. The 
pressure difference ensures the acceleration of the 
liquid and thus a periodically fluctuating pressure 
difference for a correspondingly periodically 
f 1 u c t u a t i n g 1 i qu i d t r a n s p o r t.

A liquid will be understood hereinafter to mean a 
liquid used to flush the shaft. In some exemplary 
embodiments this is not a liquid to be delivered by the 
pump, although traces or small quantities of liquid to 
be delivered by the pump may also enter the channel. In 
other exemplary embodiments the liquid to be conveyed 
by the pump can be that used for flushing.

In accordance with a further advantageous embodiment of 
the invention the coordinated parameter values of the 
two pumps lie at a ratio to one another that is 
dependent in a predetermined manner on detected values 
of the liquid pressure in the channel. In this way, the 
liquid pressure in the channel or a liquid pressure 
difference can be controlled periodically.

The delivery capacities of the pumps can be determined 
on the basis of different measurands. In some exemplary 
embodiments the measurands or operating parameters for 
determining the delivery capacity are the stroke 
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frequency of the diaphragm and/or the stroke height of 
the diaphragm and/or the deflection of the diaphragm. 
Here, in order to determine the delivery capacity, one 
of the above measurands or a combination of at least 
two of the above measurands can be consulted. A further 
possibility for determining the delivery capacity is in 
some exemplary embodiments the electrical power 
consumption of the pump, in particular under 
consideration of the prevailing liquid pressure.

The coordinated operating parameters of both pumps may 
therefore be, for example, the respective delivery 
capacities. A certain difference of the delivery 
capacities may then also be set between the two pumps, 
for example. This may then for example cause a certain 
loss rate to be generated for the liquid transport over 
the course of the channel.

In accordance with a further embodiment of the 
invention the coordinated operating parameters of both 
pumps are the respective values of the liquid pressure 
generated by the pumps. The liquid pressure can be 
detected particularly easily and accurately in the 
channel, such that for example a certain quotient of 
the pressure values or a certain difference of the 
pressure values can be set by control of the pumps. The 
quotient and/or the difference may also be set so as to 
be periodically variable in order to avoid a stationary 
flow with deadwater areas.

In accordance with a further advantageous embodiment of 
the invention the coordinated operating parameters of 
both pumps are the respective electrical power 
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Advantageously, the coordinated operating parameters of 
both pumps may additionally be the respective flow 
rates of the pumps. The flow rates can be detected 
separately for example by flowmeter sensors, or also by 
the recording of the operating parameters of the pumps, 
for example the power consumption and the prevailing 
f1u i d pressure.

In addition, a fixed pressure difference and/or a fixed 
difference of the flow rate advantageously may be set 
between the two pumps. Here, the difference of the flow 
rates of both pumps may in particular be less than 100 
millilitres per day, in particular less than 10 
millilitres per day, or less than 1 millilitre per day.

Corresponding loss rates are set at the openings of the 
channel. By way of example, the channel may have a 
transport channel and a return channel, wherein the 
transport channel ends for example at a blood pump 
arranged at the end of a cannula and the return channel 
starts at the same point. Some of the liquid that makes 
up the difference of the flow rates may then flow off 
for example through the blood pump, flush this, and in 
the implanted state may be discharged into the body of 
a patient. In a development of the invention a 
biocompatible, health-compatible liquid, for example a 
saline solution, is selected as liquid in such an 
application.
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With an advantageous form of operation of the method, 
the direction of movement of the liquid may 
additionally be reversed. Such a reversal of the 
direction of movement of the liquid may be provided 
periodically or also only on certain occasions. In the 
event of use to flush a pump catheter, a direction of 
transport of the liquid from, a proximal end of the 
catheter to a distal end of the catheter and back
through a return channel into a collecting container is
usually selected.

The invention also relates to a method for operating a 
supply device and to the design of a supply device for 
supplying a channel with a liquid, said supply device 
having at least two pumps, in particular diaphragm 
pumps, which are arranged at points of the channel

rate .

distance d from one anothe;r, and also having a control
device, which controls the pumps individually in
respect of the generated pressure and/or th e delivery

The control device must be designed in such a way that
it allows a coordinated control. of the individual
pumps . It may be assigned to one of the pumps or may
also be formed as a separate central control unit. The 
control device may also serve to regulate operating 
parameters of the pumps and is then connected to 
sensors in order to detect measurement values.

