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(57) Abstract

A pacemaker with a device (1) that varies the frequency emitted by a clock circuit (2) exploiting a function which si-
mulates natural circadian variation in hearbeat as far as possible, and thus takes account of the body’s biorhythmic behav-
iour. The function may take the form of a sine wave covering a 24-hour period, phased such as to exhibit maximum ampli-
tude between 14.00 and 16.00 hours, and minimum amplitude between 02.00 and 04.00 hours.
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A pacemaker featuring a_paraphysiological, circadian

operating characteristic.

The invention described relates to a pacemaker in
which paraphysiological operation is produced by
viréue of thg circadian design principle adopted.
Extensive observation at experimental énd clinical
level has by now established the existence of a cir-
cadian regularity in the heart's natural pacemaking
system, traceable to the sinoatrial node.

More recently, observation has also confirmed that a
circadian rhythm persists in heartbeat even in the
event of total atrioventricular'stoppage. Circadian
rhythm is also manifest in variations of the normai
atrioventricular sequence.

Even in transplant situations, the heart of a donor
will retain circadian rhythm in its beat notwith-
standing the absence of sympathetic connections.

The regular, natural.pacemaking'characteristic of
the heart can hndergo circadian variation resulting
from disturbances suéh as a concentration of hydro-
cortisone and catecholamine, electrolytic changes,
and above all, direct influence from the nervous
system.

Whatever the age bracket into which a giveﬁ subject
may fall, dynamic ECG (Holter) will show a circadian

variation in rhythm of the heartbeat, regardless of

9
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whether the subject suffers from a heart condition

-or is 100% fit.

From the trends observed in monitoring heartbeat, it
can be ded;ced, on average, that minimum levels are
registefed between 02.00 and 06.00 hours, whereas
maximum levels occur between 14.00 and 16.00 hours.
Dynamic ECG recordings are such that a curve may be
plotted to represent heartbeat in the form of a sine
wave coveriné the 24-hour circadian period.

It would not appear, from data furnished by literat-
ure currently available, that variation in heartbeat
bears any relation either to age, in subjects of be-
tween 16 and 65 years of age, or to sex. Available
data would seem to suggest, however, that the female
sex registers a generally higher average heartbeat
rate than does the male sex.

In the light of the chronobiological modulation thus
produced in conjunction with alternating sleep and
wakefulness, and with vital bodily functions, the
object of the invention described herein is that of
embodying a pacemaker that will permit of producing
a-circadian rﬂythﬁ'in heartbeat exogenously, and of
ensuring that the circadian variation produced is
commensurate with the overall pattern of endogenous
biorhythmic factors nofmaily influencing heartbeat,
physical exercise excluded.

There are several models of pacemaker commercially
available, in effect, thﬁt are not synchronized with
spontaneous physiological atrial activity, such act-

ivity being either non-existent, or unreliable. -
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At all events, conventional pacemakers are designed
to generate a minimum number of beats per minute,
beneath which thg rate must not drop. °

Minimum bpﬁ is fixed in VVI types, and is program-
mable at preset levels in externally controlled VVIM
types. In DVI, VDD and DDD types, the disappearance
or significant weakening of the atrial signal is
compensated by emission of a fixed, preset bpm by
the pulse generator; in this instance, however, bpm
neither follows nor takes account of bioryhthm. The
same disadvantage occurs with thoée types of pace-
maker which vary heartbeat aécording to biological
or metabolic parameters such as pH value, temperat-
ure and breathing; heartbeat is varied only when the
individual expends physical or mental effort, whilst
minimum bpm remains a fixed quantity that does not
adapt to chronobiological requirements.

Recent work in the field shows that a fixed minimum
(conventionally 60...70bpm) can constitute a hazard
to the individual, especially during the night when
reduced biological activity wouldrdictate a lower
heartbeat rate; this is particularly the case in
patients suffering from disease of the sinoatrial
node.

