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ATRIAL ANDVENTRICULAR PACER HAVING 

INDEPENDENT RATE AND AV DELAY CONTROLS 

This invention relates to atrial and ventricular de 
mand pacers', and more particularly to such pacers in 
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5 
which the rate and AV delay controls are independent - 
.of each other; 

There are many patients who require an atrial and 
ventricular pacer, as opposed to the more usual ven 
tricular pacer. in demand pacers of the latter type, a 
detector monitors the spontaneous ventricular beating 
of the heart; if too long a time interval has elapsed since 
the last beat, a stimulating pulse is generated to trigger 
the ventricular beat. in pacers of the former type, for 
example, in that disclosed in Berkovits application Ser. 
No. 884,825 ?led on Dec. 15, 1969 and which has ma 
tured into US. PatfNo. 3,661,158, an additional cir 
cuit is provided for generating atrial stimulating pulses 
to compensate for irregular atrial activity. To maintain 
synchronism between the two pulsing circuits, every 
ventricular beat.— whether spontaneous or stimulated 
— causes the atrial timing period to re-start'together 
with the (longer) ventricular timing period. Following 
any ventricular beat, an atrial stimulating pulse is gen 
erated a short time after the next atrial beat should oc 
cur. The atrial stimulating pulse is generated even if a 
spontaneous atrial beat occurs. Thereafter, a ventricu 
lar stimulating pulse is generated, but only if a sponta 
neous ventricular beat does not'occur within a prede 
termined time interval subsequent to the previous ven 
tricular beat. ' ' , ‘ ‘ , 

As explained in the Berkovits application, if an atrial 
stimulating pulse is generated following anatrial'con 
traction, that is, during the refractory interval of the 
atria, it has no effect on the beating action of the pa 

_ tient’s heart. It is only the generation of a ventricular 
stimulating pulse during the refractory interval of the 
ventricles that can be dangerous. For this reason, the, 
detection of a‘ spontaneous ventricular beat inhibits the 
generation of the ventricular stimulating pulse which 
would otherwise soon occur. But atrial stimulating 
pulses are not inhibited. In fact, even ifv the heart beats 
perfectly,'in the conventional type atrial-and ventricu 

- lar pacer, an atrial stimulating pulse is generated during ‘ 
every heartbeat cycle. Of course, the timing of the 
atrial pulsegenerator is keyed to the ventricular beats 
so that at all times both pulsers and the natural heart 
activity remain in synchronism. . 
The Berkovits pacer is provided with two timing cir 

cuits. Typical escape intervals are 600 milliseconds for 
the atrial timing circuit and 800 milliseconds for the 
ventricular timing circuit. Each ventricular beat results 
in the resetting of both timing circuits. After 600 milli 
seconds have elapsed, an atrial stimulating pulse is gen 
erated. If a ventricular beat is not detected within the 
next 200 milliseconds, the ventricular timing circuit 
causes a ventricular stimulating pulse to be generated. 
If a spontaneous ventricular beat is detected before 800 
milliseconds have elapsed subsequent to the previous 
beat, then both timing circuits are reset; the result is 
that a ventricular stimulating pulse is not generated and 
a new cycle is initiated. The time period between the 
atrial and ventricular stimulating pulses is vknown as the 
AV delay, and in the illustrative example is 200 milli 
seconds. 
Both escape intervals are usually adjustable; thus the 

AVdelay, which is the difference between them, is sim 
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_ilarly adjustable. In the Berkovits pacer, both timing 
periods are controlled by charging capacitors. Each ca 
pacitor is discharged upon the detection of ‘a spontane 
ous ventricular beat or the generation of a ventricular 
stimulating pulse. Each capacitor then starts to charge 
toward a respective ?ring level. The atrial capacitor 
reaches the atrial ‘?ring level after 600 milliseconds 
‘have elapsed and the ventricular charging'capacitor 
reaches the ventricular charging level after 800 milli 
seconds have elapsed. Whenever one of the capacitors 
reaches its respective charging level, the respective 
stimulating pulse is generated. The two escape intervals 
are made adjustable by providing variable resistors in 
the charging paths of the two capacitors. In the case of 
implantable pacers, there are numerous ways in which 
provision may be made for a physicial to gain access to 
the potentiometers for adjusting the two escape inter 
vals. For example, the potentiometer controls maybe 
extended to the exterior of the pacer and access may 

