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etal or smooth muscle, but excluding the heart muscles, in a
counterpulsation mode of a patient. The apparatus comprises
an active and a passive electrode for attachment to said
patient, a signal processor having a configuration input for
varying a time delay associated with counterpulsation mode
stimulation, and a sensing system for sensing information
relating to the performance of the patient’s heart and for
transmission of information signals to said signal processor,
said signal processor producing control signal information
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electrode in a counterpulsation mode, a stimulation signal
generator associated with said active electrode for generating
stimulation signals, wireless transmission means for trans-
mitting said control signal information from said signal pro-
cessor to said stimulation signal generator whereby said
stimulation signal generator applies stimulation signals to
said active electrode in accordance with said signal informa-
tion.
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WIRELESS CARDIORESONANCE
STIMULATION

CROSS-REFERENCES TO RELATED
APPLICATION

This application is a continuation-in-part of U.S. patent
application Ser. No. 14/331,127, filed Jul. 14, 2014, which is
acontinuation of U.S. patent application Ser. No. 14/032,168,
filed Sep. 19, 2013, now U.S. Pat. No. 8,812,118, which is a
divisional of U.S. patent application Ser. No. 11/667,622,
filed Dec. 14, 2007, now U.S. Pat. No. 8,577,471, which is a
U.S. National Phase of International Patent Application PCT/
EP2005/009384, filed Aug. 31, 2005, which claims the ben-
efit of European Patent Application 040272270, filed Nov.
16,2004, the disclosures of which are hereby incorporated in
their entirety by reference for all purposes.

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus for the cardio-
synchronized stimulation of skeletal or smooth muscle, but
excluding the heart muscles, in a counterpulsation mode of a
patient having a heart and a cardiovascular system. The
patient can be a human being or another mammal such as a
race horse, or could also be another animal having a heart and
a cardiovascular system such as a kangaroo (kangaroo hearts
in good condition can be used for valve replacement in
humans).

References in the following to a patient will cover all the
foregoing and does not imply the patient is suffering from ill
health, since treatments using the present invention can be
applied to persons or animals which are not ill but for which
a desire exists for improvement in some aspect of their physi-
cal or mental condition.

Apparatus and methods of this kind are, for example,
described in the International patent application with the pub-
lication number WO 01/013990.

The applicants have established that the apparatus and
methods described in the above mentioned document WO
01/013990 can be used to advantage for a large number of
different applications. A prime application of the apparatus
and methods described is improving the condition of the heart
of a patient, for example to reduce the likelihood of a heart
attack, or to improve the condition of the heart following a
heart attack, or to assist the patient in recovering following
bypass surgery, or to treat patients with chronic diseases, in
particular chronic heart failure and patients suffering from
demetabolic syndrome. In addition it has been found that the
treatment can be used with minor modifications in order to
improve blood flow to various parts of the body and to
improve lymph drainage from various parts of the body.
Moreover, it has been shown that the treatment can be used to
improve the general condition of a wide variety of patients,
such as those who are ill or recovering from illness. A wide
range of other applications are also known and described in
WO 01/013990.

BRIEF SUMMARY OF THE INVENTION

The object of the present invention is to improve the appa-
ratus and methods described in the document WO 01/013990,
and in particular to provide a very flexible system which
enables a patient to be treated as an outpatient, and indeed also
over a long period of time while the patient goes about his
normal daily life. It is a further object of the present invention
to provide apparatuses and methods which enable the treat-
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ment to which any particular patient is subjected to be varied
flexibly and for this treatment to take account of develop-
ments in this type of treatment which occur during the course
of time and which are expected as practical experience in the
use of the apparatus and methods grows and the database of
successful treatments becomes larger.

A yet further object of the present invention is to minimize
the physical size of the apparatus which is associated with the
patient, so that it is of light weight, is compact, is easily
carried, is reliable and does not hinder the patient in any
significant way and so that, for example, the batteries
involved have a long working life.

A et further object of the present invention is to provide an
apparatus and methods which enable the patient’s reaction to
the treatment he is receiving to be monitored remotely and
preferably for the treatment to be modified or interrupted if
monitoring shows that the treatment is not ideally suited to the
particular patient’s needs.

In order to satisfy the above object there is provided, in
accordance with the present invention, an apparatus of the
initially named kind comprising:

at least one active electrode and at least one passive elec-

trode adapted for attachment to said patient,

asignal processor preferably having an associated configu-

ration input for varying at least a time delay associated
with counterpulsation mode stimulation

a sensing system for sensing information relating to the

performance of the patient’s heart and for transmission
of information signals to said signal processor,

said signal processor being adapted to produce control

signal information relating to stimulation signals to be
applied to said at least one active electrode in a counter-
pulsation mode,

a stimulation signal generator associated with said active

electrode for generating stimulation signals

wireless transmission means for transmitting said control

signal information from said signal processor to said
stimulation signal generator whereby said stimulation
signal generator applies stimulation signals to said
active electrode in a counterpulsation mode in accor-
dance with said signal information.

The information relating to the performance of the heart is
typically selected from the group comprising: heart rate infor-
mation, ECG information, ECG derived information, ECG
information and information resulting from electrical stimu-
lation, ECG derived trigger signals, R-R information, end of
T-wave information, blood pressure information and blood
pressure derived information.

The sensing system can include at least one of an invasive
sensor, an intercavity sensor, a non-invasive sensor, a body
surface sensor and a remote sensing system detached from the
patient’s body.

Ifaremote sensing system is provided, the signal processor
can be integrated into said remote sensing system. The sens-
ing system is however preferably adapted for wireless trans-
mission of said heart information to said signal processor.

Alternatively, the sensing system can be adapted to trans-
mit said heart information to a medical evaluation unit asso-
ciated with the signal processor and the medical evaluation
unit is then preferably adapted to transmit signal configura-
tion information to the signal processor so that said signal
processor takes account of said configuration information
when generating said control signal information.

Apparatus of the above kind has the advantage that wire-
less transmission from the signal processor to the stimulation
signal generator enables the signal processor to be located
remote from the patient and for the stimulation signal gen-
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erator to be made compact and small because the processing
capacity necessary to generate the trigger signals for the
stimulation signal generator is located in the separate signal
processor and does not have to be carried by the patient. In
addition, the batteries associated with the stimulation signal
generator carried by the patient do not have to provide the
power for the operation of the signal processor and can there-
fore be made smaller and lighter.

Ttis particularly beneficial if the sensing system for sensing
information relating to the performance of a patient’s heart
and for transmission of information signals is adapted for
wireless transmission of said information signals, either to the
signal processor directly or possibly via the medical evalua-
tion unit. If such wireless transmission is used from the sens-
ing system then the patient is completely free of cables con-
necting him (or her) to the associated apparatus, such as the
medical evaluation unit and the signal processor.

For the purpose of the present invention it is sufficient if the
sensing system for providing information relating to the per-
formance of the heart simply detects the R-peaks of the
patient’s heart rhythm and establishes the time at which these
peaks occur in order to predict from them the end of the
T-wave of the heart thythm for each successive heartbeat, so
that stimulation can be carried out at or close to the predicted
end of the T-wave, i.e. in the counterpulsation mode. Such
information can be delivered by an electrocardiograph or
electrocardioscope but is basically also available from a
simple set of ECG electrodes which can be combined with a
simple light-weight monitor. Equally, devices are known,
such as the “Polar”™ belt or wrist-mounted blood pressure
detectors which also reliably provide signal traces related to
the patient’s heart rhythm and from which information on the
R-R peaks and/or the end of the T-wave can be derived. There
are also certain remote sensing systems which can deliver
corresponding information.

If electrical detection is used, for example using ECG
electrodes, then this has the benefit that the electrical stimu-
lation applied to the patient can also be picked up by the ECG
electrodes and can be displayed superimposed on the trace of
the patient’s heart rhythm. In this way the synchronization of
the electrical stimulation with the patient’s heart rhythm and
its effect on the patient’s heart rhythm can be better assessed.

It is possible for the sensing system to have its own trans-
mitter for transmitting information relating to the perfor-
mance of the patient’s heart to the signal processor, or to a
medical evaluation unit associated with the signal processor,
and for the stimulation signal generator to have an antenna for
receiving trigger signals and optionally other information
from the signal processor.

