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(57) ABSTRAC 
There is disclosed an atrial and wentricular pacer hav 
ing independent rate and AV dclay controls. An ad 
justable timing circuit is provided to control the rate 
of the ventricular stimulating pulses. The occurrence 
of each ventricular beat triggers an atrial pulse gencr 
ating circuit, an atrial stimulating pulse being gener 
ated following a variable time interval. The ventricular 
rate control circuit includex one potentiomcter. and 
the atrial pulse gencrating circuit includes two potenti 
ometers connected in series, one of which is ganged to 
the ventricular rate potentiometer. If the impedance 
of the wentricular rate potentiometer is increased to 
increase the ventricular escapc interval, then as a re 
Sult of the ganging of the two potentiometers the atrial 
pulse delay is similarly increased; thus the AV delay 
remains constant even as the pacer rate is varicci. The 
second potentiometer in the atrial pulsing circuit is 
used to vary the AV delay. 

4 (laims, 2 Drawing Figures 
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ATRAL AND VENTRICULAR PACER HAVING 
WDEPENDENTRATE CONTROS AND MEANS TO 

MANTAN A CONSTANT AWDELAY 

This invention relates to atrial and wentricular des 
nand pacers, and more particularly to such pacers in 
which the rate and AV delay controls are independent 
if each other, 
in prior art atrial and wentricular pacers, two separate 

pulse generating circuits are provided to generate stime 
ulating pulscs at respective predetermined time inter 
vals following the last ventricular heat. The ventricular 
escape interval (the time period between successive 
vent ricular beats) is longer than the atrial escape inter 
val (the time period between successive ventricular and 
trial beats) so that an atrial stimulating pulse is gener 
teu before a ventricular stimulating pulse. Each de 
tected spontaneous ventricular bcat controls the reset 
ling of both pulse generating circuits. 
Each of the pulse gencrating circuits in some prior art 

pacers is free-running; respective atrial or ventricular 
stimulating pulses are generated at fixed intervals in the 
ahscnce of the resetting of the pulse generating circuit. 
The paccr timing is synchronized to the natural heart 
heats by controlling the resetting of the two circuits 
upon thc dictection of each ventricular beat. While sys 
tems of this type are satisfactory for implantable pac 
ers, a problem has bc.cn cncountered when they are 
used in connection with external pacers, that is, pacers 
which are external to the patient except for electrical 
leads, 

in an atrial and wentricular demand pacer, each of 
the pulse generating circuits includes a potentiometer 
which can be adjusted for setting the respective escape 
interval. Since the pulse generating circuits are freerun 
ning in the absence of a resetting pulse, it is apparent 
that if the atrial escape interval is less than 50 percent 
of the ventricula scape interval, then two or more 
a trial stimulating pulses may be generated between 
each pair of ventricular stimulating pulses. The detec 
tion of a ventricular beat, or the generation of a ven 
tricular stimulating pulse, causes both pulse generating 
circuits to be reset. If the ventricular escape interval is 
N milliseconds and the atrial escape interval is less than 
NI2 milliseconds, since both pulse generating circuits 
arc free-running, it is apparent that if a spontaneous 
ventricular beat is not detected prior to the expiration 
of the ventricular escape interval, then at least two 
atrial stimulating pulses will be generated. That is bes 
cause atrial stimulating pulses are generated continue 
ously and at fixed time intervals in the absence of the 
detection of a spontaneous ventricular beat or the gene 
cration of a ventricular stimulating pulse. Multiple 
atriat stimulating pulses, of course, can only produce 
deleterious effects since the atria should not be stimus 
lated too close in time to a ventricular beat. 

in the case of implantable pacers, where the potents 
timeter settings are established on the production line 
and are not subject to change, the problem is not severe 
because satisfactory production procedures can be enre 
ployed for ensuring that multiple stimulating pulses are 
not generated, However, in the case of an external 
pacer, medical and hospital personnel adjust the varie 
ous control knobs to vary the two escape intervals. Es 
pecially with poorly trained personnel, the atrial escape 
interval can be set to be less than 50 percent of the ven 
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tricular escape interval, in which case multiple atrial 
stimulations are possible. 