7 be gained to them by using a conventional Keith nee 
dle. - 

For maximum cardiac output, there is an optimum 
AV delay for each patient. The optimum AV delay is 
usually a ?xed parameter for the patient. That is, even 
if the pacer rate is changed by the physicial the AV 
delay should generally remain the same. However, 
there are situations in which'the AV delay must be 
changed. It is apparent that by varying the resistances 
in the two charging circuits, both the rate and the AV, 
delay may be adjusted. For example, suppose that is is 
necessary to increase the pacer rate. This ‘can be 
achieved by decreasing the resistance in the ventricular 
charging circuit so that the ventricular escape interval 
is shortened. If the‘ AV delay is to be maintained con 
stant, the atrial charging resistance also should be de 
creased so that the atrial escape interval is similarly 
shortened; in this manner, an atrial stimulating pulse 
will still be generated the same ?xed time interval prior ' 
to the‘ generation of a ventricular stimulating pulse. 

It isusually necessary for the physician to manipulate 
both potentiometers when making an adjustment. Sup 
pose that .the initial escape intervals are 600 and 800 

' milliseconds respectively,-and that the ventricular es 
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cape interval is to be decreased by 50 milliseconds with 
no change in the AV delay. It is theoretically possible 
to gang the two‘ potentiometers to each other so that 
adjustment of the ventricular potentiometer results in 
the automatic adjustment of the atrial potentiometer. 
However, it is apparent that a reduction in the ventricu 
lar escape interval from 800,milliseconds tov v750 milli 
seconds is a change of 6.25 percent while the change 
in the atrial escape interval from 600 milliseconds to 
550'milli_seconds is a change of 8.33 percent. It is thus 
dif?cult to provide for proper tracking of the potenti 
ometers, and even when a ?xed AV delay is'desired it 
is usually necessary for the physician to adjust both po 
tentiometers when he changes the pacer rate. 
Because the two potentiometer controls are not com 

pletely independent, two problems are presented. The 
?rst is that it is dif?cult and time consuming for the 
physician to properly set both potentiometers. The sec~ 
0nd problem is even more severe. It is possible for the 
physician to mistakenly set the atrial escape interval to 
so short a time period that two and even three atrial 
stimulating pulses occur during the overall ventricular 
escape interval (heartbeat cycle). Multiple atrial stimu 
lating pulses of this type of course are ‘not desirable. 
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It is a general object of our invention to provide an 

atrial and ventricular demand pacer in. which two com 
pletely independent controls are provided for adjusting 
the pacer rate and the AV delay, and which cannot 
generate multiple atrial stimulating pulses. during a 
heartbeat cycle. With the pacer of our invention, the 
physician can adjust one potentiometer to change the 
pacer rate without affecting the AV delay, and/or he 
can adjust another potentiometer to change the AV 
delay without affecting the pacer rate. Furthermore, he 
cannot erroneously adjust the two potentiometers such 
that more than one atrial stimulating pulse is generated 
for each ventricular stimulating pulse. 