It is also possible for the transmitter of the sensing system
and the receiver of the stimulation signal generator to be
combined into a transceiver which is carried by the patient
and which is, for example, connected by wires to the sensing
system and to the stimulation signal generator. Such trans-
ceivers are readily available, for example in the form of a
mobile phone. Mobile phones also have the advantage that
they have significant signal processing power, so that relevant
software can be stored in them as can data relating to the
patient’s heart rhythm and the performance of the heart and
data relating to the stimulation applied or to be applied. Auto-
matic programs can then allow the transmission of such infor-
mation to amedical evaluation unit at intervals for assessment
by a medical practitioner monitoring a number of different
patients at the medical evaluation unit. Moreover, it is not
essential for a skilled medical practitioner to carry out all
evaluations. It is also conceivable for programs to be drawn
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up which enable at least routine checking to be carried out
with a medical practitioner only being alerted if something
appears to be amiss.

The signal processor can itself also be realized as a mobile
phone or as a dedicated unit similar thereto. This facilitates
communication from, for example, a mobile phone associ-
ated with the signal sensing system and/or the stimulation
signal generator since these two systems, i.e. a mobile phone
associated with the sensing system and/or the stimulation
signal generator and a mobile phone associated with a signal
processor, are inherently compatible. Again, the processing
power available in any modern mobile phone system is suf-
ficient for storage of the software programs needed by the
signal processor in order to analyze the information coming
from the sensing system, to predict the times at which the
ends of the T-waves occur and to generate the requisite trigger
signals for onward transmission to the stimulation signal
generator. If the signal processor is realized as a mobile phone
it can be carried by the patient—without the patient being
wired to the phone—and the mobile phone forming the signal
processor can receive via its inbuilt antenna signals transmit-
ted from an antenna of the sensing system (or from the stimu-
lation signal generator) and can transmit control signals to the
stimulation signal generator.

A further advantage of using a mobile phone or a mobile
phone-like system is that communication with any other
mobile phone or mobile-phone-like system involves a tele-
phone number which can be used to uniquely identify the
party with which communication is to be established and the
party from whom a communication is received. Thus, one
signal processor can communicate with a plurality of differ-
ent stimulation signal generators, and indeed with a large
number of them, and can provide different trigger informa-
tion and other information to each of them based on the
particular needs of the user or on the particular needs of the
associated stimulation signal generator.

It is not necessary for this communication to take place
simultaneously with a plurality of users but instead the rel-
evant information can be sent batch-wise at discrete times to
the individual users. For example, once a timing scheme of
trigger signals has been established it can be retained for a
period of time so long as the patient’s heart rhythm remains
substantially constant. Thus, trigger timing information sent
by the signal processor to the stimulation signal generator can
be stored in a memory of the stimulation signal generator and
used cyclically to trigger the electrical stimulation. Since the
stimulation signal generator can readily communicate with
the sensing system it is also possible for the timing estab-
lished by the signal processor to be retained and repeatedly
used by the stimulation signal generator to apply stimulation
to the patient until the sensing system providing heart infor-
mation shows that something has changed and needs to be
reflected by achange in the timing of the trigger signals. Once
this happens, the signal processor can be automatically called
up to provide changed timing.

It is particularly beneficial that the medical evaluation unit
gives medical practitioners the possibility of changing the
program used by the signal processor to generate the timing
signals. In this way the timing signals supplied by the signal
processor to the stimulation signal generator can be adapted
in accordance with the patient’s needs as assessed by the
medical practitioner.

It is particularly favorable if the medical evaluation unit is
also realized by incorporating elements of a mobile phone so
that communication can take place directly between the
medical evaluation unit and the stimulation signal generator.
For example, should the medical practitioner sense person-
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ally, or in response to an alarm signal generated at the medical
evaluation unit, that a treatment being used on a particular
patient is not satisfactory or is potentially dangerous, e.g.
because of some event, such as an accident, then the ability
exists to switch off the stimulation signal generator directly,
thus preventing further treatment until such time as the prob-
lem has been remedied.
The medical evaluation unit can also be adapted for wire-
less transmission of the configuration information to said
signal processor.
In an alternative embodiment the heart information pro-
duced by the sensing system can be sent not to the medical
evaluation unit but rather by wireless transmission to the
signal processor and the signal processor can be adapted to
transmit said heart information to the medical evaluation unit
(by wire or by wireless transmission). Likewise the medical
evaluation unit can then be adapted to transmit signal con-
figuration information to the signal processor by wire or by
wireless transmission and the signal processor then takes
account of said configuration information when generating
said signal information.
Ina particularly preferred embodiment a plurality of active
electrodes is provided, each having a respective stimulation
signal generator, and the signal processor is adapted to trans-
mit a respective control signal uniquely associated with one
of said active electrodes to each said stimulation signal gen-
erator. For example, the active electrodes can each have a
respective stimulation signal generator connected thereto via
a respective lead.
Alternatively, a respective lead can be provided for each
active electrode and means can be associated with a single
stimulation signal generator for applying stimulation signals
to said active electrodes in sequence via said leads.
When the signal processor has a single transmitter adapted
to transmit control signal information to a plurality of stimu-
lation signal generators, means are provided for uniquely
associating particular control signals with a respective one of
said stimulation signal generators.
Alternatively, the signal processor can have a plurality of
transmitters each adapted to transmit control signal informa-
tion to a respective one or group of said stimulation signal
generators. In the latter case means are provided for uniquely
associating particular control signals with a respective one of
said stimulation signal generators.
The signal processor is preferably adapted to transmit con-
trol signal information for a train of stimulation signals
applied to an active electrode, said control signal information
being selected from the group comprising:
amplitude of the stimulation signals,
frequency of the stimulation signals,
duration of the train of the stimulation signals, width of the
individual stimulation signals of the train
delay of the train of the stimulation signals relative to a
reference selected for counterpulsation stimulation and

arecognition code by which said stimulation signal generator
recognizes that said control signal information is intended
for it.

As indicated above, means is preferably provided at said
stimulation signal generator or at each said stimulation signal
generator for storing control signal information relating to
any respectively associated active electrode.

It is particularly beneficial when means is provided at said
signal processor for transmitting to said stimulation signal
generator at least one of a program for processing said control
signal information, any subsequent changes to said program
and a new program for processing said control signal infor-
mation.

10

20

25

40

45

50

60

65

6

The or each said stimulation signal generator preferably
includes at least some of the following items:
its own controller,
its own clock,
its own receiver antenna (RX),

a power circuit and
a battery.

Itis especially beneficial when the or each said stimulation
signal generator includes at least one of the following addi-
tional items:

a transmitter (TX),

means for data storage,

means for program storage and a
signal generator trigger.

An especially beneficial realization of the invention
involves providing the or each said stimulation signal genera-
tor with a program and/or hardware providing a wake mode,
asleep mode and a death mode. With such an arrangement the
battery associated with the stimulation signal generator only
delivers significant amounts of power during the wake mode,
but not during the sleep mode from which it can be awakened
or during the death mode from which it can no longer be
awoken other than by changing or recharging the battery.
Such a stimulation signal generator can be switched on and
off during even one heartbeat in order to save power and this
increases the working life of the battery prior to changing it or
recharging it.

It is particularly expedient when a display is provided at
least one of said signal processor, said stimulation signal
generator and a medical evaluation unit associated with said
apparatus, said display being for the display of said heart
information signals.

The display can also be adapted to display data represent-
ing an image of the electrical stimulation applied to said
patient. The display is preferably adapted to display one of an
actual ECG-trace and a representation of an ECG-trace with
said image of the applied electrical stimulation superimposed
thereon.

When a medical evaluation unit is provided it preferably
also has an associated printer for printing said display data.

The said sensing system is preferably also adapted to send
timing signals to said stimulation signal generator or genera-
tors. This enables the synchronization of the trigger signals
(especially the stored trigger signals referred to above) with
the patient’s heart rhythm to be checked.

The sensing system includes a non-electrical sensor and
transmits data from said non-electrical sensor to said signal
processor. Such a system avoids the electrical stimulation
applied to the patient being incorrectly interpreted as heart
information.

The sensing system includes an associated signal processor
and a transmitter. This enables the signal processor (which
can again be part of the mobile phone or of a mobile phone
related unit) to compress the heart information and informa-
tion on electrical stimulation applied to the patient prior to
transmission to the signal processor or the medical evaluation
unit.