in the improved atrial and ventricular pacer disclosed 
in my application Ser, No. 233,35, fled on Mar, 9. 
972, now U.S. Pat, No. 3,768,486, and entitled 

"Atrial and Ventricular Demand Pacer Having Wide 
Range Atrial Escape interval" (which application is 
hereby incorporated by reference), multiple atrial stim: 
ulations are precluded even with wery short atrial es 
cape intervals. The wentricular pulse generator is free 
running as in prior art pacers. However, the atrial pulse 
generating circuit is not; instead, it includes a one-shot 
multivibrator. The detection of a spontaneous ventricu 
lar beat, or the generation of a wentricular stimulating 
pulse, triggers an atrial timing circuit. At the end of the 
pre-set atrial escape interval, the multivibrator is fired 
and an atrial stimulating pulse is generated. Thereafter, 
the multivibrator returns to the quiescent state; no fur 
ther atrial stimulating pulses are generated. In order for 
the multivibrator to be triggered once again, a new tim 
ing period must be initiated, and this takes place only 
when the next spontaneous ventricular beat is detected 
or the next wentricular stimulating pulse is generated. 
Even if the atrial escape interval is set to be less than 
50 percent of the ventricular escape interval, the multi 
vibrator is triggered only once for each ventricular 
beat. Consequently, it is not possible for there to be 
multiple atrial stimulations between ventricular beats. 
The wentricular pulse generator includes a potenti. 

ometer for varying the ventricular escape interval; the 
atrial pulse generator includes a potentiometer for 
varying the atrial escape interval. This latter interval is 
the time period between a ventricular beat and the ?ol 
lowing atrial stimulating pulse and is referred to herein 
as the VA interval. The interval between each atrial 
stimulating pulse and the following ventricular stimu 
lating pulse is known as the AV delay. Also, the term 
VW interval as used hercin refers to the time interval 
between successive ventricular stimulating pulses. In 
the pacer disclosed in my aforesaid application, it is ap 
parent that adjustment of the ventricular pulse genera 
tor potentiometer controls not only the VV interval. 
but also the AV delay. If the VV interval is increased, 
for example, and the atrial pulse generator potenti?m 
eter setting is not changed so that the WA interval re 
mains the same, it is apparent that the AV delay in 
creases as well. Very often, however, it is necessary for 
a physician to vary the VW interval without changing 
the AV delay. In the pacer disclosed in my aforesaid 
application, after the physician adjust the pacer rate, 
he must necessarily adjust theatrial pylve generator po 

lometer if he desires to maintain le same AV de 
Ry, 

it is a general object of my invention to provide an 
atrial and wentricular pacer in which two independent 
controls are provided for adjusting the pacer rate and 
the AV delay. With the pacer of my invention, the phy. 
tician can make one adjustment to the pacer rate with 
out affecting the AV delay, and/or he can make an 
other adjustment to change the AV delay without af. 
?ecting the pacer rate, 

in accordance with the principles of my invention, 
the wentricular pulse generator includes a single poten 
tkometer; the larger the impedance setting, the longer 
the WW interval. The atrail pulse generator includes 
two serially connected potentiometers; the larger thc 
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series impedance, the longer the WA interval. One of 
the atrial pulse generators potentiometers is ganged to 
the ventricular pulse generator potentiometer; as the 
latter potentiometer is turned to increase its impe 
dance, the ganged potentiometer in the atrial pulse 
generator is similarly turned to increase its impedance. 