In accordance with the principles of our invention, ‘a 
first potentiometer, the basic rate control element, is in 
the atrial timing circuit, rather than in the ventricular 
timing circuit as in the prior art. Each atrial stimulating 
pulse triggers two one-shot multivibrators. The ?rst 
multivibrator in the illustrative embodiment of the in 
vention has a variable pulse period of 50-250 millisec 
onds. The second potentiometer control adjusts the pe 
riod of this multivibrator. The period of the multivibra 
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tor is equal to the desired AV delay. At the trailing ' 
edge of the multivibrator pulse, a ventricular stimulat 
ing pulse is generated. However, a spontaneous ventric 
ular beat is detected, the ventricular stimulator is inhib 
ited so that a ventricular stimulating pulse is not gener 
ated. It is thus apparent that each atrial stimulating 
pulse results in a single ventricular stimulating pulse — 
if one is necessary -- after the pre-set AV delay. 
The second one-shot multivibrator has a period of 

260 milliseconds. At the trailing edge of the multivibra 
tor pulse, the atrial timing circuit is reset. , Conse 
quently, even though the atrial charging capacitor 
starts to re-charge with the generation of an'atrial stim 
ulating pulse, thecapacitor is discharged 260 millisec 
onds after the atrial stimulating pulse is generated. it is 
only when the capacitor starts to charge once again at 
this time that it is allowed to charge all the way up to 
the atrial ?ring level. Even if a spontaneous ventricular 
beat occurs, since it occurs after the atrial stimulating 
pulse by at most 250 milliseconds, the atrial charging 
capacitor is always discharged 260 milliseconds after 
an atrial stimulating pulse is generated and it is only at 
this time that it is allowed to start charging all the way 
up to the atrial ?ring level. 
Suppose, for example, that it is desired that the pacer 

rate be 75 beatsper minute corresponding to an inter 
beat interval of 800 milliseconds. In such a case, the 
rate control potentiometer should be set such that the 
atrial charging capacitor reaches the atrial firing level 
540 milliseconds after its initial discharge. Each atrial 
stimulating pulse triggers the 260-millisecond one-shot 
multivibrator. At the same time, the atrial charging ca 
pacitor is discharged and starts to charge towards the 
firing level. But 260 milliseconds later (by which time 
it has not reached the ?ring level) the capacitor is dis 
charged and it starts to charge once again. After an 
other 540 milliseconds have elapsed, the ?ring level is 
reached and another atrial stimulating pulse is gener 
ated. Consequently, atrial stimulating pulses are gener 
ated at SOD-millisecond intervals. Each atrial stimulat 
ing pulse triggers the variable one-shot multivibrator 
and consequently a ventricular stimulating pulse is gen— 
erated following the pre-set AV delay after each atrial 
stimulating pulse — provided that a spontaneous ven 
tricular beat is not detected and the ventricular stimu 
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4 
later is not inhibited. Although. the physician, as he ad 
justs the atrial timing circuit potentiometer while look 
ing at the ECG signal on an oscilloscope, is in reality 
adjusting the atrial escape interval, what. he observes 
are the large ventricular stimulating pulses; as far as the 
physician is concerned, he is adjusting the ventricular 
pulse rate. Of course, adjusting one of the. atrial .and 
ventricular pulse rates is equivalent to adjusting the 
other since for each atrial pulse there should be one 
ventricular pulse (in the absence of a spontaneous ven 
tricular beat) with the two pulses separated by a ?xed 
time interval. Since physicians are more likely to think 
in terms of the ventricular pulse rate, they can be in 
formed that the atrial charging capacitor potentiometer 
control is the ventricular rate control. It is apparent, 
however, that the two controls are completely indepen 
dent of each other. The rate control. potentiometer 
controls the rate at which both atrial and ventricular 
pulses occur. The AV delay control determines the 
time which elapses between each atrial pulse and the 
next ventricular pulse. ' ‘ 