The invention as described and claimed herein over-
comes the drawbacks aforementioned, setting forth a
pacemaker which not only is sensitive to triggered
physiological change, such as would be produced by
physical effort, but also responds to biorhythmic

variation in the state of the individual.
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One of the advantages obtained with a pacemaker ac-
cording to the invention consists in the fact that
it can be embodied simply by connection of a sine
wave pulse generator to the input of the clock of a
conventional pacemaker; the signal produced by such
a device, covering a 24 hour period and variable in
amplitude, will thus be integrated with that of the
clock generator.

The invention will now be described in detail by way
of example, with the aid of the accompanying sheets
of graphs and diagrams,.in which:

fig 1 shows the natural curve traced by chronobio-
logically induced circadian variation in heartbeat;
fig 2 shows the stimulus curve, produced by a pace-
maker according to the invention, relating solely to
chronobiologically induced circadian variation in
heartbeat;

fig 3 is the block diagram illustrating a pacemaker
according to the invention;

fig 4 is a detailed block diagram of the block de-
noted 1 in fig 3;

fig 5 is the block diagram of a programmable pace-
méker according to the invention.

The pacemaker disclosed is suitéble forrall current
methods of producing cardiac stimulus, and is defin-
able as paraphysiological, inasmuch as it takes ac-
couﬁt of circadian rhythm in an individual's heart-
beat.

Acéording to the invention, embodiment of a circuit

that will reproduce the periddic, circadian type of

a,
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variation encountered in heartbeat, is ma&e possible
by virtue of the fact that such variat%on'éan be
considered as a sine wave (fig 1).
Fig 3 is a basic block diagram of the pacemaker as
05 describéd herein, which implements one of the s%mpl-
est of cardiac stimulus methods, namely VVI and AAI,
that is, ventricular or auricular 'on demand'. The
paceﬁaker stimulates the ventricle (or the auricle),
and is inhibited whenever the muscular depolarizat-
10 ion signal, amplified by the block denoted 5, rises
above the preset bpm dictated by a clock generator 2
and divider 3.
In a circadian pacemaker according to the invention,
use is made of a VCO (voltage controlled oscillator)
15 the clock frequency of which can be varied by appli-
cation of a voltage. In pacemakers of sophisticated
design, therefore, the input stage of the clock 2
may be in receipt of a signal representing variation
in biological or metabolic parameters (pH value, or
20 breathing &c.) from the block denoted 11. The sine
wave signal, with its period of 24 hours, will thus
vary the beats'per minute between preset maximum and
minimum levels, which are dictated by the sine wave
generated by block 1 and the clock frequency emitted
25 by block 2. Phase of the sine wave is adjusted such
as to respond to the normal chronological conditions
illustrated in the graph of fig 1.
An example of the method of producing a signal with
periodic time of 24‘hours is given in fig 4, which

30 illustrates a digital generator.
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The circuit of fig 4 utilizes digital filter techno-
logy, and produces a frequency FO that is- tied to
the clock frequency 6 by the formula: zF = Rn Fo),
where F is the clock frequency 6 and n is the number
of divider stages 7 utilized in the counter 18.

N

¢ e 8 R

The network of resistances denoted R_, R_,
: 1 2 n-1

is calculated utilizing the formula:

R ~sen kn/n
n =

Data given by way of example relates to a counter 18
(see fig 4) incorporating ten divider stages; clock
frequency would be F = 20 FO with FO = 1/86400Hz.
The clock frequency may be produced by a quartz type
generator giving a period of 4.12msec, and utilizing
a 20-stage binary divider.

Resistances Rn would be geared to Rl' and calculated
as follows:

R
2

. ; R, = 2.618R_; R, = 3.07R_; R_ = 3.2 ;
1 QRl 3 3 1 5 3Rl

R

I
o

6 4’ 7 3" "8 T T2t Tg T M1

The curve of the resulting sine wave will not appear
continuous, but as a series of steps (fig 2) corres-
ponding to the number of divider stages incorporated
into the system; thus, the greater the value of n,

the smaller the steps will become,

The curve illustrated reflects the example described
above, where for each 24h/2n interval oﬁe produces a
variation in bpm of (Fmax - Fmin)/n’ plus or minusr

according to phase.
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With a periodic amplitude variation range of 20bpm
and using ten stages, a variation of 2 beats every
72 minutes will be produced.