By way of example, each pump may be assigned a liquid 
pressure sensor. By means of the control device, a 
certain pressure ratio can then be set between suction 
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Since the measurands for determining the delivery power 
of the pumps may be pressure-dependent, the pumps for 
example may be operated as pressure sensors when their 
power consumption is detected and fed to the control 
device. However, the power consumption may also be an 
indicator for the flow rate attained by means of the 
respective pump and may be detected as such. For this 
purpose, the prevailing liquid pressure is usually to 
be taken into consideration in addition, such that the 
simultaneous operation of pressure measurement sensors 
is advantageous with operation of this type.

However, flow rate sensors may be provided, which are
each assigned to one of the pumps respectively. A
certain ratio of the flow rates in the region of the
first and second pump or a predetermined difference an
then be set by the control device. Such a difference of 
the flow rates may be controlled for example so as also 
to be periodically variable.

The invention will be shown in figures of a drawing and
described hereinafter on the basis )t exemplary
embodiments. In the figures

Fig. 1 shows a hollow catheter having a driveable
shaft and a supply device according to the 
invention,
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Fig. 2 shows the end of a hollow catheter in a 
longitudinal section with a distally fastened 
rotary pump for operation in a blood vessel,

Fig. 3 shows a cross section through a hollow 
catheter,

Fig. 4 shows a cross section through a further
hollow catheter,

Fig. 5 shows a method sequence for a method for
operating a supply device,

Fig. 6 shows a graph reproducing the course over 
time of flow rates in three different 
v a r i a n t s, a n d,

Fig. 7 shows a graph reproducing the course over
time of the liquid pressure.

Figure 1 shows a hollow catheter 1 in an illustration 
interrupted in the longitudinal direction, wherein an 
end la which is proximal in medical use is illustrated 
in the lower region and a distal end lb is illustrated 
in the upper region. By way of example, an implantable 
blood pump may be provided at the distal end of the 
hollow catheter 1, especially for operation in a blood 
vessel and/or a heart chamber.

A rotatably driveable shaft 2 extends within the hollow 
catheter 1. This serves for example to drive a blood 
pump and is connected at its proximal end 2a to a drive 
motor 3. The shaft 2 can be introduced in the region of 
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a feedthrough 4 into a coupling housing 5, wherein the 
feedthrough 4 is configured in such a way that a medium 
is prevented from passing along the shaft into the 
coupling housing 5 or out from the coupling housing 5 
by a seal.

However, the solution is also conceivable that the 
rotating drive movement is transmitted by means of a 
magnetic coupling through a closed wall of the coupling 
housing 5 in that a first magnet element 6 is 
magnetically coupled within the coupling housing to a 
second magnet element 7 fastened outside the coupling 
housing 5 on a shaft end connected to the motor 3. The 
shaft 2 then has an interruption between the motor 3 
and the further extension thereof in the coupling 
housing 5, and the corresponding wall of the coupling 
housing 5 is formed continuously and without an 
opening. The magnet elements 6, 7 are illustrated in a 
dashed manner in Figure 1 as an alternative.

The driveshaft 2 is produced for example from litz 
wires, in particular in twisted or stranded form, or is 
formed as a helical spring or is formed in a 
combination of both variants by a core surrounded by a 
helical spring on the one hand so as to be able to 
transfer high rotational speeds in the region of a tew 
thousand revolutions per minute and on the other hand 
so as to be flexible during this process.

In order to cool such a shaft during operation on the 
one hand and on the other hand so as to reduce the 
friction by lubrication, a cooling and lubricating 
liquid is usually provided within the channel 8 formed 
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in the hollow catheter 1 and is advantageously 
biocompatible. The liquid is fed to the coupling 
housing 5 via an inflow channel 9 and is transported 
along the channel 8. For this purpose, the inflow 
channel 9 is connected to a first pump, which is formed 
in the exemplary embodiment as a diaphragm pump 10. 
Diaphragm pumps in this context have the property of 
being controllable in a very reliable and reproducible 
manner in order to be able to control generated 
pressures and flow rates in an exact manner. The use of 
magnetically actuated diaphragm pumps has proven to be 
particularly advantageous in this context. A magnet 
device 10a is therefore illustrated in Figure 1, which 
serves as a drive for the diaphragm pump 10, wherein 
the magnet device 10a is actuated by an electric 
control device 11.

The diaphragm pump 10 sucks liquid from an inflow 
reservoir 12, as is illustrated by the arrow 13, and 
transports this at an adjustable flow rate and an 
adjustable pressure into the coupling housing 5 via the 
inflow channel 9. The liquid spreads in the coupling 
housing 5 and in particular moves in the direction of 
the arrow 14 along the channel 8 in the direction of 
the distal end lb of the hollow catheter. The movement 
along the channel 8 can be assisted for example by the 
rotation of the shaft 2, when this has an at least 
partially helical outer contour and rotates in a 
suitable direction of rotation.