It is important to understand the function of the 260 
millisecond multivibrator in the illustrative embodi 
ment of the invention. In the pacer art, when reference 
is-made to rate adjustment it is conventional to think in 
terms of varying the ventricular escape interval. But if 
the ventricular escape interval is varied, the only way 
to keep the AV delay constant would appear to involve 
adjusting the atrial escape interval so that the differ 
ence between the two escape‘ intervals is constant. This 
requires working “backwards in time” — whenever a 
ventricular stimulating pulse occurs, the atrial stimulat 
ing pulse should have occurred a ?xed time interval 
earlier. This is obviously a difficult thing to accomplish. 
However, by keying the pacer rate to the atrial charg 
ing circuit, and using a variable delay to control the AV 
delay, it is possible to make the rate and AV delay con 
trols independent of each other. The difficulty with this 
approach, however, is that if the detection of a sponta 
neous ventricular beat, or the generation of a ventricu 
lar stimulating pulse, is used to synchronize the atrial 
charging circuit, then the basic pacer rate would neces 
sarily be a function of the AV delay or the time when 
a spontaneous ventricular beat occurs. For example, 
witha short AV delay the period between successive 
atrial pulses would be shortened. However, by provid~ 
ing the 260-millisecond delay, the atrial charging ca 
pacitor is always discharged (synchronized) at a ?xed 
time after any possible ventricular stimulating pulse or 
spontaneous ventricular beat. Consequently, the basic 
pacer rate can be made independent of spontaneous 
ventricular beats and ventricular stimulating pulses 
simply by controlling the atrial escape interval to be 
equal to the difference between the desired inter-beat 
interval and the delay of the 260-millisecond one-shot 
multivibrator. 

It is a feature of our invention to provide an atrial 
timing circuit which is always re-started a ?xed time in 
terval after each atrial stimulating pulse and which in 
cludes a variable element for determining the basic 
pacer rate, the atrial timing circuit being re-started in 
all normal cases after the detection of a spontaneous 
ventricular beat or the generation of a ventricular stim 
ulating pulse. 

It is another feature of our invention to provide a 
variable delay for controlling the generation of a ven 
tricular stimulating pulse at a selected time after the 
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‘generation of an atrial stimulating pulse, the detection 
of a spontaneous ventriculating beat inhibiting the gen 
eration of a ventricular stimulating pulse. 
Further objects, features and advantages of our in 

vention will become apparent upon consideration of 
the following detailed description in conjunction with 
the drawing, in which: 
FIG. 1 depicts schematically the atrial and ventricu 

lar demand pacer'disclosed in the above-identi?ed Ber 
kovits application; and 
4 FIG. 2 depicts schematically the atrial and ventricu 
lar demand pacer of our invention, the design of the in 
dividual circuits shownas blocks in the drawing being 
apparent to those skilled in the-art especially in view of 
the detailed circuitry disclosed in the Berkovits appli 
cation. 
H6. 1 depicts three circuit blocks, the details of 

which are disclosed in the Berkovits application. Ven 
tricular demand stimulator 12 ‘applies a ventricular 
stimulating pulse, on ventricular electrodes El and E2, 
at a time after the previous ventricular beat, whether 
spontaneous or stimulated, which is determined by the 
setting of potentiometer 18. Typically, the ventricular 
escape interval might be 800 milliseconds. Since poten 
tiometer 18 determines the basic pacer rate by varying 
the interval between ventricular stimulating pulses, it is 
labelled “R-R rate control” because the R waves in an 
ECG signal correspond to ventricular beats. A ventric 
ular beat also results in the appearance of a pulse on 
the electrodes and conductors 22, 24 which is extended 
to ventricular beat detector 14. The ventricular beat 
detector extends a signal over conductor 16 to the ven 
tricular demand stimulator, in response to the detec 

‘ tion of a ventricular beat, to inhibit the generation of 
the next ventricular pulse which otherwise would be 
generated and to control the start of a new ventricular 
timing interval. Atrial demand stimulator 10 is pro 
vided to extend an atrial stimulating pulse to electrodes 
E3 and E4. The atrial stimulator timing period starts 
together with the ventricular stimulator timing period, 
the ventricular beat detector output being extended to 
both pulse generators. However, the timing period of 
the atrial stimulator is, for example, 600 milliseconds 

