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IMPROVEMENTS TO CONTROL SYSTEMS AND POWER SYSTEMS FOR
ROTARY BLOOD PUMPS
Field of the Invention

The present invention relates to improvements to control and power systems for
high drain implantable medical devices.

Background of the Invention
There has been a long felt need to improve control and power systems for high
drain medical devices.

In the past, low drain implantable medical devices have utilised internal batteries
to overcome the disadvantages of multiple external batteries and external power source.

However these low drain implantable medical devices, which generally include
pacemakers and other such devices generally only require microwatts of power.
Therefore power requirements are very low and batteries are generally small and
compact. Also the batteries used in these low drain medical devices are not usually

rechargeable because of the long life and low power demands. Such low drain devices
include neural simulators, pacemakers and defibrillators such as those described in

EP1598092 (Medtronic Inc), US2005131486 (Boveja et al), US2005165456 (Mann et
al), US2005131487 (Boveja et al) and WO1998/008567 (Pacesetter).

High drain implantable medical devices generally require a power source in the
vicinity of watts rather than microwatts. As the power demands are considerably larger
(i.e. million fold larger) the power sources are generally much larger, heavier, bulkier

and generally require recharging. An example of a high drain implantable medical

device is a rotary blood pump such as the Ventrassist™ Left Ventricle Assist Device
that is implanted within a patient. The Ventrassist™ Left Ventricle Assist Device is
described in detail in US Patent 6,227,797 - Watterson et al. To correctly manage such

a device, a series of batteries is used, and this battery management is usually critical to
health and safety of the implanted patient.
High drain medical devices have used control systems similar to the
embodiment depicted in Fig. 1. However, these control systems generally include
multiple external batteries and multiple power cords. Multiple power cords may
generally confuse patients implanted with such a medical device. If the batteries are
incorrectly managed, used or handled the result may lead to: severe adverse events,
accidental medical device failure, electrocution, or compromise the health and safety of

the implanted patient.
Multiple external batteries results in a disadvantage with battery management for
the patient, and typically increases the bulk of the peripherals that patients need to carry
with them.
A further disadvantage of prior art power and control systems for high drain
implantable medical devices, is that they have poor patient usability. Firstly, many such
devices have used bulky batteries such as Nickel Metal Hydride or Lead Acid Batteries,

which often requires a patient to carry with them more than 10 kilograms, if they
traveled with two battery packs and a mains power transformer. Secondly these prior
art power and control systems have not been designed as waterproof or water resistant,
thereby requiring a patient to take significant safety precautions to bathe or shower.

This disadvantage often leads to patients avoiding or not showering for fear of
interfering with the medical device.
The present invention aims to or at least address or ameliorate one or more of
the disadvantages associated with the above mentioned prior art.
Summary of the Invention
In accordance with a first aspect the present invention consists of a control and
power system for a high drain implantable medical device, wherein the system includes
a controller and at least one external power source adapted to be able to be connected to
the controller; and wherein an internal power source is encapsulated within and
integrally connected to the controller, and said internal power source or external power
source is capable of powering said high drain implantable medical device.
Preferably, the internal power source is a battery pack permanently attached to
the controller.
Preferably, the controller is disposable.
Preferably, the internal power source and/or the external power source includes
rechargeable Lithium Ion batteries.
Preferably, the external power source is either a mains power supply or a battery
pack.
Preferably, the controller includes a battery arbitration system.
Preferably, the battery arbitration system swaps between at least the external and
internal power sources and outputs a substantially constant voltage.

Preferably, the controller includes a device capable of generating a vibrating
alarm.

Preferably, the controller is capable of interacting with external or additional
memory.
Preferably, the controller includes a three axis accelerometer.
Preferably, the controller includes a patient entertainment module.
In accordance with a second aspect the present invention consists of a controller

for a high drain implantable medical device, said controller having an internal power
source capable of powering said high drain implantable medical device, and said

controller adapted to be connected to at least one external power source.
Preferably, the controller includes a battery arbitration system that is adapted to
swap between the internal power source and the external power source and outputs a

substantially constant voltage.
In accordance with a third aspect the present invention consists of a method for

controlling and powering a high drain implantable medical device, wherein the method
includes a controller and at least one external power source adapted to be able to be
connected to the controller; and wherein an internal power source is encapsulated within
and integrally joined to the controller, and said internal battery pack or external power

source is capable of powering said high drain implantable medical device.

In accordance with a fourth aspect the present invention consists of a control and

power system for an implantable rotary blood pump, said system comprising a

controller operably connected to said pump and in use said controller is disposed
external of a patient and able to be connected to a first external power source, and a
second internal power source disposed within and integrally connected to said

controller, and both the first external power source and said second internal power
source are each able to individually provide power to said pump, and wherein said

controller includes an arbitration system that is adapted to swap between said second
internal power source and said first external power source and able to output a

substantially constant voltage.