Although the rotation of the shaft 2 may assist the
movement of the liquid along the channel 8, it is
possible in some exemplary embodiments to determine the 
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contribution of the rotation of the shaft to the 
delivery capacity so as to thus adapt the delivery 
capacity of the pump(s). In other words, the delivery 
capacity provided on account of the rotation of the 
shaft is compensated for by an adaptation of the 
delivery capacity of the pumps. The determination of 
the delivery capacity on the basis of the rotation of 
the shaft may then also be interpreted as a disturbance 
variable, which is compensated for by the adaptation of 
the delivery capacity of the pumps in order to ensure a 
predetermined delivery capacity through the channel. 
The delivery capacity of the shaft 8 may be dependent 
inter alia on the rotational speed of the shaft, 
possibly wear on the shaft, the deflection of the 
catheter, or the like. Although these variables can be 
determ.ined, a compensation of the resultant delivery 
capacity of the shaft by the pump is often easier.

Flow rates in the range of microliters or millilitres 
per hour can usually be set by means of the actuation 
of the diaphragm pump 10.

In order to be able to suitably control or regulate 
corresponding flow rates and/or pressures, at least one 
suitable sensor 15 is provided in the channel 8 and is 
connected by means of a communication line 16 to the 
control device 11. The sensor 15 may be formed for 
example as a pressure sensor, as a flow rate sensor, or 
as a combined sensor for detecting the pressure and the 
flow rate.

In the shown exemplary embodiment the sensor 15 is 
assigned to the first diaphragm pump 10 and detects the 
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the channel 8 is divided in the 
into a first channel region 8a, 
flows in the direction from the 

longitudinal direction
through which liquid
coupling housing 5 to

the distal end lb of the hollow catheter 1 in the 
direction of the arrow 14, and a second channel region
8b, which is formed as a return channel. The two
channel regions 8a, 8b are thus connected in series and 
together form the channel 8.

The return channel 8b may be separated from the first 
channel region 8a for example by a partition wall 17, 
which is illustrated in Figure 3, or the second channel 
region/return channel 8b may be formed by a cannula 18, 
which extends within the hollow catheter 1. This 
variant is illustrated in Figure 4 in cross section.

The return channel 8b is formed in accordance with 
Figure 1 in such a way that it causes a return flow of 
the liquid into the coupling housing 5 and from there 
into a second diaphragm pump 19. The second diaphragm 
pump 19 may advantageously be formed as a magnetic 
diaphragm pump having a magnet device 19a which is 
actuated by the control device 11 and forms the drive 
of the diaphragm, pump 19. The diaphragm pump 19 
suctions the liquid from the return channel 8b and 
guides this via a discharge channel 20 into a discharge 
reservoir 21.
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pressure sensor and is assigned to the return channel 
8b and therefore to the second diaphragm pump 19. By 
way of example, the flow rate of the return channel 8b 
or the suction pressure of the second diaphragm pump 19 
can be detected by the second sensor 22. The parameters 
detected by the second sensor 22 are fed via a second 
communication line 23 to the control device 11.

The control device 11 is in turn connected to an 
electric supply connection Ila, which supplies the 
control device with a low DC voltage (low voltage). The 
control device 11 generates pulses, which are fed to 
the magnet devices 10a, 19a in order to drive the first 
and second diaphragm pump 10, 19. The flow rates and/or 
pressures generated by the first and second diaphragm 
pump 10, 19 can be controlled by means of the frequency 
and the stroke of the pulses generated by the control 
device 11.

Figure 2, as an example for a use of a hollow catheter 
having a driveable shaft, shows an implantable blood 
pump 24, which is formed as a rotary pump having a 
rotor 25 with delivery elements. The rotor 25 is 
directly connected to the shaft 2, which is mounted in 
the housing 27 of the blood pump at the distal end of 
the rotor 25 in a rotary bearing 26. The blood pump 24 
suctions blood via suction openings 28 at its distal 
end in the direction of the arrows 29, 30 and 
transports this externally oast the hollow catheter 1 
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catheter 1 in a bushing bearing 33, which on the one 
hand is to allow high rotational speeds, and on the 
other hand is to be as tight as possible in order to 
prevent or to limit a liquid exchange along the shaft
2. In particular, blood is to be prevented from passing 
from the interior of the housing 27 of the blood pump 
24 into the hollow catheter 1, i.e. into the channel 8.