The sensing system can conveniently include at least one of
an A/D converter, a data storage memory and a data compres-
sor. At least one of said A/D converter, said data storage
memory and said data compressor can be embodied in said
associated signal processor.

When the sensing system includes a data compressor for
compressing information for transmission to said signal pro-
cessor or said medical evaluation unit into packages, the
signal processor and/or the medical evaluation unit is adapted
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to assemble said data packages into a continuous data stream,
optionally in the form of an ECG-trace with superimposed
electrical stimulation signals.

A respective code is preferably uniquely associated with
each of said sensing system, said signal processor and said
electrical stimulation signal generator or generators, so that
each item can be uniquely identified.

The electrical stimulation signal generator preferably has
an associated power supply in the form of a battery and a
boost converter.

A method of operating an apparatus for the cardio-syn-
chronized stimulation of skeletal or smooth muscles, but
excluding the heart muscles, in a counterpulsation mode on a
patient having a heart and a cardiovascular system, compris-
ing the steps of using a sensing system providing heart infor-
mation from the patient to communicate said heart informa-
tion by wireless means to at least one of a signal processor and
a medical evaluation unit adapted to input configuration data
to the signal processor and the step of using the signal pro-
cessor to send trigger data to one or more stimulation signal
generators adapted to apply electrical stimulation signals to
electrodes provided on or in the patient.

The signal processor can send the trigger data, i.e. the
control signal information, to said one or more stimulation
signal generators by wireless transmission.

Preferred variants of the apparatus and of the methods are
set out in the claims and in the further description.

The invention will now be described in more detail by way
of example only and with reference to the accompanying
drawings in which are shown:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is afirst schematic diagram illustrating the operation
of the present invention in accordance with a first embodi-
ment,

FIG. 2 is a diagram similar to FIG. 1 of a second embodi-
ment of the present invention,

FIG. 3 is a further diagram similar to FIG. 1 of a third
embodiment of the present invention,

FIG. 3A is a diagram related to that of FIG. 3 but showing
bidirectional wireless communication between a configura-
tion input for a signal processor and the signal processor,

FIG. 4 is a fourth diagram similar to FIG. 1 showing a
fourth embodiment of the present invention,

FIG. 5 is a schematic diagram similar to FIG. 4 showing a
possible alternative version of the embodiment of the FIG. 4,

FIG. 6 is a further diagram similar to FIG. 4 showing a yet
further alternative embodiment of the present invention

FIG. 7 is a further schematic diagram related to FIG. 4 but
showing a yet further embodiment of the present invention,

FIG. 7A is a diagram related to that of FIG. 7 but showing
the possibility of bidirectional wireless transmission between
a medical evaluation unit and a signal processor,

FIG. 7B is a diagram similar to FIG. 7A but showing the
signal processor connected by a lead to or integrated with a
stimulation signal generator,

FIG. 8 is a schematic diagram showing a first embodiment
of aboost converter capable ofuse for the present invention to
increase the output voltage of a battery to a higher voltage for
electro stimulation purposes,

FIG. 9 is a schematic diagram of a second boost converter
similar to that of FIG. 8 but further modified for the purposes
of the present invention,

FIG. 10 is a schematic diagram of a stimulation signal
generator useful for the present invention and operable with
either the circuit of FIG. 8 or the circuit of FIG. 9,
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FIG. 11A is a schematic diagram representing an ECG
trace taken from a patient with electrical stimulation pulses
superimposed thereon, this being a diagram which can be
displayed at the sensing system, at a medical evaluation umt
associated with the sensing system or at a signal processor
associated with the sensing system,

FIG. 11B is a diagram showing an enlarged scale the shape
of two sequential biphasic pulses of the electro stimulation
pulses shown in FIG. 11A,

FIG. 12 is a schematic diagram explaining the operation of
the boost converter of FIG. 8,

FIG. 13 is a schematic diagram explaining the operation of
the boost converter of FIG. 9,

FIGS. 14A and 14B are diagrams showing a simulation
signal generator connected to a pair of active and passive
stimulation electrodes suitable for use in any of the embodi-
ments of the present invention, and indeed in a plan view
(FIG. 14A) and in a side elevation (FIG. 14B),

FIG. 15 is a diagram showing a patient provided with four
pairs of active and passive electrodes,

FIGS. 16A and 16B are diagrams similar to FIG. 11A but
showing how the stimulation signals are applied to each pair
of active electrodes in turn, the diagram of FIGS. 16A and
16B corresponding to FIGS. 6 and 8 of the International
application published as WO 2005/044373, and

FIGS. 17A and 17B are diagrams corresponding to FIGS.
5A and 5B of WO 2005/044374 showing one possible
scheme of electrical stimulation provided to one pair ofactive
and passive electrodes for one heartbeat of a patient.

FIGS. 18A and 18B are diagrams showing further exem-
plary embodiments.

DETAILED DESCRIPTION OF THE INVENTION

In the embodiments of the different figures, the same ref-
erence numerals will be used to identify components which
are identical to each other or have the same function. It will be
understood that the description given for any component hav-
ing a particular reference numeral in any one of the figures
also applies to any component having the same reference
numeral in any other figure, unless something is stated to the
contrary.

Turning first of all to FIG. 1 there can be seen an apparatus
10 for the cardio-synchronized stimulation of skeletal or
smooth muscle present on or in a person 12, or on or in
another patient such as a racehorse or on or in an animal, the
said person, patient or animal having a heart and a cardiovas-
cular system. The skeletal or smooth muscle can in principle
be located anywhere on the body of the patient.

The stimulation is effected typically via electrodes such as
14,16, e.g.in the manner described in the International patent
application with the publication number W0O01/013990, or in
the manner described in the International patent applications
published as WO 2005/044373, W02005/044374 and WO
2005/044372, or in the EP publication EP1529550, all filed
on Nov. 8,2004, the contents of which are incorporated herein
by reference.

The apparatus 10 comprises the following items:

at least one active electrode 14 and at least one passive
electrode 16 adapted for attachment to the patient 12
being treated,

a signal processor 18 having an associated configuration
input 20 for varying at least the time delay associated
with the counterpulsation mode stimulation,

a sensing system 22 for sensing information relating to the
performance of the patient’s heart and for transmission
of information signals to the signal processor 18, the
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signal processor 18 being adapted to produce control
signal information relating to stimulation signals to be
applied to said the least one active electrode 14 in the
counterpulsation mode,

a stimulation signal generator 24 associated with the at
least one active electrode for generating the stimulation
signals which are applied to the at least one active elec-
trode and

wireless transmission means 26 embodied in or associated
with the signal processor 18 for transmitting the control
signal information from the signal processor 18 to a
receiver 27 at the stimulation signal generator 24.

In this way the stimulation signal generator 24 applies
stimulation signals to the at least one active electrode in the
counterpulsation mode in accordance with the control signal
information received from the signal processor 18.

The information relating to the performance of the heart
can be of different types and can, e.g., be selected from the
group comprising: heart rate information (for example from a
“Polar” Belt™), ECG information (e.g. from an electrocar-
diograph or electrocardioscope), ECG derived information,
ECG information and information resulting from electrical
stimulation, ECG derived trigger signals, R-R information,
end of T-wave information, blood pressure information (e.g.
from a blood pressure monitor) and blood pressure derived
information.

The said sensing system 22 can include at least one of an
invasive sensor, an intercavity sensor, a non-invasive sensor, a
body surface sensor and a remote sensing system detached
from the patient’s body.

The operation of the individual items listed above will now
be explained in more detail. As noted above the stimulation is
applied in the counterpulsation mode as described in the
above referenced WO01/013990. Basically speaking this
means that the initial electrical stimulation is applied to the
patient at a time corresponding to the end of the T-wave of the
patients heart rhythm and more specifically in a time window
lying within a range of 5% of the R-R path before the end of
the T-wave and 45% of the R-R path after the end of the
T-wave.

The precise time at which the initial stimulation is applied
via the electrodes to the patient in synchronization with the
patient’s heart rhythm relative to the end of the T-wave is
referred to as the delay. This delay is said to be negative if the
stimulation is applied at a time lying within the range of 5%
of the R-R path before the end of the T-wave and is positive if
the delay is applied within the range of 45% of the R-R path
after the end of the T-wave. It is zero if the initial stimulation
corresponds with the end of the T-wave. Instead of measuring
the delay with respect to the end of the T-wave it is more
convenient to measure it from the preceding R-peak, in which
case it is always positive.

