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Demand pacer having reduced recovery time

Technical Field

This invention relates to implantable body
function control apparatus and particularly
cardiac pacemakers.

Background Art

Pacemakers for generating artificial stimu-
lating pulses for the heart, and which may or
may not be implanted in the body, are well-
known. Pacemakers can be classified into
demand and non-demand types. A demand
pacemaker only issues an artificial puilse if the
heart does not produce its own satisfactory
natural beat, whereas a non-demand pace-
makers issues artificial stimulating pulses with-
out regard to the presence or absence of a
natural beat.

A demand pacemaker normally includes an
input amplifier for receiving and amplifying elec-
trical signals from the heart (which signals
might result from either a natural beat or an arti-
ficial pulse which has just been generated by
the pacemaker), a pacemaker control circuitry
which receives the amplified signals and which
causes a new artificial stimulating pulse to be
generated (for transmission to the heart) only if
the amplified signals, or lack thereof, show that
an artificial stimulating pulse is required by the
heart (i.e. on demand), and an output amplifier
which receives and amplifies the artificial pulses
generated by the control circuitry, for passage
to the heart.

Many types of pacemaker control circuitry as
described above are available. Some function
on an analog basis to produce the accurately-
timed artificial stimulating pulses, whereas
several recent designs employ digital circuitry.

Of necessity, the input amplifier requires a
high sensitivity and it has been found difficult to
design an adequate amplifier that does not
saturate for too long a period when an artificial
pulse is transmitted to the heart by the output
amplifier (this pulse being detected by the input
amplifier). However, this need not be a problem
provided the saturation period can be kept suffi-
ciently short so that the input amplifier recovers
in time to detect the presence or absence of the
next expected natural beat.

The load which is driven by the output ampli-
fier (the electrodes and the heart tissue itself)
has capacitive properties and these, coupled
with the capacitive components normally
present in the output amplifier, can act to
extend the length of any artificial pulse trans-
mitted to the heart. Even if a sharp artificial
pulse is generated by the pacemaker control cir-
cuitry, the capacitive effects at the output cause
the trailing edge of the pulse to be extended so
as to give a somewhat exponential decay back
to zero. This extension of the output pulse is
reflected at the input amplifier by increasing the
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length of time for which the latter remains
saturated.

Disclosure of Invention

The present invention is concerned with alle-
viating this problem, so as to avoid these
capacitive effects from increasing the satura-
tion period of the input amplifier unnecessarily.
This is accomplished, in this invention, by
arranging for electrical energy to be fed into the
pacemaker circuitry, at an appropriate moment
after an artificial stimulating pulse is generated,
in opposition to the energy stored by the capaci-
tive components responsible for the extension
of the artificial pulse. This has the effect of
shorting these capacitive components, thus pro-
viding a much sharper falling edge for the out-
put pulse and hence reducing the period of time
spent by the input amplifier in saturation.

The capacitive effects are cancelled by in-
cluding an additional transistor in the output
amplifier which is turned on at a predetermined
time after an artificial stimulating pulse has
been generated, which transistor then feeds
current into the output circuit in opposition to
the slowly decaying output pulse, thus return-
ing the latter to zero at a faster rate. German
specification 2520729A describes a method for
shortening the decay time of pulses applied to
the heart although the technique employed
differs from that used in the present invention.

Preferably, the pacemaker control circuitry
includes a pulse generator for providing an arti-
ficial stimulating pulse, and means for resetting
the pulse generator controlled either by an arti-
ficial pulse just generated or by a signal repre-
sentative of a natural heart beat, so that the
next artificial pulse is generated in timed rela-
tionship with the previous artificial pulse and
only on demand. With such circuitry, the addi-
tional transistor in the output amplifier can be
arranged to be controlled by the reset provided
to the pulse generator. In such a circumstance
the reset determines the pulse width of the
artificial pulse and by causing the additional
transistor to compensate for the capacitive
effects once the reset is applied, the sharp trail-
ing edge of the artificial pulse is substantially
maintained. A slow decay after the reset is
applied is thus avoided, as therefore is an ex-
tension of the input amplifier saturation time.

Brief Description of Drawings

Preferred features of the invention will now
be described with reference to the accompany-
ing drawings in which:

Figure 1 illustrates schematically the elec-
trical circuitry for a demand cardiac pacemaker,
and

Figure 2 represents a timing diagram for use
with Figure 1.
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Best Mode of Carrying Out The Invention

Referring to the drawings, parts of the pace-
maker are shown in three sections within
separate dotted lines. The input amplifier is
represented by section 1, the pacemaker control
circuitry which generates artificial stimulating
pulses on demand is represented by section 2,
and the output amplifier is represented by
section 3. The pacemaker load, i.e. the
electrodes and the body tissue therebetween, is
illustrated by a resistive/capacitive combination
within a further section, section 4.,

Many input amplifier, pacemaker control cir-
cuitry, and output amplifier combinations can be
selected for use with the invention and there-
fore, to a large extent, many of the components
of the illustrated pacemaker are shown func-
tionally in block form. The particular selection of
components for each block will be apparent to
those skilled in the art.