In Figure 2 a partition wall 17 is illustrated in a 
dashed manner in order to indicate the separation 
between the first channel region 8a of the channel 8 
and the second channel region/return channel 8b. The 
inflow of the liquid through the first channel region 
8a in the direction of the arrow 34 to the distal end 
of the hollow catheter 1 and the return flow in the 
direction of the arrow 35 through the second region 8b 
of the channel 8 is thus made possible. The rotary 
shaft 2 can thus be supplied with the liquid along its 
entire length.

In order to prevent the inflow of blood into the 
channel 8, an overpressure of the liquid in the 
interior of the hollow catheter 1, i.e. in the channel
8, can be set, which causes liquid to flow at a very 
slow flow rate from the channel 8 into the housing of 
the blood pump 24, as indicated by the arrows 36, 37. 
By way of example, an outflow rate of a few microliters 
or millilitres per day can be set here, which 
represents a difference between the feed rate in the 
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A flow diagram for a method for operating the shown 
supply device is illustrated in Figure 5. In a first 
step 38 a venting of the channel 8 inclusive of the 
coupling housing 5 is performed in that liquid is fed 
by means of the first pump 10. Following the venting of 
the channel 8 and of the pumps, of which the speed is 
adjustable, the direction of movement
(forwards/backwards) in which the liquid is to be moved 
through the channel 8 is determined in a second step 
39. The diaphragm pumps 10, 19 and the reservoirs 12, 
21 can allow both directions of movement of the liquid. 
The pressures generated by the diaphragm pumps 10, 19 
are set depending on the direction of movement of the 
liguid.

In a third step 40 is it decided whether the capacities 
(performances) of the pumps are to be set manually. If 
the pumps are to be manually set, the rest of the 
process proceeds via the path 40a, and in a step 46 the 
pressures and,/or flow rates of the two pumps are set. 
This variant is usually selected when the flushing 
rate, i.e. the flow rate through the channel 8, is to 
be small and constant.

If a manual actuation is to be selected, the continued 
path proceeds via the arrow 40b, and the automatic 
actuation of the pumps is started in a fourth step 41. 
For this purpose the pressure is firstly detected at 
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the two pressure sensors 15, 22 in the step 41, a 
pressure difference is calculated from this, and from 
this the actuation of the pumps 10, 19 is calculated in 
a fifth step 42 by corresponding pulses of the control 
device 11. Here, the sought pressure difference may 
also be variable over time, for example varying 
periodically.

In a sixth step 43 the generated pressure difference is 
compared with the target pressure difference. If the 
actual pressure difference corresponds to the target 
pressure difference, the pressure difference or a 
flushing rate calculated herefrom for example is thus 
indicated in a seventh step 44 and the method is ended 
in an eighth step 45. The ending of the method means 
that the supply device is in a stable operating state 
and the pumps 10, 19 are actuated and operate 
accordingly. If it is determined in the sixth step 43 
that the actual pressure difference does not correspond 
to the target pressure difference, the method jumps 
back via the path 43a to the fourth step 41, in which 
the pressure difference is measured, and from this the 
new actuation of the pumps is determined in a 
regu 1 a11.on step.

Instead of the pressure measurements and corresponding 
pressure regulation of the differential pressure, the 
flow rate may also be measured and a corresponding flow 
rate difference can be set as control variable.

A typical course over time of flow rates in three 
exemplary variants is shown in Figure 6. The flow rate 
is indicated in volume per time on the y-axis of the 
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graph, whereas the time is plotted on the x-axis. A 
first curve 48 by way of example show’s the flow rate, 
measured by the sensor 15 or the sensor 22, wherein the 
flow rate is constant over a large portion of the time, 
but the flow rate is changed from time to time, for 
example every twenty seconds or in each case after a 
few minutes, by a temporary increase 49, 50 of the flow 
rate. There is thus no stationary flow formed in the 
channel 8, which might leave certain regions of the 
channel untouched as what are known as deadwater 
regions, such that liquid located there does not move 
on further. A change to the flow rate generates 
turbulence and non~stationary flow conditions, which 
then also determine the deadwater areas and exchange 
the liquid there.

A further object of a corresponding control of the flow 
rate is to prevent particles located in the liquid and 
which for example are created by abrasion of the 
rotating shaft 2 from being moved on further where 
possible, such that these do not exit through the 
bearing 33, illustrated in Figure 2, in the region of 
the blood pump and cannot enter into the body of a 
patient.

If the flow rates detected by the two sensors 15, 22 
are plotted in the same graph, an increased flow rate 
with a particularly noticeable difference of the flow 
rates can be set for example particularly in the 
regions 49, 50, which indicates that some of the liquid 
in these regions 49, 50 exits intermittently in very 
small quantities from the channel 8 and passes into the 
interior of the pump housing of the blood pump and thus 
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In a second variant 51 of the course of the flow rate, 
this is varied periodically around a constant course 
52, for example in the form of a sine curve. A 
constantly changing flow with flow conditions that 
likewise change constantly and guarantee a liquid 
exchange in all regions of the channel 8 is thus 
provided.