It will be appreciated by those skilled in the art that the
concept of R-R path lengths, corresponding to the distance
between successive R-peaks of the heart rhythm, e.g.. as
displayed on an electrocardiogram, and the point in the elec-
trocardiogram referred to as the end of the T-wave are well
established terms in the medical field. They are shown, for
example, in FIG. 11A andin FIG. 16B. Furthermore, it will be
understood that the actual length of the R-R path, e.g.
expressed in milliseconds, is inversely proportional to the
patient’s heart rate prevailing at any one time and is subject to
considerable variation depending on the condition of the heart
and on whether the patient is at rest or is exercising, or is
excited, is nervous or performing strenuous tasks. The end of
the T-wave can be predicted from the times at which the
R-peaks occur using the so-called Bazett relationship or by
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reference to tables of statistics for various categories of per-
sons or patients. When using cardiostimulation in accordance
with the present teaching it is necessary to predict, from
historical values of the R-R path length, e.g. from the imme-
diately preceding R-R path length, or from a recent average
value of the R-R path lengths of several preceding heart beats,
when the end of the next T-wave will occur and to time the
triggering of the electrical stimulation signals to occur at or
near to the predicted end of the T-wave using the appropriate
delay.

Ways of predicting the end of the T-wave from past R-R
values and a discussion of the difficulties which arise can be
found in the aforementioned publication WO 2005/044373.
In addition the application published as WO 2005/044374
describes the way a muscle contraction canbe prolonged with
benefit by applying additional electrical muscle stimulating
pulses during each heart beat after the initial stimulating
pulse. The application published as WO 2005/044372
describes an apparatus and method by which the electrical
stimulating pulses are varied in accordance with a predeter-
mined pattern or randomly in order to avoid a muscle or
muscle group to which stimulation is applied for a long time
from becoming fatigued. All these techniques require a signal
processor such as 18 to determine the timing of the individual
electrical stimulating pulses relative to the patient’s actual
sensed heart rate or rhythm.

As will be explained later it would be unusual to provide
just a single active electrode. The prior proposals of the
present applicants usually involve four active electrodes asso-
ciated with a group of muscles and a stimulation signal is
applied to each active electrode in turn so that each active
electrode receives a stimulation signal every four heart beats.
This helps avoid the muscles becoming fatigued or too accus-
tomed to the applied stimulation. Although some of the
attached figures show only one active electrode 16, generally
a plurality of active electrodes is present as will be explained
later. However, the present teaching could be used with just
one active electrode. The concept of using multiple active
electrodes will be described later with reference to FIGS. 15,
16 and 17

Itis convenient for the signal processor 18 to deliver trigger
signals which trigger the generation of the actual electrical
stimulation signals applied to the patient in the stimulation
signal generator. One design for a stimulation signal genera-
tor is given in the EP publication EP1529550, the content of
which is also incorporated herein by reference. Another
stimulation signal generator will be described later.

By providing the signal processor 18 separately from the
stimulation signal generator 24 it is possible to standardize
the stimulation signal generator 24 and to reduce its size so
that it can be carried by the patient without being a burden to
the patient and without inhibiting his activities in any way.
Achieving a further reduction in size of the stimulation signal
generator with a simultaneous improvement in its perfor-
mance is another aim of the present teaching. Yet another aim
of the present invention is to enable one stimulation signal
generator to be connected to each pair of active and passive
electrodes 14 and 16 so that with a plurality of active elec-
trodes 14 alike plurality of stimulation signal generators 24 is
present.

Moreover, by adding intelligence to the signal processor 18
it can be made very flexible and adapted to deal with a variety
of different circumstances. It can also be reprogrammed to
take account of the latest findings, e.g. so as to implement
particularly beneficial pulse timings or pulse profiles or par-
ticularly beneficial courses of treatment, without having to
change the apparatus carried by the patient.
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Equally one signal processor 18 can be used with a variety
of different sensing systems 22 and can be adapted or updated
to derive the information needed from the respective sensing
system 22, by processing the signal output from that system to
enable the correct timing of the trigger pulses used to trigger
electrical stimulating pulses at the stimulation signal genera-
tor 24 (or stimulation signal generators if a plurality of them
are present). In addition the signal processor can be designed
to deliver trigger pulses in the millivolt range whereas the
stimulation signal generator delivers electrical stimulating
pulses with a substantially higher amplitude, say up to 50
volts.

A large number of different variants of the above described
basic apparatus can be realized. For example, as indicated in
FIG. 2, when a remote sensing system 22 is provided, the
signal processor 18 can be integrated into said remote sensing
system 22 or connected to it by a lead 23. The communication
between the remote sensing system 22 and the signal proces-
sor could, however, also take place via a transmitter 28 and a
receiver 30 as indicated in dotted lines in FIG. 2.

Because remote sensing systems are not yet well developed
it is however preferred to use a sensing system 22 which is
attached to the patient and it is then preferred for said sensing
system 22 to be adapted for wireless transmission of said
heart information to the signal processor 18. This can be
achieved by a wireless transmitter 28 embodied in or associ-
ated with the sensing system 22 and an antenna 30 embodied
in or associated with the signal processor 18, as shown in FIG.
1.

However, as indicated in FIG. 3, even if a sensing system or
unit 22 is used which is attached to the patient, i.e. is not a
remote sensing unit, the signal processor 18 could still be
integrated into the sensing system or connected to it by a lead
23. Another possibility, which could be used in all embodi-
ments and which is shown in FIG. 3A, is for the signal
processor 18 to be adapted to receive at the receiver 30 con-
figuration information transmitted to it from a transmitter 46
at the configuration input. As a further option, a receiver 38'
can be provided at the configuration input, e.g. to receive
information from the signal processor 18 or from a medical
evaluation unit. This has the advantage that the configuration
input 20 can, for example, include a keyboard and a display
screen of useful size which is present at a location remote
from the signal processor which is carried by the patient, so
that the patient is free to move unencumbered by the keyboard
and screen. The wireless connection between the configura-
tion input 20 and the signal processor 18 and/or between the
configuration input 20 and the medical evaluation unit 32 can
be realized by a mobile phone, a personal digital assistant
with phone function, or any device with transmitter and/or
receiver capabilities, or any standard piece of equipment hav-
ing a transceiver, a microprocessor, a memory for storing
software and data, a battery, or other source of power and a
clock.

It can also be beneficial if in accordance with FIG. 4, the
sensing system is adapted to transmit said heart information
to a medical evaluation unit 32 and the medical evaluation
unit 32 is adapted to transmit signal configuration informa-
tion to said signal processor 18, with the signal processor 18
taking account of said configuration information when gen-
erating the control signal information.

The medical evaluation unit can be a computer, e.g. a
suitably programmed PC, or can take the form of an informa-
tion presentation system viewed by a skilled operator who
then provides input information to the signal processor—e.g.,
via the configuration input 20, or directly via an input at the
medical evaluation unit which passes via the lead 34 to the
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signal processor 18—to ensure the appropriate stimulation
signals are triggered at the stimulation signal generator.

The configuration input 20 is adapted to input all param-
eters to the signal processor 18 which are necessary for it to
generate the required operating or trigger signals for the
stimulation signal generator(s) 24. The medical evaluation
unit, which can be connected to the configuration input 20 (or
communicate with it wirelessly), may well have a need to
check the operating data currently input at the configuration
input 20, and thus the configuration unit 20 is designed to
make the required information available to or accessible by
the medical evaluation unit 32. Equally, it may be useful for
the signal processor 18 to not only receive operating param-
eters from the configuration input 20 (or from the medical
evaluation unit 32) but for the actual operating parameters
being used by the signal processor to be available to or acces-
sible by the configuration input 20 and/or the medical evalu-
ation unit 32, so that transmission of said operating data from
the signal processor 18 to the configuration unit 20 and/or to
the medical evaluation unit 32 is also preferably provided for.

