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[57] ABSTRACT 
Device for stimulating the heart comprises means for 
producing stimulating pulses at regular intervals and 
_means‘ responsive to spontaneous heart signals for . 
controlling the transmission of said pulses to the heart 
in dependence upon the timing and magnitude of the 
spontaneous heart signals and/or the average intramy 
ocardial pressure. In the absence of spontaneous heart 
signals, stimulating pulses are produced at predeter 
mined intervals. When spontaneous heart signals oc 
cur, an adjustable waiting period is introduced in 
whichto allow a second spontaneous signal instead of 
av stimulating pulse. The duration of the waiting period 
is varied as a function of the interval of time which 
separates two consecutive spontaneous detected sig 
nals (i.e., not separated by any arti?cially induced 
heart signal). ' 

61 Claims, 23 Drawing Figures 
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HEART PACER _ 

SUMMARY OF THE INVENTION 

This invention relates to a method and apparatus for 
the electrical stimulation of the cardiac muscle. 
Known devices for electrically stimulating the car 

diac muscle include demand heart pacers which nor 
mally stimulate the cardiac muscle at a given frequency 
by transmitting thereto stimulating impulses at prede 
termined intervals corresponding to that frequency. 
When a spontaneous electrical signal (called a heart 
signal) from the cardiac muscle occurs which is de 
tected by the electrodes and corresponds, for example, 
to a cardiac systole, the stimulation is interrupted after 
this signal for a constant waiting period regardless of 
whether the spontaneous systole is early or late, and re 
gardless ofthe nature of this systole. Such devices, 
while currently in use, have a number of disadvantages. 

’ In particular, they offer only an unpersonalized re 
sponse to the several electrical manifestations which 
may be produced by the cardiac muscle and may, in 
certain cases, prevent the heart from returning to beat 
ing‘normally when it indicates a tendency to do so, and, 
in other cases,,permit a dangerous characteristic heat 
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rhythm to be established when it should on the contrary ' 
provide corrective intervention. 

It is an object of the present invention to provide a 
process and apparatus making it possible to adapt the 
arti?cial electrical stimulation to the instantaneous 
condition of the cardiac muscle so as to supply a stimu 
lating-response which takes into account whether the 
spontaneous systoles are or are not dangerous. 
Another object of the invention is to provide a 

method and apparatus making it possible to take the 
cardiac muscle under control when a rapid and danger 
ous spontaneous rhythm tends to become established. 
Another object of the invention is to provide a 

method and apparatus'making it possible to let the 
heart beat at its own characteristic rhythm when non 
dangerous delayed spontaneous systoles occur. 
Another object of the invention is to provide a pro 

cess and apparatus for temporarily increasing the fre 
quency of the stimulation when a dangerous rhythm 
tends to become established. 
Another object of the invention is to differentiate the 

responses in dependence on whether the detected elec 
trical signals are of ventricular or auricular origin. 
Another object of the invention is to also provide 

means for adapting. the stimulating response to the he 
modynamic conditions and/or the intramyocardial 
pressure. - . 

Another object of the invention is to provide inex 
pensive and reliable devices .which may be simply ad 
justed to adapt the responses of the devices very pre 
cisely to the instantaneous state of the cardiac patient. 
Yet another object of the invention is to provide a de 

vice of very simple construction, which is very reliable 
and consumes very little electrical energy so that it may 
be implanted in the body. , 
Other objects and advantages of the invention will 

appear from reading the following description of the 
invention, with reference to the accompanying draw 
ings in which: 
FIG. I is a schematic view of an electrocardiogram 

illustrating the’process according to the invention; 
FIG. 2 is a general schematic view ofa device accord 

30 

35 

45 

55 

60 

2. 
ing to the invention comprising three parts A, B and C; 
FIG. 3 is an alternative embodiment of the part A; 
FIG. 4 is a detailed circuit'dia'gram of the apparatus 

shown in FIG. 3; ' 
FIGS. 5 and 6 are graphical representations illustrat 

ing the operation of the device of FIG. 3; 
FIG. 7 shows another embodiment of the part A; 
FIG. 8 is a circuit diagram of the delay means of FIG. 

7; ‘ 

FIG. 9 is a diagramatic representation illustrating the 
operation of FIG. 7;v 
FIG. 10 shows another embodiment of the device of 

FIG. 7 adapted to detect ventricular, systoles; 
FIG. 11 is a diagram illustrating the operation of FIG. 

10; ‘ 

FIG. 12 is another embodiment of the apparatus of 
part A; , 
FIG. 13 is a circuit diagram of the device shown in 

FIG. 12; 
FIG. 14 is a diagram illustrating the operation of the 

device shown in FIG. 12; 
FIG. 15 shows another embodiment of the part A; 
FIG. [6 schematically illustrates yet another embodi 

ment of the part A; 
FIG. 17 illustrates an example ofthe function Y of K; 
FIg. 18 is a circuit diagram of the part C; _ 
FIGS. 19, 20 and 21 show a device responsive to the 

intramyocardial pressure; ‘ ‘ 

FIG.v 22 is a schematic view of another embodiment 
of the part A; and 

FIG. 23 is a diagram illustrating the operation of the 
device of FIG. 22. ‘ I 

GENERAL DESCRIPTION OF THE PROCESS 

It is the object of the invention to provide a method 
of electrically stimulating the cardiac muscle by means 
of an automatic device comprising one or more stimu 
lating and detecting electrodes, in which method elec 
trical stimulating impulses having a predetermined fre 
quency are transmitted to the cardiac musclein the ab 
sence of a spontaneous systole,‘ and the transmission of 
a stimulating electrical impulse is'delayed for a prede 
termined waiting period when a spontaneous systole of 
at least a certain type occurs after a stimulating im‘ 
pulse. The waiting period may be of two different dura 
tions, at least the shortest of which is less than, or at 
most equal to, the predetermined period, and the 
choice of one of the two durations is determined by the 
interval of time separating the spontaneous systole 
from the stimulating impulse which directly preceded 
it. The selected duration of said waiting period is an at 
least partially increasing function of said interval of 
time. 
» FIG. 1 represents an electrocardiogram illustrating 
the process according to the invention. On this electri 
cal cardiogram three spontaneous systoles SS are 
shown. After the third spontaneous systole, there is no 
further spontaneous systole and, in a conventional 
manner, the device waits a certain period of time .I. 
When no systole occurs during this time, the automatic 