7 rather than 800 milliseconds?filheatrial escape interval 
is determined by the setting of potentiometer 20. Since 
atrial beats correspond to P waves in an ECG signal and 
potentiometer 20 determines the interval between a 
ventricular beat and an atrial beat, it is labelled “R-P 
control”. - ‘ 

In the circuit of FIG. 1, as shown in detail in the Ber 
kovits application, two capacitors are provided to con 
trol the atrial timing period and the ventricular timing 
period. Each capacitor charges from an initial value 
toward a respective ?ring level. If potentiometer 20 is 
set to provide an atrial escape interval of 600 millisec 

. onds, then it takes 600 milliseconds for the atrial ca 
pacitor to reach the atrial ?ring level, at which time an 
atrial stimulating pulse is generated, the capacitor is 
discharged and a new timing interval begins; if potenti 
ometer 18 is set to provide a ventricular escape interval 
of 800 milliseconds, it requires 800 milliseconds for the 
ventricular timing capacitor to reach the ventricular 
?ring level, at which time a ventricular stimulating 
pulse is generated, the capacitor is discharged and a 
new ventricular timing period begins. Both capacitors 
are discharged and new. timingperiods begin when ei 
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ther a spontaneous ventricular beat ‘is detected ora 
ventricular stimulating pulse is generated. 
Atrial'demand stimulator 10 in FIG. 2 is similar to 

atrial demand stimulator 10 in H6. 1. However, poten 
tiometer 20 controls the basic pacer rate and accord 
ingly is labelled “P-P rate control”. The atrial timing 
period begins when the reset’input of atrial demand 
stimulator 10 is pulsed. An atrial charging capacitor (as 
disclosed in theBerkovits application) starts to charge 
and when it reaches the atrial firing level a stimulating 
pulse is generated on atrial electrodes E3 and E4. At 
the same time, a pulse is applied on conductor 40 to the 
trigger input of each of 260-millisecond one-shot multi 

- vibrator 30 and 50-250 millisecond one-shot multivi 
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brator 32. Multivibrator 30 applies a short pulse at its 
output 260 milliseconds after it is triggered. The pulse 
is extended through OR gate 38 to the reset input of 
atrial demand stimulator 10. It requires longer than 260 
milliseconds for the charging capacitor in atrial de 
mand stimulator 10 to reach the ?ring‘level. Accord 
ingly, following the generation of each atrial stimulat~ 
ing pulse, the capacitor starts to rise toward the ?ring 
level, but it is always discharged 260 milliseconds into 
the timing period —- before it has reached the charging ‘ 
level. It then starts to charge once again. 
Potentiometer 34 is adjusted in accordance with the 

desired AV delay. For example, suppose that the de 
sired AV delay is 200 milliseconds. In such a case, 
when conductor 40 is pulsed together with the genera 
tion of an atrial stimulating pulse, multivibrator 32 is 
triggered. The multivibrator pulses its output 200 milli 
seconds after it is triggered. Ventricular pulser 36 sim 
ply serves to amplify the pulse and to apply a ventricu 
lar stimulating pulse to electrodes El and E2, provided 
it is not inhibited from operating by a reset pulse on 
conductor 16. Consequently, in the absence of the'de- ' 
tection of a spontaneous ventricular beat, a ventricular 
stimulating pulse is applied on electrodes El and E2 at 
a time after the atrial stimulating pulse is generated in 
accordance with the AV delay setting of potentiometer 
34. ' I 

If during the AV delay interval a spontaneous ven 
tricular beat occurs, the electrical signal on conductors 
22, 24 is'detected'by ventricular beat detector 14. Con 
ductor 16 is pulsed and the reset input of ventricular 
stimulator 36 is energized. The stimulator is reset so 

' ‘that a ventricular stimulating pulse is not generated at 
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the end-of the pulse generated by one-shot multivibra: 
tor 32. Conductor 16. is‘ also connected to an input 'of 
OR gate 38 so that the detection of a ventricular beat 
re-starts the atrial timing period. 
The 260-millisecond period of one-shot multivibrator 