More specifically, the medical evaluation unit 32 is adapted
to display and/or print out the signals from the sensing sys-
tem, e.g. in the form of an electrocardiogram, or simply in the
form of a succession of R-R peaks possibly together with
entries showing the positions of the T-waves or the predicted
ends of the T-waves, together with signals representative of
the applied stimulation. This enables a skilled operator view-
ing the display to control the signal processor, either by sig-
nals input by him at the medical evaluation unit or at the signal
processor (optionally at the configuration input or another
dedicated input) to change the stimulation treatment applied
to the patient. If the medical evaluation unit 32 is realized as
a computer or includes a microprocessor—which will nor-
mally be the case—then it is preferably programmed to con-
trol the signal processor to generate trigger signals for trig-
gering the stimulation signal generator(s) to apply the
appropriate stimulation signals to the patient. The position at
which the control signals from the medical evaluation unit
enter the signal processor can also be considered to be a
configuration input.

In the example of FIG. 4 a non-remote sensing system 22 is
used, i.e. one attached to the patient and signals from the
sensing system 22 are transmitted by a lead 25 to the medical
evaluation unit 32. As mentioned the medical evaluation unit
32 is connected via a lead 34 to the signal processor 18. As
before, the signal processor 18 transmits the timing signals
for the electrical stimulation pulses via the transmitter 26 to
the receiver 27 at the stimulation signal generator.

It is, however, preferable for the medical evaluation unit 32
to be adapted for wireless transmission of said configuration
information to said signal processor 18 as shown in FIG. 5.
This can be done by means of a transmitter 36 at the medical
evaluation unit which communicates with a receiver 30 at the
signal processor or a receiver 38' at the configuration input 20.
In an alternative (not shown) the receiver 30 can be integrated
with the transmitter 26 and configured as a transceiver. This
arrangement enables the medical evaluation unit and the sig-
nal processor to be housed in different rooms and indeed at
completely separate remote locations. For example, the medi-
cal evaluation unit could be located in a special facility in a
hospital and the signal processor in a doctor’s practice in a
different building, town or country. It is particularly prefer-
able if as shown in FIG. 6, the sensing system is adapted to
transmit said heart information to said medical evaluation
unit by wireless transmission. For this purpose the sensing
system 22 has a transmitter 28 and the medical evaluation unit
areceiver 38.
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This variant has the advantage that the patient can be com-
pletely mobile and located a considerable distance from both
the medical evaluation unit 32 and the signal processor 18.
The patient only needs to carry on his person the sensing
system 22 with transmitter 28 and the stimulation signal
generator(s) 24 with receiver 27. Both the sensing system (22)
and the stimulation signal generator(s) 24 can be made very
small, so that the patient’s mobility is nothindered and he can
be subjected to long-term treatment while going about his
daily life. In the variant shown in FIG. 6 the receiver 38 and
the transmitter 36 at the medical evaluation unit can be com-
bined into a transceiver. Even if the patient carries the signal
processor 18 in the form of a mobile phone on his person,
which is one possibility, this does not hinder him unduly
because he is not wired to the phone.

It would also be possible to combine the signal transmitter
28 at the sensing system 22 and the signal receiver 27 at the
stimulation signal generator 24 into a single transceiver.
Moreover, the stimulation signal generator and the sensing
system could be integrated into a single device as indicated by
the dotted outline 40 in FIG. 6.

One particularly favorable realization of such a single
device would be a dedicated unit which would, for example,
take the form of a mobile phone, a personal digital assistant
with phone function or any standard piece of equipment hav-
ing a transceiver, a microprocessor, a memory for storing
software and data, a battery or other source of power, a clock
and the necessary interface(s) for connection to the sensor or
sensors 21 at the patient, such as ECG sensors, and to active
and passive electrodes 14, 16. The dedicated unit could also
include a screen for displaying a trace symbolizing and relat-
ing to the positions of the R-R peaks and the end ofthe T-wave
and possibly a signal relating to the stimulation applied. The
realization as a mobile phone is particularly attractive since a
mobile phone has all the necessary elements of the dedicated
unit, or could be provided with additional interfaces if nec-
essary. In particular a mobile phone has plenty of storage
capacity for storing software and data relating to the addi-
tional functions it has to perform for implementing the
present teaching. Indeed it could be further developed to
function as a heart monitor and provide timely warnings to a
receiver at, e.g., the medical evaluation unit, if a heart attack
is incipient—enabling remedial action to be taken at an early
stage, e.g. in a telephone call from an operator at the medical
evaluation unit to the patient concerned, or by alerting an
emergency service.

Moreover, the signal processor 18 can also take the form of
a dedicated unit which could, for example, take the form of a
mobile phone, apersonal digital assistant with phone function
or any standard piece of equipment having a transceiver, a
microprocessor, a memory for storing software and data, a
battery or other source of power, a clock and an input for
configuration data and/or control signal information. It could
also comprise a mobile phone related unit having one or more
signal receivers, transmitters in addition to a telephone aerial
or aerials.

In another variant shown in FIG. 7 the sensing system 22
transmits heart signal information to the signal processor 18
and the signal processor is adapted to transmit or relay heart
information to the medical evaluation unit 32 viaa lead 44 and
said medical evaluation unit is adapted to transmit signal
configuration information to said signal processor via the lead
34. The signal processor 18 then takes account of the con-
figuration information when generating said signal informa-
tion.

In an alternative shown in more detail in FIG. 7A the signal
processor 18 is adapted to transmit said heart information to
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said medical evaluation unit 32 by wireless transmission as
indicated by the receiver 38 shown in dotted lines at the
medical evaluation unit and the medical evaluation unit 32 is
adapted for wireless transmission of said configuration infor-
mation via the transmitter 36 to the receiver 30 at the signal
processor 18. In this case the receiver 30 and the transmitter
26 can form one transceiver and the receiver 38 and the
transmitter 36 can form a second transceiver. Again the trans-
mitter 28 and the receiver 27 can also be combined into a
transceiver and all transceivers can be realized as a mobile
phone or as a mobile phone related unit.

FIG. 7B shows possible further modifications of the
embodiment of FIG. 7A. In one modification the configura-
tion input 20 communicates with the signal processor 18 by
wireless transmission, as discussed in connection with FIG.
3A and/or with the medical evaluation unit 32 by wireless
transmission. For example, the transmitter 46 at the configu-
ration input 20 can communicate with the receiver 30 at the
signal processor 18 and/or with the receiver 38 at the medical
evaluation unit 32. Moreover, the transmitter 26 at the signal
processor can transmit information to the receiver 38' at the
configuration input 20. The receiver 38' at the configuration
input can alternatively or additionally receive information
from the medical evaluation unit by wireless transmission
from the transmitter 36 provided at the medical evaluation
unit 32. For example, the medical evaluation unit could reset
the parameters of the stimulation being applied to the patient
by sending new configuration data either directly to the signal
processor 18 or via the configuration input 20 and could also
send a message to the configuration input 20 advising the
patient of the changed parameters when he views or switches
on the screen associated with the configuration input 20.

Furthermore, FIG. 7B shows by way of the line 48 that the
signal processor could also be connected by a lead to the
stimulation signal generator(s) 24. If a plurality of stimulation
signal generators 24 are present, then the signal processor 18
could be connected to one or more of them by a lead and the
other signal generators could either be interconnected by
leads or communicate with each other wirelessly.

In a further alternative the signal processor could be inte-
grated with all or one of the stimulation signal generators 24
and could communicate wirelessly with each stimulation sig-
nal generator 24. In these cases, i.e. when the signal processor
is connected by a lead to one or more stimulation generators
24 or is integrated with one or more of them, the signal
processor 18 is physically carried by the patient. This is not a
problem because the signal processor 18 can be made very
small and requires little power to drive it. This power can
readily be supplied by the battery associated with each stimu-
lation signal generator. It is later described with reference to
FIGS.14A and 14B how a stimulation signal generator can be
used for each pair of active and passive electrode 14, 16 and
can, for example, be clipped to them. It is entirely possible
and indeed sensible to integrate the signal processor 18 into
one of the stimulation signal generators 24 or possibly to have
a signal processor 18 integrated into each of the stimulation
signal generators 24. This would make it possible to use one
standard integrated component (stimulation signal genera-
tor+signal processor) for each pair of electrodes with
economy of scale due to the need to manufacture only one
standardized device. Moreover, since each stimulation signal
generator has its own battery, the individual batteries can be
kept relatively small and the distributed weight is not a prob-
lem for the patient.