Sections 1, 2, and 3 can be considered as
representing a basic demand pacemaker.
Oscillator 5 free runs and the particular arti-
ficial stimulating pulse rate appropriate to the
patient is selected by counter 6 (the Qx output
stage) for transmission to the output amplifier of
section 3. If a natural heart beat is detected by
the input amplifier of section 1, a reset circuit 7
for counter 6 {consisting of an OR gate followed
by a delay D) is activated so that the artificial
pulse count is not reached and no artificial pulse
is generated. if no such natural beat is detected,
the artificial pulse count is reached, and an arti-
ficial pulse is transmitted to the heart {section 4)
by means of the output amplifier {section 3). In
such a circumstance, the pulse width is deter-
mined by the delay D generated in the reset
circuit 7 — the counter 6 being reset at the
termination of this delay.

Although the output pulse generated by
counter 6 has a fast rise and fall {{a) in
Figure 2), the capacitive effects in sections 3
and 4, particularly of capacitors 8 and 9, retard

the fast fall of the artificial stimulating pulse at’

the heart ({(b) in Figure 2) and this, as ex-
plained above, increases the time spent by the
input amplifier in saturation.

To compensate for these capacitive effects,
the pacemaker circuitry additionally includes a
D flip-flop 10 which receives, at its clock input
via an inverter 11, the reset pulse for counter 6.
The reset input for flip-flop 10 is supplied by the
counter 6 output, its D input is tied to the posi-
tive supply rail and its Q output clocks a second
D flip-flop 12. Flip-flop 12 is reset by a system
clock (derived from an appropriate stage Qy of
counter 6) and has its D input tied to the posi-
tive supply rail. The Q output of flip-flop 12
controls the gate of a field effect transistor 13.
The transistor 13 drain and source terminals are
connected respectively to the positive supply
rail, and via a resistor 14, to the output ampli-
fier, adjacent output capacitor 8.

The operation of the input amplifier
saturation-reducing circuit components will
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now be described.

When an artificial stimulating pulse is
generated by counter 6 (see (a) in Figure 2),
this is not only transmitted to the output ampli-
fier but it also resets flip-flop 10, whose Q out-
put thus drops to low {see (d) in Figure 2). After
a delay generated by reset 7 which is appro-
priate to the artificial stimulating pulse width
desired (see (c) in Figure 2), counter 6 is reset
and, at the termination of the reset pulse, flip-
flop 10 is clocked via inverter 11. Ciocking of
flip-flop 10 causes its Q output to revert high
and this clocks flip-flop 12. Clocking of flip-flop
12 causes its Q output to drop low (see (e} in
Figure 2) and this causes transistor 13 to
conduct.

Current is then fed into the output amplifier
by transistor 13 in a direction which increases
the current flowing as a resuit of the slow decay
of the capacitive components, and this acts to
speed the decay, providing a faster return to the
steady state condition, reducing the saturation
time of the input ampilifier.

Current continues to be fed by transistor 13
until flip-flop 12 is reset by an appropriately
timed system clock pulse derived from counter
6 at a second count later than the first count.
This reset causes the Q output of flip-flop 12 to
revert high, thus switching transistor 13 off.

It will be observed from the above descrip-
tion that there is a delay between transistor 13
conducting and the end of the generated artifi-
cial pulse (“t” in (f}, Figure 2). This is to prevent
a short circuit appearing across the voltage
supply line at the output in the event of the
counter 6 generating an output pulse simul-
taneously with transistor 13 conducting.

Claims

1. Demand-type cardiac  stimulating
apparatus comprising:

(a) electrode means for coupling stimulating
pulses to the heart;

(b) an output amplifier stage (3) for
generating stimulating pulses for the heart, said
output stage having an output capacitor (8)
connected to said electrode means, said output
stage having an output impedance which
provides a recovery interval established, after
each stimulating pulse generation, in substan-
tial part by the accumulation and subsequent
dissipation of charge on said output capacitor (8);

{c) input amplifier means (1), responsive to
signals from said output stage (3) and to
naturally occurring heart beat signals, for
producing a control signal relative to the
generation of a next subsequent stimulating
pulse; and

(d) logic means (2), responsive to said con-
trol signal, for selectively energizing said output
amplifier (3) to generate a stimulating pulse
based on predetermined demand pacing
criteria;

said apparatus being characterised by means
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for shortening said recovery interval including

(i) first bistable means {10), conditioned to a
first enabling output state by said logic means
{2) at a first predetermined time after each said
selective energizing;

(ii} second bistable means (12), clocked to a
second enabling output state by said enabling
state of said first bistable means (10), said
enabling output state of said second bistable
means (12) being terminated by said logic
means (27) after a second predetermined time,
said second duration defining a reduced
recovery interval of said output stage; and

(i} transistor means (13), responsive to said
second bistable means (12) and energized
during said second time, for dissipating charge
on said output capacitor (3), and thereby
establishing a shortened recovery interval for
said output stage (3).