Preferably, said first external power source is either a battery pack or a mains
supply.

Preferably, said controller includes a device capable of generating a vibrating
alarm.

Preferably, said controller includes a patient entertainment module.
Preferably, said controller includes a three axis accelerometer.

Brief Description of the Drawings
Embodiments of the present invention will now be described with reference to

the accompanying drawings wherein:
Fig. 1 depicts a schematic representation of an embodiment of a prior art control
and power system; and
Fig. 2 depicts a schematic representation of a first preferred embodiment of the

present invention.

Fig. 3 depicts a schematic representation of a second preferred embodiment of

the present invention.

Brief Description of the Preferred Embodiments
A control and power system of the prior art is depicted schematically in Fig. 1.
Fig. 1 shows an external controller 2 connected to an implanted rotary blood pump 1.

The rotary blood pump 1 is functioning as a high drain implantable medical device and
is controlled and powered via the controller 2.

Pump 1 is connected to the controller 2 via a percutaneous lead 12. This
embodiment depicts an example of the prior art, wherein a first and a second battery
pack 3 and 4 are electrically connected to the controller 2 and supply power to the
controller 2 which in turn powers the rotary blood pump 1. Additionally, the controller
2 may be also connected a mains power supply or transformer 5 to provide an alternate
power source to the first and second battery packs 3 and 4 .
The main disadvantage with this configuration is that the patient or nurse may
accidentally disconnect all of the power supplies 3, 4 and 5 simultaneously from the
controller 2. This disconnection will lead to the rotary blood pump 1 being without
power for a period of time. Typically, it is undesirable for the rotary blood pump 1 to
stop or be without power, as this may lead to thrombogenesis within the pump or

haemolysis when the pump is restarted. Additionally, there is a significant or increased

risk of thromboemboli or the patient suffering a stroke.
A first preferred embodiment of the present invention is depicted in Fig. 2. In
Fig. 2, a schematic of the controller 2 is shown and includes its preferred components:

central processor unit (CPU) 7, an inverter 11, a watchdog processor 10, a wireless

interface 8, a 3-axis accelerometer 9, an internal power source which may be an internal
battery pack 6, external memory 14, and an alarm 15.
The controller 2 is preferable connected a cable 13. This cable 13 preferably
includes connectors at both ends that are preferably medical grade and water resistant.
One of end of the cable 13 is connected to the controller 2 and the opposed end is

preferably connected to a first external battery pack 3.
The first external battery pack 3 is preferably a rechargeable Lithium-ion battery
pack sealed in a waterproof, and hermetically sealed container. Preferably, the
container may include an LED level, which functions as a visual gauge, to allow patient
to visually check the amount of remaining charge on the battery. The first external

battery pack 3 may be swapped with a mains power transformer (not shown in Fig. 2).
The CPU 7 is a microcontroller specifically designed for DC brushless motor
control and is therefore ideally suited for use with the rotary blood pump 2, as depicted
in Fig. 1. The CPU 7 preferably includes a simple speed control algorithm to adjust the
speed of the rotary blood pump 2 within given parameters. The output or speed signal

from the CPU 7 may be sent to an inverter 11 which translates the speed signal into a
commutation signal suitable to power or drive the magnetic circuits of a DC brushless
motor forming part of the rotary blood pump 2. Preferably, the inverter 11 may be a
standard 6-MOSFET 3 phase bridge.

Preferably, the controller 2 includes an improved battery arbitration system 16
which connects to the central processor unit 7 . The battery arbitration system 16 may
include a DC-DC buck-boost converter. More generally, it may be described as a

regulator that may accept an input voltage lower or greater than its regulated output

voltage. Preferably, the battery arbitration logic within the central processor unit 7 is
simplified or reduced to a simple diode-OR. Therefore, in situations where there is a
dual power supply (i.e. an internal battery pack 6 and an external battery pack 3 as
depicted in Fig. 2), power will be drawn from the supply with the higher voltage. The
diode-OR in conjunction with the buck boost converter and the intended battery
voltages provides the improved battery arbitration. The battery arbitration is designed
to preferentially select the primary power source over the reserve power source. This
may be achieved by the diode-OR circuit and the fact that the primary sources are all
well above the voltage of the reserve. In the event of no primary source, the diode-OR
circuit selects the reserve battery. This input is fed into the buck-boost converter. The
output of the converter is regulated at 12V. The buckboost regulator isolates the pump
from any glitches as a result of swapping power supplies; hence the pump only ever
sees a voltage of 12V (this may be set at any different voltage which may be optimal for