In addition, it should be noted that the embodiment of FIG.
3A can also be modified to include a medical evaluation unit
32 communicating with one or both ofthe configuration input
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20 and the signal processor 18 by wireless transmission (op-
tionally bidirectional as discussed in connection with FIG.
7B).

As mentioned above one of the objects of the present
invention is to improve the design of the stimulation signal
generator to make it lighter, compacter and to improve the
working life of the batteries that are used. One way of achiev-
ing this is to avoid a bulky and heavy transformer for the
power circuit.

The reasoning behind the concept is as follows: At low
battery voltage Vo and at a given maximum stimulation end
voltage Vmax of a power circuit, the transformer can become
too bulky and too heavy, because the ratio of the transformer
would have to be increased to reach Vmax, the more Vo is
being reduced. As an example: at Vo=7.4 V and at Vmax=45
V, a standard transformer ratio of, e.g., 1:10 can be used by
increasing the output voltage from 5 V to 50 V, allowing
Vmax of 45V without distortion. At Vo of 1.2V aratio of 1: 50
would have to be used to increase the output voltage from 1.0
V to 50V, allowing Vmax of 45 V without distortion. Such a
transformer would be inordinately heavy. The basic solution
provided by the present invention is to use a boost converter
which is shown in FIG. 8 It consists of an inductor 50 “L”, a
diode 52 “D”, a capacitor 54 “C”, a switching component 56
“So” and a boost controller 58. In an improved version of the
boost converter a second switching component 60 “Soo”
shown in FIG. 9 is used which is connected to the battery
voltage supply Vo, and to ground, GND. The complete circuit
shown in FIG. 10 further involves a switching set up, e.g., the
form of a so-called H-Bridge involving the switches S1, S2,
S3, S4, is connected to the two outlets (+Vx and GND) to
allow the desired switching to be controlled by an H-Bridge
controller. In integrated circuits, the voltage Vo from the
battery is nowadays typically equal to 1.2 V.

Any switching component can be used for the switches So,
Soo, 81, S2, 83 and S4, such as electronic analog switches,
transistors, triacs, etc., whatever is best suited for micro inte-
gration to keep dimensions small. There are many ways how
such a booster converter can be switched. The following
describes one specific example. The description below
shows, as a preferred example, how a desired constant voltage
signal, a fully balanced plus/minus signal as shown in the
impulse diagram of FIG. 11, can be achieved to be applied to
a patient using a booster converter.

The diagram of FIG. 11 shows in FIG. 11A atypical e.c.g.
trace with the repeating signal elements QRSTPQR . . . as
well known to any cardiologist. Superimposed on this trace
and starting at the end of the T-wave; i.e. after the time QT in
FIG. 11A is a stimulation signal comprising a first train of
pulses having a duration D with two sequential pulses of this
train (which are representative of all the pulses) being shown
to an enlarged scale in FIG. 11B. It is noted that the relative
amplitudes of the pulses in FIG. 11A are to different scales. In
practice the amplitude of the stimulation pulses during the
interval D is in the range up to =45 volts whereas the peak
amplitudes of the R-peaks are of the order of millivolts.

The graph of FIG. 11B shows how the impulse signal Vp
varies as a function of time (with time being shown to an
expanded scale relative to FIG. 11A). The pulses of FIG. 11B
are so-called biphasic pulses. That is to say the impulse signal
Vp increases from zero to a maximum with a relatively sharp
rise time, dwells at the peak amplitude for a time essentially
equal to W/2, then drops sharply to a minimum value at which
it persists for a further time equal to W/2 following which it
returns to zero and remains at this level for a period Tb prior
to repeating again. Thus, the desired biphasic signal is essen-
tially a rectangular wave signal with positive and negative
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components of balanced amplitude, with the pulses having a
duration W shorter than the pulse interval Th. This signal
results in a minimum net electrical loading of the patient and
aminimum net consumption of energy to achieve a particular
muscle contraction and maintain it for a period of time which
is actually greater than D and up to two to three times the
duration D. Particularly preferred excitation signals are
described in W0O2005/044374.

To achieve the positive constant voltage flank of FIG. 11B
using the circuit of FIG. 8 the switching component So is
switched continuously by the boost controller to build up in
small digital steps to the desired maximum voltage V as
shown in FIG. 12 as one of the parameters set by the controller
to the signal generator and thus to the boost controller in order
to regulate the desired constant output voltage +Vx, for the
duration D of the package of impulse trains, see the impulse
diagram of FIG. 11A. For this purpose the boost controller
has a feedback of the effective voltage Ve of the capacitor C
from the positive output compared to ground “GND” so it can
regulate the value Vx to become and stay constant at the set
value Vs. The boost controller uses a clock (not shown) to
open and close the switching component So at high fre-
quency.

Initially, the H-Bridge controller closes switches S2+S4
(51+S3 are open). The active and passive electrodes (14, 16)
are connected to GND and Vp on the patient=0 V. At the
desired time Td (2), the controller closes switch S3+S2 (S1+
S4 are open). As a consequence +VX is connected to the active
electrode 14 on the patient and the GND is connected to the
passive electrode 16 on the patient. A current corresponding
to the actually prevailing voltage difference Vp and the resis-
tance and capacitor value of the human body flows between
the electrodes.

Because the switch So is continuously closed and opened
and closed and opened at the frequency determined by the
boost controller, and because the diode D prevents current
flowing back, the capacitor is charged and increased in its
voltage each time the switch So is opened and, as a conse-
quence, the voltage on the patient Vp is incrementally
increased (3) until after time Tx the set voltage Vs is equal to
the voltage VX, so the voltage on the patient now has become
Vp=+Vx (4). The voltage gradient increase is proportional in
time to the frequency of the switching of So and the voltage
steps are proportional to the selected steps. Typically, a 1
MHz boost controller 58 could e.g., boost the voltage from 0
V to 50 V in 20 steps per volt, each requiring one switching
step in the time Tx of 1 milliseconds (50 V times 20 steps/
V=1000 steps; 1000 steps divided by 1,000,000 steps/
sec=0.001 sec or 1 millisecond.

The switching component So continues to be switched
with S3+S2 being closed (S1+S4 are open) to recharge the
capacitor in order to compensate the current flowing to the
patient. The voltage + Vx=Vpis applied to the active electrode
14 of the patient and the corresponding current flows for the
desired time Tw.

To achieve the negative constant voltage flank at the
desired time Twl (5), the H-Bridge controller switches
instantly and closes S1+84 (S3+S2 are now open): Now the
active electrode 14 on the patient is connected to GND and the
passive electrode 16 becomes -V, because the voltage Ve on
the capacitor cannot jump. The voltage on the patient Vp is
now the negative voltage —Vx and a corresponding current
now flows from the passive electrode to the active electrode.
This inversion of the voltage +Vx at the output of the boost
converter is indicated in FIG. 12 by the dotted line. The
diagram shows that the output of the boost converter always
stays at the constant level +Vx, however it is the switching of
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the H-Bridge, which reverses the effect Vp on the patient. The
boost controller continues switching the switch So and the
negative voltage —Vx is being kept on the patient for a second
period Tw2 (6). This is how an identical, but inverted (nega-
tive) signal can be produced simply by switching the
H-Bridge correspondingly.

After period Tw2 has elapsed, the H-Bridge is now
switches at point (6) and closes S2+54 (S1+S3 are open).
Now passive and the active electrodes 16, 14 are now again
connected to GND and the human capacitor is discharged
instantly and with this the voltage Vp on the patient drops
immediately to zero. Switching of So can now either rest to
save battery power or it continues to be switched and with this
the capacitor keeps its charge for a break corresponding to the
period Tb (7).

After the period of the break Tb (7) (the break is being
calculated as the interval time [, minus impulse width W (see
FIG. 11B) has elapsed, the H-Bridge controller switches
closes switch S3+S2 (S1+S4 are open). Now the charged
capacitor can discharge instantly the positive voltage
+Vx=Vp to the patient and the process described above
resulting in positive and negative flanks is repeated.

After the period of the duration D has ended with a last
switching of the H-bridge closing S2+54 (8), hereby connect-
ing both the active and passive electrode to GND and Vp=0,
So switching can be stopped and the capacitor can either be
discharged by closing S1+S2, for instant discharging of the
capacitor, or alternatively, the capacitor maintains its charge
until the next set value Vs defines whether the voltage has to
be increased or decreased.