Suppose, for example, that the physician desires to 
increase the VW interval. By turning the shaft which 
gangs the two potentiomcters together, the VW interval 
is extended as a result of the increase in the impedance 
i? the ventricular pulse generator potentiometer. But, 
at the same time, because the gangcd atrial pulse geners 
ator potentiometer is turned so that its impedance in 
creases as well, the WA interval also increases. The two 
ganged potentiometers have the same maximum in 
pcdances and function so that the same change in im 
pedance in each potentiometer affects the VV interval 
or the WA interval to the same degree. Consequently, 
if the WW interval is increased by turning the shaft 
which gangs the two potentiometers together, then the 
VA interval increases to the same extent. Since the AV 
delay is equal to the difference between the VV inter 
val and the WA intcrval, it is apparent that the AV 
delay remains constant. In order to adjust the AV de 
lay, all that is necessary is to change the setting of the 
ther (independent) potentiometer in the atrial pulse 

generator. This potentiometer affects only the WA in 
terval, and thus the AW delay can be adjusted indepen 
dently. 

it is a feature of my invention to provide two potentis 
mcters in thc atrial pulse generator, and one potentio 
meter in the ventricular pulse generator which is 

ganged to one of the atrial pulse generator potentiom 
its. 
Further ohjects, features and advantages of my line 

vention will hccome apparent upon consideration of 
the following detailed description in conjunction with 
he drawing in which: 
FIG. is the same as FIG. 2 in my above-identified 

application and depicts an atrial and ventricular pacer 
in which the rate and AW delay controls are not indee 
pendent of each other; and 
FIG. 2 depicts the illustrative embodiment of my in 

vention in which independent rate and AV delay ad 
justments may be made. 
Only those parts of the circuit of FIG. will be ex 

plaincci which are required for an understanding of the 
present invention. The pacer includes a pair of elects 
trades E and E2, which are used for wentricular stimus 
lation and spontaneous beat detection, and a pair of 
electrodes, E and E, which are used for atrial stimus 
lation. A spontaneous ventricular beat causes a signal 
to appear on electrodes E1 and E, and this signal is 
proccased and results in a pulse being applied through 
capacitor 53 to the base of transistor T6 and through 
capacitor S4 to the base of transistor TO, (lf switch S 
is closed, then the pacer operates in a continuous mode 
and no pulses are extended to the bases of transistors 
T6 and T10. Similarly, in the presence of 60-Hz noise, 
transistors T3 and T function to prevent the applicae 
tion of pulses to the bases of transistors T6 and T0 so 
that the pacer can operate in the continuous mode.) 
Capacitor S7 normally charges from batteries l-S 

through potentiometer 35, potentiometer 37, and resis 
tors 6 and 63. When the voltage across the capacitor 

Mufficient to fire transistors T and T, these transia 
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tors conduct and a large current flows through them to 
raise the potential across resistor 63. At this time tran 
sistor T9 fires and capacitor 65 discharges through the 
transistor, the electrodes and the heart tissue to stimu 
late the wentricies. After transistor T9 turns of capaci. 
tor 65 recharges in preparation for the generation of 
another stimulating pulse. The setting of potentiometer 
3S determines the magnitude of the charging current 
for capacitor S7. This, in turn, determines the ventricu 
lar escape interval. Each time that the voltage across 
capacitor S7 is high enough to cause transistors T and 
T8 to fire, the capacitor discharges through them so 
that another timing cycle can begin. The duration of 
the discharge is determined by the setting of pot.cnti 
ometer 37. Since a large current flows through resistor 
63 whenever transistors T and T8 conduct, it is appar 
ent that the setting of potentiometer 37 determines the 
width of the ventricular stimulating pulse. 