In the third variant, which is illustrated in the curve
53, apart from temporary periodic increases 54 of the
flow rate, the flow direction is also reversed, shown
on the basis of the example of the reduction 55 of the
flow rate. The reversal of the flow causes a change to
the flow direction of the liquid in the channel 8 and
therefore likewise the exchange of liquid in deadwater
areas. Such a reversal of the flow direction can occur
for example at intervals from five to ten minutes.

In Figure 7 measured pressure values are plotted on the 
y-axis over time t, wherein a first curve 56 indicates 
the pressure in the region of the sensor 15 and a 
second curve 57 indicates the pressure in the region of 
the sensor 22. It can be seen that in two regions 58, 
59 the pressure is temporarily increased by the first 
diaphragm pump 10, whereas the pressure in the region 
of the return line, detected by the sensor 22, remains 
constant. This causes liquid to flow off into the pump 
housing through the bearing 33 in the regions of the 
increased pressure 58, 59, thus relieving the pressure 
in the channel 8.
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As a result of the above-described invention, a supply 
device in the form, of a flushing device for a hollow 
catheter for a blood pump is provided, in which few

5 wear parts are used and therefore stable operation with 
low liquid losses thus can be ensured over a long 
period of time.
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Patentkrav

1. Hult kateter med en kanal og med en forsyningsindretning til påvirkning af 
kanalen (8a, 8b) med en væske og med mindst to pumper (10, 19), der er 
anbragt på steder af kanalen (8a, 8b) med indbyrdes afstand, hvor mindst en 
af de mindst to pumper er en membranpumpe, samt med en styreindretning 
(11), der styrer pumperne enkeltvist med hensyn til det genererede tryk og/el
ler transportraten, hvor
der til hver pumpe er tilordnet en væsketryksensor (15, 22) eller
der til hver pumpe er tilordnet en elektrisk sensor til registrering af pumpens 
effektoptagelse, især strømoptagelse, eller
der til hver pumpe er tilordnet en gennemstrømningsratesensor.

2. Hult kateter ifølge krav 1, kendetegnet ved, at der i det hule kateter er an
bragt en drejelig, fleksibel aksel.

3. Fremgangmåde til drift af en forsyningsindretning, der påvirker en kanal (8) 
i et hult kateter med en væske, med en membranpumpe (10, 19) og i alt med 
to pumper (10,19), der er anbragt på steder af kanalen med indbyrdes afstand, 
hvor parameterværdierne af mindst en driftsparameter for begge pumper (10, 
19) styres afstemt med hinanden, hvor
væsketrykket registreres på et sted eller flere forskellige steder med indbyrdes 
afstand i kanalen, og de to pumpers (10, 19) afstemte parameterværdier er i 
et forhold til hinanden, der på forudbestemt måde er afhængigt af registrerede 
værdier af væsketrykket i kanalen.

4. Fremgangsmåde ifølge krav 3, kendetegnet ved, at de to pumpers (10,19) 
afstemte parameterværdier kan variere tidsmæssigt ifølge et fast skema og 
især ændres tidsmæssigt periodisk efter en opstartsfase.

5. Fremgangsmåde ifølge krav 3 eller 4, kendetegnet ved, at de to pumpers 
(10, 19) afstemte driftsparametre er de pågældende værdier af væsketrykket, 
der genereres af pumperne, eller
er pumpernes pågældende kapaciteter eller
er pumpernes pågældende gennemstrømningsrater.
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6. Fremgangsmåde ifølge krav 3 eller et af de følgende, kendetegnet ved, at 
der mellem de to pumper (10, 19) indstilles en fast trykforskel og/eller en fast 
forskel af gennemstrømningsraten.

5 7. Fremgangsmåde ifølge krav 6, kendetegnet ved, at forskellen mellem de
to pumpers (10, 19) gennemstrømningsrater er mindre end 100 milliliter pr. 
dag, især mindre end 10 milliliter pr. dag, især mindre end 1 milliliter pr. dag.

8. Fremgangsmåde ifølge krav 3 eller et af de følgende, kendetegnet ved, at 
10 pumpen eller pumperne (10, 19) styres på en sådan måde, at væskens bevæ

gelsesretning vendes.

9. Kateterpumpe, især kateterpumpe til intraventrikulær drift i et hjerte, inde
holdende et hult kateter ifølge et af kravene 1 eller 2.

15
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