So for the next impulse of trains the process can be started
again to design a constant voltage signal having the same or a
different amplitude A. When the capacitor has not been dis-
charged it can be boosted to the newly desired level (up or
down).

Using such a boost converter and an H-Bridge any signal
can be designed as a function of time at the outputs. The
example described and shown is simply given as one possible
example.

The preferred embodiment of the boost converter and its
operation will now be described with reference to FIGS. 9 and
13.

As noted above, the FIG. 9 embodiment includes an addi-
tional switching component Soo in comparison to FIG. 8 and
this switching component Soo is provided and is also
switched by the boost controller when required.

The setup works in principle in exactly the same manner as
described with reference to the embodiment of FIG. 8, except
that, for achieving the positive flank for the first time, the
switch Soo of the positive booster converter is opened mean-
ing that the designed positive flank of the voltage increase to
Vx cannot be delivered to the active electrode 14 and the built
up voltage Vx is stored in the capacitor. At the desired time
Td2 (9), Soo is closed and the stored voltage Vx is instantly
delivered to the active electrode, without the design-related
delay Tx. The buildup of the desired voltage +Vx in the
capacitor has to be done prior to the time Td-Tx to allow an
instant delivery of the full voltage Vx.

All other steps remain the same as described with reference
to FIGS. 8 and 12.

It remains to be said, that some effort is required to inte-
grate switching component Soo into a micro integrated cir-
cuit, but there are ways how it can be done. Although the
diagram of FIG. 13 is ideal, it is acceptable to use only the
setup of FIG. 12 as an acceptable compromise.

As indicated above a plurality of pairs of active/passive
electrodes 14, 16 are preferably provided and each pair of

15

20

25

30

35

40

45

50

60

65

18

active/passive electrodes 14, 16 has its own stimulation signal
generator 24 or power circuit 24 so that reference will be
made here to multiple power circuits. Each power circuit of
the multiple power circuits is placed directly onto a respective
pair of active and passive electrodes, placed in the vicinity of
each other onto the patient’s skin avoiding the need for wiring
between a power circuit unit and the electrodes. One terminal
of each electrode is used to connect and carry the respective
power circuit unit thus keeping the wiring to a minimum.

Each stimulation signal generator 24 is equipped with switch-

ing components to form a so-called H-Bridge, S1-S4 and one

boost converter is powered from a battery of a design voltage

V0 as described above with reference to FIG. 8 or FIG. 9.
The stimulation signal generator receives three different

pieces of information. First of all it receives

A) delay information, i.e. the exact moment when the power
circuit has to stimulate relative to the heartbeat, from the
signal processor 18 via the transmitter 26 of the signal
processor and the receiver (RX) 27 of the stimulation sig-
nal generator

B) parameters, i.e. combinations of amplitude, frequency,
duration, signal width of single or multiple trains of stimu-
lation packages from the data storage 60, where these
parameters are stored. Such parameters are received via the
receiver RX, whenever a corresponding new parameter is
being sent by wireless communication from the signal
processor 18. The delay information can also be stored in
the memory or data storage 60 if it remains substantially
constant and can be updated as required (depending e.g. on
the patient’s heart rate) from the signal processor 18.

C) the boost controller 58, having a clock (not shown), which
controls the signal generator and the H-Bridge controller
64 in such a way, that they can deliver the wanted signal
with the stored parameters at the correct delay time.
Thus, the receiver RX 27 receives from the transmitter 26

of the signal processor 18 addressed (coded) wireless infor-

mation:

a correct delay for each heartbeat,

parameters whenever they have been changed, and

sleep and wake up information in order to put the signal

generator to sleep when not required in order to save
battery power

The stimulation signal generator 24 preferably includes a
transmitter TX (which may be the transmitter 28 or could be
a separate transmitter) can provide feedback information to
the signal processor (e.g. via the receiver 30) such as:

information on whether the stimulation signal generator is

asleep or awake (ready to receive parameters)
confirmation that a parameter change has been received
and stored

information on the remaining battery capacity etc.

Each power circuit unit (stimulation signal generator 24)
has its own wireless communication means (antenna), com-
mon or separate for RX and TX (e.g. 27, 28), depending on the
means of wireless communication.

Turning now to FIGS. 14A and 14B there can be seen a pair
of active and passive electrodes 14, 16 which are provided
with terminals 70, 72 onto which a respective stimulation
signal generator 24 is clipped so that it has electrical contact
to the two terminals 70, 72. The stimulation signal generator
24 can, for example, be designed as shown in FIG. 10 and can
have its own antenna 74 which can be simply a receiver
antenna 27 as shown in FIG. 10, or an antenna for a combined
receiver/transmitter 27, 28 which is also indicated in FIG. 10.

Turning now to FIG. 15 there can be seen four pairs of
active and passive electrodes 14', 16'; 14", 16"; 14'™, 16"
14", 16""", each provided with a respective stimulation sig-
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nal generator 24', 24"; 24™, 24"". Instead of providing each
stimulation signal generator 24 with its own antenna 74,
which can be a receiver antenna or a transceiver antenna, each
of the stimulation signal generators could be connected to a
transceiver 76 illustrated here in the form of a mobile phone,
and indeed via leads 78', 78", 78", 78"". Equally, if a mobile
phone is used in this way it can be connected to the ECG
electrodes 21', 21", 21" or to any other suitable sensing sys-
tem. Again, the connection in this case is by way of leads 80/,
80", 80™. Because the leads 78', 78", 78", 78"" and 80', 80"
and 80™ are optional they are shown in broken lines. Since
very light leads can be used they do not pose a significant
inconvenience for the patient

FIGS. 16A and 16B now illustrate how the pairs of active
and passive electrodes are energized. It is noted that FIG. 16B
refers to channels 1, 2, 3 and 4 which are the channels which
are associated with the four electrode pairs 14',16'; 14", 16";
14™,16™; 14", 16" and the associated stimulation signal
generators 24", 24"; 24™ in FIG. 15.

The channels 5, 6, 7 and 8, which are an optional extra,
could be associated with four further pairs of active/passive
electrodes with associated stimulation signal generators (not
shown). As described in WO 2005/044373, such systems can
be used to improve blood transport to different areas of the
body or to improve lymph transport from various areas of the
body. In order to achieve such transport it is necessary for the
electrical stimulation signals in the group of channels 5 to 8 to
be offset from those in the channels 1 to 4. This will not be
explained further here because the concept is described and
claimed in detail in the above referenced PCT application.

The schematic representation of an ECG trace at the top of
FIG. 16B shows four R-R peaks corresponding to four heart-
beats and it can be seen that a first electrical stimulation signal
D' (corresponding to D in FIG. 11A) is applied to the first
electrode pair 14', 16' via channel 1 during a first heartbeat. A
second train of electrical stimulation pulses D" is then applied
during a second subsequent heartbeat via the channel 2 to the
pair of electrodes 14", 16". During the third heartbeat a fur-
ther train of electrical stimulation pulses D™ is applied via
channel 3 to the third pair of electrodes 14™, 16" and during
a fourth heartbeat a further train of electrical stimulation
pulses D"" is applied via the channel 4 to the fourth pair of
electrodes 14"", 16™". During a fifth heartbeat (not shown) a
further train of electrical stimulation pulses corresponding to
D' is again applied via channel 1 to the first pair of electrodes
14', 16' and so on.

FIG. 16A again illustrates the offset between the two chan-
nel groups channels 1 to 4 and channels 5 to 8, and it can be
seen that the stimulation signal applied to muscle group 1, for
example the muscle group with which the electrode pair 14/,
16' cooperates, has a duration which is considerably shorter
than the muscle contraction which it generates.

In FIG. 11A and in FIGS. 16A and 16B there is shown a
relatively straightforward method of muscle stimulation
involving five individual biphasic pulses D. These five indi-
vidual biphasic pulses are illustrated again in FIG. 17A,
together with possible values for the amplitude of the biphasic
pulses in volts and durations shown in milliseconds.

Ttis, however, possible to use additional stimulating pulses
after the initial group of stimulating pulses D in order to
prolong the muscle contraction but minimizing the electrical
input into the patient which is beneficial both for the patient
and for the lifetime of the batteries involved in the stimulation
signal generators.