The option exists of employing an active integrating

05 amplifier 10 to smooth out the steps and obtain more
gradual variation. However, adopting a counter 18 in
which 'n' is much higher, say, 30 stages, the steps
would become so shallow that an individual would re-
main unaware 5f the variation in heartbeat between

10 one step and the next.

Still referring to fig 4, the block denoted 9 ampli-
fies and adjusts the sine wave of fig 2 in order to

vary amplitude commensurately with the physiological
characteristics of the individual.

15 It will be noted that the circuit in question can-be
integrated without difficulty adopting CMOS techno-
logy, by virtue of its digital operation.

Whilst the sine wave illustrated in fig 2 provides a
sufficiently accurate approximation of the circadian

20 rhythm in heartbeat, the effective curve can be ap-
proached yet further by varying the value of the re-
sistances Rn' thch may be achieved by calculation,
where a mathematical equation representing the curve
is made available, or by experimenting with the re-

25 sistance settings on a trial-and-error basis.

The device thus embodied permits of engineering cir-
cadian rhythm exogenously adopting paraphysiological
criteria simulative of natural bio-rhythm, and may

be fitted to any type of pacemaker to the end of en-

30 suring that an acceptable bpm is generated.
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Fig 5 illustrafes a development of fig 3, in which
one has the standard programming options for cardiac
stimulus parameters as already featureé in program-
mable pacemékers: mean bpm is varied by the block
denoted 14, and pulse width by the block denoted 153
amplitude of the signalrfed into the circuit 20 pro-
ducing the output pulses is varied by the block de-
noted 16; a block denoted 17 alters the sensitivity
threshold. In addition, one has integration of the
parameters which take account of circadian rhythm by
incorporatidn of a device as in fig 4, signifying
programming facilities governing start of the sine
wave phase, via block 12, mean bpm (Fmax - Fmin)/z,

via block 14, and the maximum permissible variation

(F - F . ), via block 13.
m m

ax in

The implanted pacemaker can be programmed utilizing

any of the methods currently employed; moreover, the
identification code can remain the same as those al-
ready in use.

Bpm can be programmed by way of the pacemaker's VCO,
and maximum permissible variation between F and

max
F . set by adjusting amplitude of the sine wave

min

signal applied to the VCO trigger. 7

Phase can be adjusted at the moment of implanting a
pacemaker according to the invention, for instance,
by accelerating the clock frequency 6 (fig 4) until

coincident with the value dictated by the sine wave

at that particular instant.
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Claims

A pacemaker, characterized in that it comprises a
device (1) designed to vary the clock frequecy of
the pacémaking signal according to a function simul-

ative of the natural circadian rhythm in heartbeat.

A pacemaker, comprising a clock pulse generator and
characterizea in that it comprises a device (1) de-
signed to supply a signal to the input of the clock
circuit (2) that is variable accofding to a function
simulative of the natural circadian rhythm in heart-

beat.

A pacemaker as in claim 2, wherein the clock circuit
(2) is a voltage controlled oscillator, and a volt-
age signal supplied by the device (1) is integrated

with the signal produced by the clock circuit (2).

A pacemaker as in claim 3, wherein the output signal

produced by the device (1) varies by distinct steps.

A pacemaker as in claim 4, wherein the device (1) is
embodied as a digital pulse generator comprising a
clock circuit (6), a signal divider (18) the stages
(7) of which correspond in number to the steps that
separate any two consecutive peaks of the output
signal, and an amplifier (9) designed to permit of
varying amplitude of ;he output signal generated by
the device (1). 7
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‘A pacemaker as in claim 5, wherein the device (1)

further comprises an integrating amplifier (10) the
purpose of which is to attenuate the d;scontinuous
effect of stepped variation in the output signal pro-
duced by the device (1), thereby investing it with

sinusoidal waveform.

A pfogrammable pacemaker as in claim 3, wherein the
output signal produced by the device (1) is program-
mable at the outset in respect both of the mean bpm

generated and of its permissible variation.

%
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