30 is made longer than the maximum AV delay inter 
val. In the event a‘spontaneous ventricular beat occurs 
before multivibrator 32 completes ‘its timing period, 
ventricular stimulator 36 is inhibited so that a ventricu 
lar stimulating pulse is not generated, OR gate 38 oper 
ates and the charging capacitor in atrial demand stimu 
later 10 is discharged. The capacitor starts to charge 
once again, but it is again discharged at the trailing 
edge of the 260-millisecond pulse output of multivibra 
tor 30. On the other hand, if a spontaneous ventricular 
beat does not occur, then with the expiration of the 
pulse period of multivibrator 32, a ventricular stimulat 
ing pulse is generated. This similarly results in the oper 

_ ation of ventricular beat detector 14 and the resetting 
vof atrial demand stimulator 10. The atrial charging ca 
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pacitor starts to charge ‘but is discharged in this case 
also at the end of the 260-millisecond timing interval. 
No matter what the ventricular activity under normal _ 
circumstances, multivibrator 30 always controls the re 
setting of the atrial demand stimulator 260 milli 
seconds after the previous atrial stimulating pulse. vCon 
sequently, the effective atrial timing period, that is, the 
charging cycle of the capacitor which ultimately results 
in the reaching of the ?ring level, always begins 260 
milliseconds after a previous atrial stimulating pulse. 
To achieve any desired basic pacer rate, all that is nec- ' 
essary is to adjust potentiometer 20 so that the escape 
interval of atrial demand stimulator 10 is the desired 
inter-beat interval minus 260 milliseconds. Potentiom 
eter 20 thus controls the basic pacer rate because a 
ventricular stimulating pulse, if one is needed, always 
occurs after an atrial stimulating pulse in accordance 
with the setting of potentiometer 34, and the time sepa 
ration between ventricular stimulating pulses is neces 
sarily the same as the time spacing between atrial stim 
ulating pulses. As far as the physician is concerned, po 
tentiometer 20 controls the basic (ventricular) pacer 
rate, although in reality potentiometer 20 directly af 
fects the time interval between successive atrial stimu 
lating pulses. -_ > 

The reason for one-shot multivibrator 30 is as fol 
lows: No matter when a'ventricular beat takes place 
within the 260 milliseconds following the generation of 
an atrial stimulating pulse, even though that ventricular 
beat results'in the resetting of the atrial demand stimu 
lator, it does not affect the atrial stimulating pulse tim 
ing. Instead, the atrial stimulating pulse timing is ?xed 
in accordance with the setting of potentiometer 20 be 
cause multivibrator 30 always re-starts the atrial escape 
interval no matter when ventricular beat detector 14 
pulses its output between the generation of ‘an atrial 
stimulating pulse and the completion of the timing in 
'terval of one-shot multivibrator 30. As for the AV de 
lay, it is keyed to the generation of the atrial stimulating 
pulses, with aventricular stimulating-pulse, if one is 
necessary, being generated a pre-set time after the gen 
eration of an atrial stimulating pulse. The two controls 
are completely independent of each other. Varying the 
setting of potentiometer 34 does not'affect the basic 
pacer rate and instead only results in a change in the 
AV delay. Similarly, a change in the setting of potenti 
ometer 20 changes the basic pacer rate; a ventricular 
stimulating pulse, if one is necessary is always gener 
ated at a ?xed time after the generation of an atrial 
stimulating pulse in accordance with the setting of po 
tentiometer 34. . ' 

The output of ventricular beat detector 14 resets the 
atrial demand stimulator during normal operation even 
though such resetting has no effect because the atrial 
demand stimulator is always reset once again when 
multivibrator 30 completes its timing interval. The rea 
son for allowing the ventricular beat detector to reset 
the atrial demand stimulator is to take into account the 
possibility of an abnormal ventricular beat which oc 
curs more than 260 milliseconds after the generation of 
an atrial stimulating pulse. For example, it is possible 
for one-shot multivibrator 32 to stimulate a ventricular 
beat, and that some time shortly thereafter a spontane 
ous ventricular beat Occurs — before the next atrial 
stimulating pulse. In order to key the'pacer operation 
to the last ventricular beat, ventricular beat detector 14 
causes the atrial timing period to start all over again. 
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8 
It should be noted that although the pacers of FIGS. 