In the scheme shown in FIG. 17B the first group of pulses
D is followed by individual pulses E, F which, in this
example, are single biphasic pulses identical to the individual
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biphasic pulses of the group D, but with a greater pulse
interval between the pulses. In practice there can be many
more individual pulses such as E and F. Also there are a large
number of different variants of such stintulation schemes and
these are explained in detail in WO 2005/044374. They will
not be discussed here in detail.

FIG. 18 A shows a further apparatus. In the present example
the signal processor 18 has a configuration input 20. The
signal processor 18 is configured to produce control signal
information relating to stimulation signals to be applied to
said at least one active electrode 16 in the counterpulsation
mode. The signal processor is configured as a device with
wireless transmitter and receiver capabilities to wirelessly
transmit and/or receive at least one of control signal informa-
tion, sensing information and signal configuration informa-
tion.

FIG. 18B shows a further apparatus. In this case the signal
processor 18 is included in a device such as a mobile phone,
a personal digital assistant with phone function, or any stan-
dard piece of equipment having a transceiver, a microproces-
sor,amemory for storing software and data, abattery, or other
source of power and a clock. The software stored in the device
is relevant to the operation of the signal processor 18 and the
device further includes data relating to the patient’s heart
rhythm and the performance of the heart and data relating to
the stimulation applied or to be applied is stored in the device.
The device is capable of wireless transmission and reception
and receives wireless data from the sensing system 22 and
transmits wireless data to the active electrode 16 for the
purpose of therapy.

What is claimed is:

1. An apparatus for cardio-synchronised stimulation of
skeletal or smooth muscle, but excluding heart muscles, in a
counterpulsation mode of a patient having a cardiovascular
system and a heart having a heart rate, the apparatus compris-
ing:

at least one active electrode and at least one passive elec-

trode configured for attachment to said patient at posi-
tions at which the electrodes are in communication with
said skeletal or smooth muscle when said skeletal or
smooth muscle is in its original, natural position within
the patient;

asignal processor having a configuration input and config-

ured to produce control signal information relating to

stimulation signals to be applied to said at least one
active electrode in the counterpulsation mode;

a sensing system configured to sense information relat-
ing to performance of the patient’s heart, the informa-
tion comprising at least the heart rate, and to transmit
information signals relating to the information to said
signal processor;

a medical evaluation unit configured to transmit signal
configuration information to the configuration input
and said signal processor being adapted to take
account of said signal configuration information
when generating said control signal information,

wherein the connection between the configuration input
and the signal processor, and/or the connection
between the configuration input and the medical
evaluation unit can be realized by any device with
wireless transmitter and/or receiver capabilities.

2. The apparatus in accordance with claim 1, wherein the
device is selected from the group of devices comprising a
mobile phone, a personal digital assistant with phone func-
tion, and any standard piece of equipment having a trans-
ceiver, a microprocessor, a memory for storing software and
data, a battery, or other source of power and a clock; and
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wherein software relevant to the operation of the signal pro-
cessor and data relating to the patient’s heart rhythm and the
performance of the heart and data relating to the stimulation
applied or to be applied is stored in the device.

3. The apparatus in accordance with claim 1, wherein said
information relating to the performance of the heart is
selected from the group consisting of heart rate information,
electrocardiogram (ECG) information, ECG derived infor-
mation, ECG information and information resulting from
electrical stimulation, ECG derived trigger signals, R-R
information, end of T-wave information, blood pressure
information, and blood pressure derived information.

4. The apparatus in accordance with claim 1, wherein said
sensing system comprises at least one of an invasive sensor,
an intercavity sensor, a non-invasive sensor, a body surface
sensor, and a remote sensing system detached from the
patient’s body.

5. The apparatus in accordance with claim 3, further com-
prising a remote sensing system, wherein said signal proces-
sor is integrated into said remote sensing system.

6. The apparatus in accordance with claim 1, said signal
processor being adapted to transmit said information to the
medical evaluation unit by one of wireless transmission and a
wired connection.

7. The apparatus in accordance with claim 1, said medical
evaluation unit being adapted to transmit signal configuration
information to said signal processor by one of wireless trans-
mission and a wired connection and said signal processor
being adapted to take account of said signal configuration
information when generating said control signal information.

8. The apparatus in accordance with claim 1, wherein the at
least one of active electrode comprises a plurality of active
electrodes and said at least one stimulation signal generator
comprises a respective stimulation signal generator for each
active electrode, said signal processor being configured to
transmit a respective control signal uniquely associated with
a respective one of said active electrodes to each said stimu-
lation signal generator.

9. The apparatus in accordance with claim 1, wherein said
signal processor is configured to transmit control signal infor-
mation for a train of stimulation signals applied to one of the
active electrodes, said control signal information being
selected from the group consisting of:

amplitude of the stimulation signals,

frequency of the stimulation signals,

duration of the train of the stimulation signals,

width of the individual stimulation signals of the train

delay of the train of the stimulation signals relative to a

reference selected for counterpulsation stimulation, and

a recognition code by which said stimulation signal gen-

erator recognizes that said control signal information is
intended for it.

10. The apparatus in accordance with claim 9, further com-
prising a means provided at said signal processor for receiv-
ing and storing at least one of a program for processing said
control signal information, any subsequent changes to said
program, and a new program for processing said control
signal information.

11. The apparatus in accordance with claim 1, wherein the
or each said stimulation signal generator includes at least
some of the following items:

its own controller,

its own clock,

its own receiver antenna (RX),

a power circuit,

a battery,

a transmitter (RX),
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means for data storage,

means for program storage and

a signal generator trigger.

12. The apparatus in accordance with claim 1, wherein a
display is provided at atleast one of said signal processor, said
configuration input associated with the signal processor, said
stimulation signal generator and a medical evaluation unit
associated with said apparatus, said display being for the
display of at least said control signal information.

13. The apparatus in accordance with claim 12, wherein
said display is adapted to display data representing an image
of the electrical stimulation applied to said patient.

14. The apparatus in accordance with claim 13, wherein
said display is adapted to display one of an actual ECG-trace
and a representation of an ECG-trace with said image supet-
imposed thereon.

15. The apparatus in accordance with claim 1, wherein said
medical evaluation unit has an associated printer for printing
said data.

16. The apparatus in accordance with claim 1, wherein a
code is uniquely associated with said sensing system, said
signal processor, and said electrical stimulation signal gen-
erator.

17. The apparatus in accordance with claim 1, wherein said
stimulation signal generator comprises a member of the
group consisting of a mobile phone, a personal digital assis-
tant with phone function, and any dedicated or standard piece
of equipment comprising a transceiver, a microprocessor, a
memory for storing software and data, a battery or other
source of power, a clock, and necessary interface(s) for con-
nection to the active and passive electrodes.

18. The apparatus in accordance with claim 1, wherein said
signal processor comprises a member of the group consisting
of a mobile phone, a personal digital assistant with phone
function, and any dedicated or standard piece of equipment
comprising a transceiver, a microprocessor, a memory for
storing software and data, a battery or other source of power,
and a clock.

19. The apparatus in accordance with claim 5, wherein said
medical evaluation unit comprises a member of the group
consisting of is one of a personal computer, a mainframe
computer, a series of interlinked computers, any of the fore-
going with an inbuilt transceiver, a personal digital assistant
with phone function, and any dedicated or standard piece of
equipment comprising a transceiver, a microprocessor, a
memory for storing software and data, a battery or other
source of power, and a clock.

20. An apparatus for cardio-synchronised stimulation of
skeletal or smooth muscle, but excluding heart muscles, in a
counterpulsation mode of a patient having a cardiovascular
system and a heart having a heart rate, the apparatus compris-
ing:

at least one active electrode and at least one passive elec-
trode configured for attachment to said patient at posi-
tions at which the electrodes are in communication with
said skeletal or smooth muscle when said skeletal or
smooth muscle is in its original, natural position within
the patient;

a sensing system configured to sense sensing information
relating to performance of the patient’s heart, the sens-
ing information comprising at least the heart rate, and to
transmit information signals comprising the sensing
information to a signal processor; the signal processor
having a configuration input and configured to produce
control signal information relating to stimulation signals
to be applied to said at least one active electrode in the
counterpulsation mode;
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wherein the signal processor is configured as a device with
wireless transmitter and receiver capabilities to wire-
lessly transmit at least one of the control signal informa-
tion and the sensing information and/or to wirelessly
receive the sensing information. 5
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