
United States Patent (19) 
Svensson et al. 

11) 3,865,119 
(45) Feb. 11, 1975 

54 

75 

(73) 

(22) 
21 ) 

30 

(52) 
51 
(58 

(56) 

HEARTBEAT ACTUATOR WITH 
CONTROLLED PULSE AMPLETUDE 

Inventors: Bengt Svensson, Ronninge; Gunnar 
Walin, Sollentuna, both of Sweden 

Assignee: Siemens Aktiengesellschaft, 
Erlangen, Germany 

Filed: Apr. 10, 1973 
Appl. No.: 349,809 

Foreign Application Priority Data 
Apr. 1 1, 1972 Germany............................ 22 7400 

U.S. C. ............................................. 128/419 P 
int. Cl............................................... A61n 136 
Field of Search ..........., 128/419 P, 419 R, 421, 

28/422, 423 

References Cited 
UNITED STATES PATENTS 

3,517,663 6, 1970 Bowers et al.................... 128/49 P 

3,631,860 1/1972 Lopin .............................. 128/419 P 
3,638,656 2/1972 Grandjean et al............... 128/419 P 
3,669,120 6, 1972 Nielsen............................ 281419 P 

Primary Examiner-William E. Kamm 
Attorney, Agent, or Firm-Richards & Geier 

57 ABSTRACT 

A heartbeat actuator, particularly an implantable 
heartbeat actuator has means for automatically lower 
ing the amplitude of stimulating impulses produced by 
the beat actuator. The invention is particularly charac 
terized by a stepwise switching device operated in 
rhythm with the stimulating impulses and used for 
connecting switching elements which influence the 
amplitude of the stimulating impulses. The elements 
are so dimensioned that the lowering of the ampli 
tudes takes place in predetermined preferably equal 
steps. 

1 Claim, 3 Drawing Figures 
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1 
HEARTBEAT ACTUATOR WITH CoNTROLLED 

PULSE AMPLETUDE 

This invention relates to a heartbeat actuator, partic 
ularly an implantable heartbeat actuator having means 
for automatically lowering the amplitude of stimulating 
impulses produced by the beat actuator. 
Beat actuators of this type have the purpose of deter 

mining the threshold value of the stimulus of the heart 
by means of the actuator. For that purpose, for exam 
ple, in case of an implanted beat actuator, the actuator 
is influenced by action of a magnetic field upon a 
switch sensitive to the magnetic field and provided in 
the actuator, so that it operates with a fixed frequency 
and so that the amplitude of the produced stimulating 
impulses is continuously lowered. A measure for calcu 
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and when using an n-step binary counter as the step 
wise switching device it is possible to provide with in 
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lating the threshold valve of the stimulus of the heart 
is provided from the number of produced effective im 
pulses of the heartbeat maker calculated from the 
switching of the switch which depends upon the mag 
netic field up to an absence of an answer from the irri 
tated heart. The lowering of the amplitude of the stimu 
lating impulses can be produced by using the charging 
condition of a condenser which can be charged through 
a resistance, to operate the charging current of that 
condenser which is discharged through the heart for 
producing a stimulating impulse. However, this manner 
of producing the lowering of the amplitudes results in 
a poorly definable gradation of the amplitudes and the 
reproduction of the gradation cannot be carried out 
with sufficient precision and replaceability. 
An object of the present invention is to produce a 

heartbeat maker of the described type wherein the low 
ering of the amplitudes of the stimulating impulses 
takes place in precisely definable steps. The reproduc 
tion of the gradation should be possible with simple and 
cheap means. All these objects should be carried out by 
the least possible number of structural elements requir 
ing a small amount of space. 
An object of the present invention can be accom 

plished by providing a stepwise switching device oper 
ated in rhythm with the stimulating impulses for con 
necting switching elements influencing the amplitude 
of the stimulating impulses. The elements are so dimen 
sioned that the lowering of the impulses takes place in 
predetermined preferably equal steps. 
According to a further development of the present 

invention a digital counter is used as the stepwise 
switching device and is preferably made as an inte 
grated structure. In this manner a space saving and 
cheap switching device is produced. As switching ele 
ments influencing the amplitude of the threshold value 
of the stimulus, preferably fixed resistances are used 
which are small and cheap and the value of which can 
be fixed very precisely. 

In known heartbeat actuator circuits the amount of 
the amplitude of a stimulating impulse is determined by 
the charge condition of a condenser discharging for im 
pulse production. In accordance with the present in 
vention in such connection the fixed resistances are 
switched on by the stepwise switching device into the 
charging circuit of the condenser. 
The present invention further provides that the least 

possible number of resistances can be used if their size 
is arranged in steps according to a geometrical series 
and if they can be combined individually with each 
other. By the use of different possible combinations 
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fixed resistances 2" - 1 combinations of resistances the 
values of which may provide that the amplitudes can be 
lowered in equal steps to zero. 
The invention will appear more clearly from the fol 

lowing detailed description when taken in connection 
with the accompanying drawing showing by way of ex 
ample only, a preferred embodiment of the inventive 
idea. 