2. Apparatus according to claim 1 wherein
said logic means (2} comprises an oscillator {5),
counter means (6) for counting pulses from said
oscillator (5), and delay means (7), energized by
said control signal or by a first predetermined
count (Qx) at said counter (6), for producing an
output pulse a predetermined delay time after
being energized, wherein said first bistable
means (10) is reset by said first predetermined
count {Qx) of said counter (6), and is clocked to
its said first enabling output state by said out-
put pulse from said delay means (7), and
wherein said second bistable means (12} is
reset by a second predetermined count (Qy),
later than said first count (Qx), at said counter
means (6).

3. Apparatus according to claim 2 wherein
said counter means (6) is reset by each output
pulse from said delay means (7).

4. Apparatus according to claim 3 wherein
said bistable means (10, 12) each are D-type
flip-flops, having their respective D-inputs con-
nected to a positive voltage supply, said output
of said first flip-flop (10) being its Q output, and
said output of said second flip-flop (12) being its
Q output.

Patentanspriiche

1. Vorrichtung fiir die Herzstimulation vom
Demand-Typ mit .

a) Elektrodenmitteln zum Ubermittein von
Stimulationsimpulsen zum Herzen;

b) einer Ausgangsverstérkerstufe (3} zum Er-
zeugen der Stimulationsimpulse fiir das Herz,
wobei die Ausgangsstufe einen Ausgangskon-
densator aufweist, der mit den Elektroden-
mitteln verbunden ist, und die Ausgangsstufe
eine Ausgangsimpedanz aufweist, welche ein
Erholungsintervall vorsieht, das nach jeder Er-
zeugung eines Stimulationsimpulses, im
wesentlichen durch die Ansammiung und die
anschlieBende Verzehrung der Ladung des
genannten Ausgangskondensators (8), hervor-
gerufen wird;

c) Eingangsverstdrkermitteln (1), welche auf
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Signale der Ausgangsstufe (3) und natirlich
auftretende Herzimpulssignale hin ein Steuer-
signal mit Bezug auf die Erzeugung des néchst-
folgenden Stimulationsimpulses hervorrufen;
und

d) logischen Mittein (2}, welche auf das
Steuersignal ansprechen, um selektiv den Aus-
gangsverstarker (3) zur Erzeugung von Stimu-
lationsimpulsen aufgrund der Bedarfsschriti-
macherkriterien zu aktivieren;

dadurch gekennzeichnet, dal® die Mittel Ver-
kiirzung des Erholungsintervalls umfassen:

(i) erste bistabile Mittel {10), welche durch
die logischen Mittel (2} zu einer ersten vor-
bestimmten Zeit nach jeder selektiven Akti-
vierung in einen ersten aktivierten Ausgangs-
zustand gesetzt werden;

(i) zweite bistabile Mittel (12), welche in
einen zweiten aktivierenden Ausgangszustand
durch den Aktivierungszustand der ersten bi-
stabilen Mittel (10) getaktet werden, wobei der
aktivierende Ausgangszustand der zweiten bi-
stabilen Mittel (12) durch die logischen Mittel
{2) nach einer zweiten vorgegebenen Zeit be-
endet wird und die zweite Zeitdauer ein ver-
kirztes Erholungsintervall der Ausgangsstufe
festlegt, und

(iii) Transistormittel (13), weiche auf die
zweiten bistabilen Mittel (12) ansprechen und
wiéhrend der zweiten Zeit aktiviert werden, um
die Ladung des Ausgangskondensators (8) zu
verzehren und dadurch ein verkiirztes Erho-
lungsintervall fiir die Ausgangsstufe (3) fest-
zulegen.

2. Vorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, daR die logischen Mittel (2) einen
Oszillator (5), Zahimittel (6) zum Z&hien der Im-
pulse des Oszillators (5) und Verzégerungs-
mittel (7) enthalten, welche durch das Steuer-
signal oder durch den ersten vorbestimmten
Zahlerstand (Qx) bei dem Zéhler (6) aktiviert
werden, um einen Ausgangsimpuls mit einer
vorbestimmten Verzégerungszeit nach der Ak-
tivierung zu erzeugen, wobei dei ersten bi-
stabilen Mittel (10} durch den ersten vor-
bestimmten Z&hlerstand (Qx) des Zahlers (6) zu-
riickgesetzt werden und in ihren ersten
Aktivierungsausgangszustand durch den Aus-
gangsimpuls (ber die Verzogerungsmittel (7)
getaktet werden, und dall die zweiten bi-
stabilen Mittel (12) durch einen zweiten vor-
bestimmten Zahlerstand (Qy) spéter als durch
den ersten Zahlerstand (Qx) bei den Zahier-
mitteln (6) zurlickgesetzt werden.