1 and 2 are for the most part functionally equivalent, 
there is a situation in which the functional sequences of 
the two pacers are different. Suppose, for example, that 
the inter-beat interval is adjusted for 800 milliseconds 
(that is, the atrial escape interval in the pacer of FIG. 
2 is 540 milliseconds), and that the AV delay is set to 
200 milliseconds. Suppose further that a spontaneous 
ventricular beat occurs 100 milliseconds after the gen 
eration of an atrial stimulating pulse. In the pacer of 
FIG. 1, the spontaneous ventricular beat results in the 
resetting of both the atrial demand stimulator and the 
ventricular demand stimulator. Consequently, the next 
atrial stimulating pulse will occur 600 milliseconds 
after the spontaneous ventricular beat, and the next 
ventricular stimulating pulse, if one is necessary, will 
occur 800 milliseconds after the spontaneous ventricu 
lar beat. However, in the pacer of FIG. 2, the detection 
of the spontaneous ventricular beat has no effect. Even 
though atrial demand stimulator 10 is reset 100 milli 
seconds after the generation of the previous atrial stim 
ulating pulse, multivibrator 30 causes the atrial demand 
stimulator to be reset once again 160 milliseconds 
later. In effect, as far as the atrial timing is concerned, 
the pacer ignores the fact that a spontaneous ventricu 
lar beat occurred 100 milliseconds before a ventricular 
stimulating pulse would have otherwise been gener 
ated. The extra approximately IOU-millisecond delay 
before the next atrial stimulating pulse is generated 
provides for a built-in compensatory pause. By building 
in this delay, it is more likely that a spontaneous atrial 
heat will occur, followed by a spontaneous ventricular 
beat, than in the case of the pacer of FIG. 1 in which 
the normal timing of the pacer ensues without any com 
pensation being made for the fact that a premature ven 
tricular beat occurred. Of course, if a spontaneous ven 
tricular beat does occur before the atrial demand stim 
ulator completes its timing interval, then battery life is 
extended because even an atrial'stimulating pulse is not 
generated during the next cycle. It is emphasized, how 
ever, that the major advantage of the pacer of FIG. 2 
is believed to be the independent'control of the basic 
pacer rate and the AV delay, and also the prevention 
of the possibility of the controls being adjusted such 
that more than one atrial stimulating pulse occurs be 
tween successive ventricular stimulating pulses. 

Ventricular stimulator 36 operates to generate a ven 
tricular stimulating pulse at the trailing edge of the 
pulse 'output of multivibrator 32, but as described 
above a stimulating pulse is not generated if the reset 
input of the ventricular stimulator is energized. Many 
different circuits can be used for this purpose. A pre 
ferred circuit is one which is very similar to the basic 
timing circuit included in a demand stimulator. In this 

, circuit, the output of one-shot multivibrator 32 is ca 
pacitor coupled to the reference potential terminal. 
The reference potential is normally high. The output of 
the multivibrator is a positive pulse, and consequently 
at its trailing edge a negative spike is coupled through 
the capacitor to the reference potential terminal. Only 
at this time is the reference potential to which the tim 
ing capacitor voltage is compared lowered sufficiently 
such that the timing capacitor voltage exceeds it and 
causes a stimulating pulse to be generated. However, a 
reset pulse generated by ventricular beat detector 14 
causes the timing capacitor to discharge (just as it is 
discharged in the circuit of FIG. 1). The time constant 