the pump). The battery arbitration system 16 in this way avoids voltage spikes
occurring when the controller 2 decides to swap between power sources. Voltage spikes
commonly occur in the prior art embodiment depicted in Fig. 1.
The first preferred embodiment may also include an internal battery charger (not
shown). The internal battery charger may ensure that the internal battery pack 6

remains fully charged.
In the first preferred embodiment, the controller 2 includes a three axis
accelerometer 9. This three axis accelerometer 9 may be used to assist the controller 2
to determine an appropriate rate responsive control and use the information from the
accelerometer 9 to feedback to the speed signal of the rotary blood pump 2. In this way,
it may be possible to anticipate patient physiological demand and adjust the medical

device accordingly. Also, the accelerometer 9 may provide important information
relating the patient movement in three dimension space as the CPU 7 may also be able
to determine if a patient has fallen to the floor and suffered a severe adverse event.
Preferably, the controller 2 also may include an external memory 14. This
external memory 8 is preferably 8 megabytes of flash memory. This flash memory
stores data logged from the CPU 7 . The data generally includes: errors messages,

physiological information relating to the patient, data collected by the rotary blood
pump 1, data from the accelerometer 9 and time/date information. A person skilled in
the art will appreciate that the flash memory may be replaced with other forms of
memory including but not limited to hard drives and generic memory cards.
Preferably, the short term data and long term data are both stored in a rolling
format within the external memory 14. The short term data is generally of a relatively
high resolution in regard to data per time, whilst the long term data is generally of a
lower resolution when compared the short term data.
The controller 2, depicted in Fig. 2, includes a watchdog processor 10. This

watchdog processor 10 includes a timing circuit and constantly monitors the central
processor unit 7. In the case of a failure of the CPU 7, the watchdog processor 10 may
trigger the alarm 15 and may also attempt to reset the central processor 7. A real-time
clock 17, included within the controller 2, monitors time, even when system is powered
down, or on failure of the processor and cooperates with the watchdog processor 10 to

ensure that the CPU 7 is working correctly. The watchdog processor 10 is preferably
powered by the internal battery pack 6 .

The controller 2 may also include an alarm 15. This alarm 15 may be preferably

initiated by, any combination of the following events or factors: detection of failure of
the CPU 7 by the watchdog processor 10, detection of an adverse event affecting the
patient by the CPU 7, electrical or mechanical failure of the rotary blood pump 1, or low
power alarm if the power inputted from the first external battery pack 3 or mains power
supply (not shown) falls below a predetermined level. Alarm may also be triggered by
Graphical User Interface (herein referred as to 'GUI') software running on an external

computer (not shown). The alarm may be audible and/or visual (for example a flashing
LED). Additionally, the controller 2 may include a vibrating alarm to allow the patient

to feel the alarm irrespective of the level of background noise or light. The vibrating
alarm may be achieved by attaching a small motor t the controller 2 and attaching an

eccentrically weighted arm to a rotor of the motor. When in use, the spinning motion of

the arm will cause the controller 2 to vibrate and immediately alert the patient to the
problem.

The controller 2 may also include a wireless interface 8 for interfacing with
external computers (not shown) and GUI software running on those computers. The

communication to the GUI may be implemented by a wireless network protocol. The
most preferred wireless network protocol for this application is one known as Zigbee™.
The Zigbee™ protocol is a standard wireless networking protocol to the specifications
of IEEE 802.15.4. However it may also be possible to use other standard wireless
protocols including but not limited to: Bluetooth™ and low bandwidth proprietary
protocols.

Preferably, the controller 2, cables 12 and 13, and the external power sources,
including battery pack 3 and mains power transformer (not shown), are waterproof or
substantially water resistant. This waterproofing or water resistance may allow patient's

to use the device and the control system in aqueous or humid environments. These
environments may include: showers, bathing, and/or swimming and may grant the
patient increased mobility and freedom to undertake activities that would otherwise be

impossible or impractical.
Preferably, according to the first embodiment of the present invention, the

internal battery pack 6 is not removable or replaceable from the controller 2. The
internal battery pack 6 is integrally permanently joined to the controller 2 to prevent or

resist accidental disconnection. As a result of the internal battery pack 6 being
permanently joined to the controller 2, the controller 2 is preferably disposable. This
may allow the patient to replace the internal battery pack 6 only by complete
replacement of the controller 2 .
A second preferred embodiment of the present invention is depicted in Fig. 3. In
this second preferred embodiment, the alarm 15 has integrated with the first external

battery pack 3 . This alarm 15 may still be remotely operated by the CPU 7. However
the internal battery pack 3 may be visual and audible to the patient. This may greatly
improve the effectiveness of the alarm 15.
Additionally, cable 13 has been replaced with a dual cable allowing
simultaneous connection of a mains power supply 18 and first external battery pack 3 .