lf a spontaneous wentricular beat is detected before 
the expiration of the ventricular escape interval, then 
transistor T6 conducts and capacitor 57 discharges 
through it. In such an event, the ventricular stimulating 
pulse which would otherwise have been generated 
when the voltage across capacitor 57 would have 
reached the firing level is not generated. Instead, a new 
timing cycle begins, with a ventricular stimulating pulse 
being generated only if the Yentricular escape interval 
elapses before the detection of another spontaneous 
wentricular bea. 
The atrial pulse generating circuit similarly includes 

a timing capacitor S8 and a potentiometer 62 which is 
used to control the WA interval. The detection of a 
spontaneous beat of the detection of a ventricular stim. 
ulating pulse results in the pulsing of the basic of transis 
tor T10, At this time capacitor 58 fully discharges 
through the transistor. Thereafter, the capacitor 
charges through potentiometer 62. When the charge 
across the capacitor is sufficient to control the firing of 
transistors T and T2, a pulse, whose duration is de 
termined by thc setting of potentiometer 95, appears 
across atrial stimulating electrodes E3 and E4. Even 
after the atrial stimulating pulse is generatcd, transis. 
tors T and T2 both remain on, and capacitor 58 re. 
mains charged. It is only the next firing of transistor 
T10 that controls the discharge of capacitor S8, the 
turning off of transistors T and T2, and the start of 
a new WA timing interval. Since an atrial stimulating 
pulse can only be generated after capacitor 58 is first 
discharged through transistor T10, and transistor T0 
is only turned on when a spontaneous ventricular beat 
is detected or an atrial stimulating pulse is generated, 
it is apparent that only one atrial stimulating pulse can 
be generated following each ventricular beat. 

it is possible with the pacer of FIG. to change thc 
AV delay without changing the pacer rate. If the setting 
of potentiometer 62 is increased, for example, the VA 
interval is increased (and the AV delay is thus de 
creased) but this has no effect on the ventricular pulse 
generating circuit and therefore the pacer rate remains 
the same. However, it is not possible to change the 
pacer rate without changing the AV delay. If the setting 
of potentiometer 35 is increased, for example, and no 
adjustment is made in the setting of potentiometer 62, 
it is apparent that the WW interval increascs while the 
WA interval remains the same. This, in turn, results in 
an increase in the AV delay together with the decrease 
in the pacer rate, 
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With the pacer of FIG. 2, it is possible to change the 
pacer rate without affecting the AV delay. Potentiom. 
eter 35 in FG. It is replaced by a fixed resistor 3Sb and 
potentiometer 3sa. Potentiometer 62 of FIG. is re 

placed by two scrially connected potentiometers 62a 
and 62b. The dotted lines 35a-62a represcnts a single 
shaft which gangs potentiometers 35g and 62a 
libgchcr. Thc settings of these two potentiomcters are 
changcd in the same way when thc paccr rate adjusting 
Sha?t is turnc. in all other respects the pacer of FG. 
2 pcrates as does the pacer of FIG. I. 

It is apparcnt that if the Sct ting of potentiometer 62b 
is changed, the WA interval (and therefore the AV de 
ay ) is changcu without affecting thc paccr rate in any 
w ily. This is because potentiometer 62b affects the 
charging of only capacitor 58 in the atrial pulse gencr 
a ting circuit. (This is true also of the paccr of FIG. in 
which a change in the setting of potentiometer 62 
changes the AV delay without affecting the pacer rate, 
as described above.) But, unlike the pacer of FIG. 1, 
the pacer of FIG. 2 allows a change to be made in the 
nicer rate without any change being cffected in the AV 
alcity. When shaft 35a-62a is turned so as to increase 
the impedance of potentiometer Sa (and thercfore the 
Setting of potentiometer 62a as well), it takcs longer for 
capacitor $7 to charge to the firing level of transistors 
T7 and T8. This results in an increasc in thc VW inter. 
val. But because the impedance of potentiometer 62a 
is also increascd, it also takes longer for capacitor 58 
tin charge to the firing level of transistors Till and T12 
following its initial discharge through transistor T10. If 
hinth RC charging circuits arc lincar, and policntiom 
cters Su and 62a arc idcntical, any increase or de 
crease in the VV interval results in an identical increase 
or decrease in the VA interval. Since the AV dclay is 
equal to the difference betwccn these two intervals, it 
is apparent that thc AV dclay is not affected by a 
change in the pacer rate. 
Resistor 35b in thc ventricular pulse gencrator is pro 