9 
of the charging circuit is adjusted such that it requires 
more than 250 milliseconds for the capacitor voltage to 
rise to a level which exceeds even the low reference po 
tential which results at the trailing edge of the output 
pulse of multivibrator 32. Consequently, once a reset 
pulse has discharged the charging capacitor in the ven 
tricular stimulator, a stimulating pulse cannot be gener 
ated, even at the trailing'edge of the multivibrator 
pulse. 
Although the invention has been described with ref 

erence to a particular embodiment, it is to be under 
stood that this embodiment is merely illustrative of the 
application of the principles-of the invention. Numer 
ous modi?cations may be made therein and other ar 
rangements may be devised without departing from the 
spirit and scope of the invention. 
What we claim is: 
1. A pacer comprising atrial terminal means, ventric 

ular terminal means, ?rst timing means for applying a 
pulse to said atrial terminal means at the end of a ?rst 
time interval following the resetting thereof, means for 
varying said ?rst time interval, second timing means for 
applying a pulse to said ventricular terminal means at 
the end of a second time interval following the applica 
tion of a pulse to said atrial terminal means, means for 
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adjusting said second time interval, means for detecting ' 
a ventricular beat of a-patient’s heart and responsive 
thereto for inhibiting the application of a pulse to said 
ventricular terminal means if said second time interval 
has not expired subsequent to the application ofthe 
previous pulse to said atrial terminal means and for re 
setting said ?rst timing means, and means for resetting 
said ?rst timing means at the end of a third time inter 
val following the application of a pulse to said atrial ter 
minal means, said third time interval being longer than 
the maximum second time interval. 

'2. A pacer in accordance with claim 1 wherein said 
second time interval is adjustable within minimum and 
maximum time intervals de?ning a normal range of AV 
delays. 

3. A pacer comprising atrial terminal means, ventric 
ular terminal means, means for generating atrial stimu 
lating pulses on said atrial terminal means at spaced 
time intervals, means for generating a ventricular stim 
ulating pulse on said ventricular terminal means at the 
end of a selected time interval following the generation 
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of each stimulating pulse on said atrial terminal means, 
means for establishing the maximum value of said se~ 
lected time interval to be less than'a predetermined in 
terval between the generation of said atrial stimulating 
pulse and the start of the next said spaced interval, 
means for detecting a spontaneous ventricular beat of 
a patient’s heart within said selected time interval fol 
lowing the generation of a stimulating pulse on said 
atrial terminal'means but prior to the generation of a 
corresponding stimulating pulse on said ventricular ter 
minal means for inhibiting the generation of said stimu 
lating pulse on said ventricular terminal means, and 
means for controlling the time interval between a spon 
taneous ventricular beat and the generation of the next 
stimulating pulse on said atrial terminal means to be 
greater than the time interval between the generation 
of a stimulating pulse on said‘ ventricular terminal 
means and the generation of the next stimulating pulse 
on said atrial terminal means. 

4. vA pacer in accordance with claim 3 wherein the 
time difference between the time interval separating a 
spontaneous ventricular beat vand the next stimulating 
pulse on said atrial terminal means and the time inter 
val separating a stimulating pulse on said ventricular 
terminal means and the next stimulating pulse on said 
atrial terminal means corresponds to the compensatory 
pause which follows a premature beat of said patient’s 
heart. 

5. A pacer in accordance with claim 3 wherein said 
atrial stimulating pulse generating means includes an 
other means for generating an atrial stimulating pulse 
at the end of another selected time interval following 
the detection of a spontaneous premature ventricular 
beat or following the lapse of a predetermined time in 
terval after the generation of a previous atrial stimulat 
ing pulse, whichever occurred later. 

6. A pacer in accordance with claim 5 further includ 
ing a pair of means each for adjusting one and only one 
of a respective one of said selected-time interval and 
said other selected time interval. 

7. A pacer in accordance with claim 6 including 
means for establishing said predetermined time interval 
longer than the maximum value of said selected time 
interval. 

* * * * * 