The battery arbitration system 16 may still preferably switch between all of the batteries
depending which power source has the largest voltage.

Any number of external power sources may connected to the controller 2 with
small modification to the first or second preferred embodiments.

A further improvement depicted in the second preferred embodiment of the
present invention is the inclusion of a patient entertainment module 19. The patient
entertainment module 19 may include any electronic circuit designed to entertain the
patient using the controller 2 or implanted with the medical device.
The patient entertainment module 19 may include, but is not limited to: an MP3
player, a personal organiser, electronic games, a video player or a miniaturised DVD
player. Preferably, the patient entertainment module 19 requires a relatively low power
requirement when compared to the medical device.
The patient entertainment module 19 may be powered by any one of power
supplies of controller 2 as arbitrated by the battery arbitration system 16. The patient

entertainment module 19 may also interact with the external memory 14 which may
allow the uploading of information, or data programming to the patient entertainment

module 19.
The above descriptions detail only some of the embodiments of the present
invention. Modifications may be obvious to those skilled in the art and may be made
without departing from the scope and spirit of the present invention.

CLAIMS:
1.

A control and power system for a high drain implantable medical device,

wherein the system includes a controller and at least one external power source adapted

to be able to be connected to the controller; and wherein an internal power source is
encapsulated within and integrally connected to the controller, and said internal power
source or external power source is capable of powering said high drain implantable

medical device.
2.

The control and power system as claimed in claim 1, wherein the internal power

source is a battery pack permanently attached to the controller.

3.

The control and power system as claimed in claim 1, wherein the controller is

disposable.

4.

The control and power system as claimed in claim 1, wherein the internal power

source and/or the external power source includes rechargeable Lithium Ion batteries.
5.

The control and power system as claimed in claim 1, wherein the external power

source is either a mains power supply or a battery pack.
6.

The control and power system as claimed in claim 1, wherein the controller

includes a battery arbitration system.
7.

The control and power system as claimed in claim 6, wherein the battery

arbitration system swaps between at least the external and internal power sources and
outputs a substantially constant voltage.
8.

The control and power system as claimed in claim 1, wherein the controller

includes a device capable of generating a vibrating alarm.

9.

The control and power system as claimed in claim 1, wherein the controller is

capable of interacting with external or additional memory.
10.

The control and power system as claimed in claim 1, wherein the controller

includes a three axis accelerometer.
11.

The control and power system as claimed in claim 1, wherein the controller

includes a patient entertainment module.
12.

A controller for a high drain implantable medical device, said controller having

an internal power source capable of powering said high drain implantable medical

device, and said controller adapted to be connected to at least one external power
source.

13.

A controller as claimed in claim 13, wherein the controller includes a battery

arbitration system that is adapted to swap between the internal power source and the
external power source and outputs a substantially constant voltage.
14.

A method for controlling and powering a high drain implantable medical device,

wherein the method includes a controller and at least one external power source adapted
to be able to be connected to the controller; and wherein an internal power source is
encapsulated within and integrally joined to the controller, and said internal battery pack
or external power source is capable of powering said high drain implantable medical
device.

15.

A control and power system for an implantable rotary blood pump, said system

comprising a controller operably connected to said pump and in use said controller is
disposed external of a patient and able to be connected to a first external power source,

and a second internal power source disposed within and integrally connected to said

controller, and both the first external power source and said second internal power
source are each able to individually provide power to said pump, and wherein said

controller includes an arbitration system that is adapted to swap between said second
s

internal power source and said first external power source and able to output a

substantially constant voltage.
16.

A control and power system for an implantable rotary blood pump as claimed in

claim 15, wherein said first external power source is either a battery pack or a mains
supply.
o

17.

A control and power system for an implantable rotary blood pump as claimed in

claim 15, wherein said controller includes a device capable of generating a vibrating
alarm.

18.

A control and power system for an implantable rotary blood pump as claimed in

claim 15, wherein said controller includes a patient entertainment module.
s

19.

A control and power system for an implantable rotary blood pump as claimed in

claim 15, wherein said controller includes a three axis accelerometer.
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among the claimed inventions involving one or more of the same or corresponding special technical features. PCT
Rule 13.2, second sentence, defines a special technical feature as a feature which makes a contribution over the prior
art.
Each of the aboveme ήtioned groups of claims has a different distinguishing feature and they do not share any feature
which could satisfy the requirement for being a special technical feature. Because there is no common special technical
feature it follows that there is no technical relationship between the identified inventions. Therefore the claims do not
satisfy the requirement of unity of invention a priori.
The International Searching Authority believes that a search and examination for the second and third invention will
not involve more than negligible additional search and examination effort over that for the first invention and so no
additional search fees are required in order to search and examine those inventions.
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