In the drawing: 
FIG. 1 is a switch circuit illustrating the basis of the 

present invention. 
FIG. 2 is a diagram showing the desired stepwise ar 

rangement of the amplitudes as a function of time. 
FIG. 3 is a switch circuit showing the various parts 

causing the lowering of the impulses. 
FIG. 1 shows an amplifier 1, a switch 2 dependent 

upon a magnetic field, a trigger circuit 3, an astable 
multivibrator 4, a monostable multivibrator 5, a so 
called dosing circuit 6 and an outlet switch 7 of a heart 
beat actuator. The outgoing impulses of the heartbeat 
actuator reach through the outlet clamp 8 the heart of 
the patient. The same conduit receives the EKG signals 
of the heart and transmits them to the amplifier. When 
natural heart actions are absent a sequence of impulses 
is produced in the multivibrator 4 corresponding to the 
switching time of this multivibrator; this sequence of 
impulses closes through the monostable tipping stage 
the switch 7 for a short time when there is an impulse 
and provides that a stimulating impulse is transmitted 
to the heart. When there are natural heart actions they 
are transmitted through the amplifier 1 and the trigger 
circuit 3 to the astable multivibrator 4 in such manner 
that it is set back to its initial position. In this manner 
when there is no natural heart action a stimulating im 
pulse is transmitted to the heart. By applying a magnet 
upon the skin of the patient's body over the implanted 
heartbeat actuator it is possible to provide that the 
switch 2 dependent upon the magnetic field will be 
closed and will switch off the trigger circuit. Due to this 
arrangement natural heart actions will have no effect 
any more upon the production of stimulating impulses. 
Consequently the beat actuator will operate with the 
beat actuating frequency produced by the astable mul 
tivibrator. At the same time as the switch dependent 
upon the magnet field is switched on the dosing circuit 
is actuated in a manner which will be described later 
on. It serves after the switching on of the switch depen 
dent upon the magnetic field to diminish stepwise in 
equal steps the amplitude of the outgoing impulses of 
the heartbeat actuator. FIG. 2 shows the desired run of 
the amplitudes, whereby the amplitude A of impulses 
produced by the beat actuator is shown as a function 
of the time t. The horizontal broken line indicates the 
threshold value of the stimulus of the heart and the two 
vertical broken lines show the limits of the time period 
during which the switch dependent upon the magnetic 
field was actuated by the application of a magnet. An 
arrow shows the first impulse of the series of impulses 
the amplitude of which is smaller than the threshold 
value of the stimulus of the heart and thus is not suffi 
cient any more for stimulating the heart. The term 
"geometric row' is used to indicate the dimensioning 
and interconnection of resistances whereby the ampli 
tude of exciting impulses is lowered in equal steps. A 
similar arrangement is described by A. Watson as "A 
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Staircase Function Generator' in Electronic Engineer 
ing, May 1965, pg, 329. 
FIG. 3 shows the switch connections of the dosing 

circuit as well as the construction of the switch 7. The 
switch 7 consists of a transistor T through which a con 
denser C can be discharged. Normally the transistor is 
locked so that the condenser C can be charged through 
the resistance R. However, as soon as an impulse from 
the monostable multivibrator 5 reaches the base of the 
transistor through the voltage dividers Rs, R6, the tran 
sistor becomes conducting and permits the discharge of 
the condenser to the heart of the patient. The reserve 
resistance of the heart is indicated as RL in FIG. 3. By 
actuating the element 2 the binary counter consisting 
of switch members I to IV is switched on. This results 
in that resistance combinations of R1, R2, R3 and R4 
will be switched on in the rhythm of the beat actuator 
impulses; they determine by voltage division the volt 
age with which the condenser can be charged between 
two following impulses of the monostable multivibrator 
5. The values of the resistances are geometrically 
stepped and thus when they are switched jointly they 
permit the formation of a linear resistance row. The 
switch elements to IV are made in digital structure. 
They switch the resistances on and off one after the 
other depending upon impulses supplied from the 
monostable multivibrator 5, so that all possibilities of 
the joint connection of the resistances R1 to R4 are ex 
hausted. The switching elements I to IV are provided 
with the usual connection indications, so that further 
description is unnecessary. 
The quantative determination of the maximum am 

plitude takes place by the use of a frequency measurer, 
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4 
which determines precisely the frequency of the im 
pulse sequence of the monostable multivibrator. Since 
there is a firm connection between this frequency and 
the voltage of the batteries, the maximum amplitude 
can be easily determined from the measured frequency, 
since it corresponds to the stimulation frequency 
The present invention makes it possible to determine 

the threshold value of the stimulus heart with simple 
and cheap parts requiring little space in a continuously 
reproduceable way and with precision and safety. Thus 
it is possible to determine expected life duration of the 
heartbeat actuator relatively to the required amplitude 
height provided by the heart threshold value of the 
stimulus. 
What is claimed is: 
1. A heartbeat actuator, particularly an implantable 

heartbeat actuator, comprising a condenser, a charging 
circuit connected with said condenser for controlling 
pulse amplitude, means producing stimulating im 
pulses, said charging circuit including a digital counter 
actuated by the pulses and a plurality of resistances 
connected thereto, whereby the counter combines the 
resistances to control pulse amplitude, said resistances 
having values arranged according to a geometrical row, 
means combining said resistances with each other, and 
means connected with said condenser and said im 
pulse-producing means for applying the generated im 
pulses to the heart, the combined resistances being 
switched into said charging circuit by said counter so 
that the lowering of the amplitudes takes place in pre 
determined equal steps. 
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