villed to insure a minimum WW intcrval, no matter how 
liw the sctting of potentiomcter Sa. A similar fixed 
resister can bc included in serics with potentiometers 
62a and 62b i? desircd. Similarly. it is possible to pro 
vide another potentiometer in series with potention 
cter Su, although an adjustment to the Sctting of this 
put ent inct cr would necessarily affect the AV delay 
:ling with thc pacer ratc. It is the ganging of at lcast 
ine pitcntiometcr in thc ventricular pulse generating 
circuit to at least one potentiomctcr in the atrial pulse 
generating circuit that allows the paccr rate to be 
changed without affccting the AV dclay. 
Although the invention has been described with ref. 

crence to a particular embodiment, it is to be under 
stood that this cmbodiment is merely illustrative of the 
application of the principles of the invention. Numer 
ous modifications may be made therein and other ar 
rangements may be devised without departing from the 
spirit and scope of the invention. 
What claim is: 
1. An atrial and ventricular pacer comprising wentric 

ular pulse generating means for generating n ventricu 
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6 
lar stimulating pulse for extension to a patient's heart 
following the expiration of a ventricular escape timing 
interval, first potentiometer means for varying said ven 
tricular escape timing interval, means for detecting a 
spontaneous ventricular bcat of a paticnt's heart of thc 
generation of a wentricular stimulating pulse for syn 
chronizing said ventricular pulse generating means to 
the beating action of the patient's heart, timing means 
responsive to the opcration of said detecting means for 
measuring an atrial cscape timing interval, Second po 
tentiometer means for adjusting the width of said atrial 
escape timing interval, means responsive to the expira 
tion of said atrial escape timing interval for generating 
an atrial stimulating pulse for extension to said patic nt's 
hcart, means for controlling the automatic adjustment 
of said second potentiometer means when said first po 
tentiometer means is adjusted, wherein said controlling 
means includes a shaft which is ganged to said first and 
second potentiometer means, and wherein said vent ric. 
ular escape timing interval is a linear function of the 
setting of said first potentiometer means and the width 
of said atrial escapc timing interval is a lincar function 
of the setting of said second potentiometer means, and 
said controlling means functions to maintain a constant 
difference between said went ricular escape timing in 
terval and said atrial cscape timing interval. 
2. An atrial and went ricular paccrin accordance with 

claim 1 furthcr including third potcntiometcr means for 
adjusting the width of said atrial escape timing interval 
independent of the width of said vent ricular escape 
timing intcrval. 
3. An atrial and wentricular pacer comprising ventric 

ular pulse generating mcans for generating vicntricular 
stimulating pulses for extension to a patient's heart, 
first means for varying the rate at which ventricular 
stimulating pulses are generated, means for synchroniz 
ing said ventricular pulse generating means to the heat. 
ing action of a patient's heart, timing means for operat. 
ing in synchronism with the bcating action of a patient's 
heart for measuring an atrial escape timing interval. 
second means for adjusting thc width of said atrial es 
cape timing intcrval, means responsive to the expira. 
tion of said atrial escape timing interval for gcrerating 
an atrial stimulating pulse for extcnsion to said patient's 
heart, means for controlling the automatic adjustment 
of said second means when said first means is adjust cd, 
and wherein the rate at which ventricular stimulating 
pulses are generated is a lincar function of the setting 
of said first means and the width of said atrial escape 
timing interval is a lincar function of the setting a? said 
second means, and said controlling means is operative 
to maintain constant the time interval between the gen 
eration of an atrial stimulating pulse and the generation 
of the next ventricular stimulating pulse independent of 
the setting of the said first means. 

4. An atrial and ventricular pacer in accordance with 
claim 9 further including third means for varying the 
width of said atrial escape timing interval independent 
of Sakd controlling means, 
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