3. Vorrichtung nach Anspruch 2, dadurch ge-
kennzeichnet, dafl die Zahlermittel (6) durch
jeden Ausgangsimpuls der Verzdgerungsmittel
(7) zuriickgesetzt werden.

4, Vorrichtung nach Anspruch 3, dadurch ge-
kennzeichnet, dafl die bistabilen Mittel (10, 12)
durch D-Flip-Flops gebildet werden, deren D-
Eingénge jeweils an eine positive Versorgungs-
spannung angeschlossen sind, wobie das Aus-
gangssignal der ersten Flip-Flops (10} das Q-
Ausgangssignal und das Ausgangssignal des
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zweiten Flip-Flops (12) das Q-Ausgangssignal
bildet.

Revendications

1. Appareil de stimulation cardiaque du type
4 la demande, comprenant des électrodes pour
coupler des impuisions de stimulation avec le
coeur, un étage d'amplificateur de sortie {3)
destiné & produire des impulsions de stimula-
tion pour le coeur, ledit étage de sortie com-
portant un condensateur de sortie (8) connecté
auxdites électrodes, |'étage de sortie ayant une
impédance de sortie qui détermine un inter-
valle de récupération établi aprés chaque
production d’'une impulsion de stimulation, en
partie substantielle par I'accumulation et la
dissipation qui suit d'une charge dudit con-
densateur de sortie (8), un amplificateur
d'entrée (1) réagissant & des signaux provenant
dudit étage de sortie (3) et a des signaux de
battement cardiaque apparaissant naturelle-
ment, en produisant un signal de commande
relatif a la production d'une impuilsion suivante
de stimulation, et un circuit logique (2} réagis-
sant audit signal de commande en excitant
sélectivement ledit amplificateur de sortie (3)
pour produire une impulsion de stimulation sur
la base d'un critére de stimulation a la demande
prédéterminé, appareil caractérisé en ce qu'il
comporte un dispositif destiné a raccourcir ledit
intervalle de récupération et comprenant un
premier dispositif bistable (10) conditionné & un
premier état de sortie d’autorisation par ledit
circuit logique (2}, @ un premier instant pré-
déterminé aprés chaque excitation sélective, un
second dispositif bistable {12} commandé par
horloge dans un second état de sortie
d’autorisation par I'état deautorisation dudit
premier dispositif bistable (10}, ledit état de
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sortie d’'autorisation dudit second dispositif bi-
stable (12) étant erminé par ledit circuit logique
(2) aprés un second instant prédéterminé, ladite
seconde durée définissant un intervalle de
récupération réduit dudit étage de sortie, et un
transistor {13) réagissant audit second dis-
positif bistable {12) et excité pendant ledit
second instant, pour dissiper la charge dudit
condensateur de sortie (8) et établir ainsi un
intervaile de récupération raccourci pour ledit
étage de sortie (3).

2. Appareil selon la revendication 1, carac-
térisé en ce que ledit circuit logique (2) com-
porte un oscillateur {5), un compteur (6) destiné
a compter des impuisions dudit oscillateur {5) et
un dispositif & retard (7) excité par ledit signal
de commande ou par un premier comptage pré-
déterminé (Qx) audit compteur (6}, de maniére a
produire une impulsion de sortie & un retard pré-
déterminé aprés excitation, ledit premier dis-
positif bistable (10) étant ramené au repos par
ledit premier comptage prédéterminé (Qx) dudit
compteur (6), et étant commandé par horloge
dans son premier état de sortie d'autorisation

-par ladite impulsion de sortie dudit dispositif &

retard (7), ledit second dispositif bistable (12)
étant ramené au repos par un second comptage
prédéterminé (Qy) aprés ledit premier comp-
tage (Qx) audit compteur {6).

3. Appareil selon la revendication 2, carac-
térisé en ce que ledit compteur {6) est ramené
au repos par chaque impulsion de sortie dudit
dispositif & retard (7).

4. Appareil selon la revendication 3, carac-
térisé en ce que lesdits dispositifs bistables (10,
12) sont chacun un circuit basculeur du type
(D), aves les entrées respectives connectées a
une source de tension positive, ladite sortie
dudit premier circuit basculeur (10) étant sa
sortie {Q) et ladite sortie dudit second circuit
basculeur {12) étant sa sortie (Q).
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