, device, of the demand heart pacer type, transmits a 
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stimulating impulse I which immediately results, at the 
detection stage, in an electrosystoles ES. Since no 
spontaneous systole appears, there‘ are thus provided, 
as in a conventional heart pacer, three consecutive 
stimulating pulses I separated by the time period X 
which constitutes the predetermined stimulating period 
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in the absence of the appearance of extrasystoles or 
spontaneous systoles. After the third pulse I, a new 
spontaneous systole SS, is produced, which is separated 
from the immediately preceding pulse 1 by an interval 
of time K,. From this moment, in accordance with the 
invention, a waiting period is permitted to pass which 
is represented on the drawing by Y,. The drawing also 
shows at I’ the moment at which the next stimulating 
pulse would have taken place if SS, had not taken 
place. If, as shown on the drawing, no new spontaneous 
systole appears during the period Y,, the apparatus 
emits a stimulating pulse l, at the end of this period. 
Since no new spontaneous systole appears after I,, the 
device resumes its stimulation at the intervals X by 
transmitting pulses I as shown on the drawing. If, after 
such a pulse I, for example the ?rst one on the drawing, 
a new spontaneous systole SS2 appears, a new waiting 
period Y, is initiated and if no spontaneous systole oc 
curs during this time, a stimulating pulse 12 is transmit 
ted to the cardiac muscle at the end of the delay period 
Y2. 

In accordance with the invention, the waiting period 
Y (such as Y, or Y2) may have any one of several dif 
ferent values, these values being preferably the smaller 
as the interval of time, such as K, or K2 separating the 
spontaneous systole from the preceding stimulating 
pulse is the smaller. As shown on the drawing, the value 
Y, is smaller than the value Y2 because the period K, 
is less than the interval K2. More exactly, it willbe seen 
on the example shown on the drawing that Y, is less 
than the period X, and Y, is greater than the period X. 
Of course Y, and Y2 may both be less than the interval 
~X. On the other hand, in accordance with the inven 
tion, Y is an increasing function of K, when K increases 
over a part at least of its range of variation. Neverthe-, 
less, in certain particular applications, Y may be a de 
creasing function of K over a certain part of the range 
of variation ofK. 
When, before the end ofthe waiting period, generally 

represented by Y, a new spontaneous systole takes 
place, a new waiting period is established. In a first em 
bodiment, this new waiting period is selected, like the 
length of the waiting period Y, as a function, this time 
of the interval of time separating the new spontaneous 
systole from the preceding spontaneous systole such as 
SS, or $8,. In a second embodiment of the invention, 
this new-waiting period is, on the contrary, fixed, and 
preferably equal to the predetermined stimulating pe 
riod (X on the drawing). This means that if two directly 
consecutive spontaneous systoles take place, the sec 
ond systole is treated as a stimulating pulse and the nor 
mal rhythm of stimulation at the predetermined inter 
vals X is resumed. ’ 

In one particular embodiment of the invention the 
different values (such as Y, and Y2) of the waiting pe 
riod are discontinuous, the highest values being gener 
ally attained for the longest delayed spontaneous systo 
les and the lowest values for the most premature systo 
les. Thus, by way of example, if the predetermined in 
terval X is 900 milliseconds, the waiting period Y is 600 
milliseconds if the interval of duration K separating the 
spontaneous systole from the immediately preceding 
stimulating impulse is less than or equal to 500 millisec 
onds, but equal to 800 milliseconds if K is between 550 
and 750 milliseconds, and equal to 1,100 milliseconds 
ifK is between 750 and 900 milliseconds. The three dif 
ferent values of the waiting period are thus respectively 
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4 
600, 800 and 1,100 milliseconds. It will be seen that in 
this particular example the highest value of the waiting 
period is longer than the interval X. It could, however, 
be equal to or less than this period. In all cases, as has 
already been said, the smallest value, at least, of the 
waiting period, is less than or exactly equal to the dura 
tion of the interval X. 
However, in a preferred embodiment of the inven 

tion, the different values of the waiting period are ar 
ranged in a continuous manner and the waiting period 
is then a continuous, generally increasing, function of 
the interval of time separating the last pulse from the 
consecutive spontaneous systole. This function may, 
however, have steps, especially when the interval ap 
proaches the value of said'predetermined period X, or 
on the contrary, when the interval K becomes very 
small. 

Nevertheless, in certain applications, the continuous 
function Y of X may have a decreasing portion over a 
certain portion of the range of variation of K. 
By way of example, FIG. 17 shows the graphical rep 

resentation of this function. The ordinate shows the du 
ration Y of the waiting period before stimulation, while 
the abscissa, decreased by 400 milliseconds, (for rea 
sons of expediency hereinafter explained) shows the 
interval separating a spontaneous systole from the di 
rectly preceding stimulating pulse. The abscissa thus 
shows the value K-400 milliseconds. This curve may 
comprise horizontal segments, especially for the high 
est values of Y, which moreover, be greater than the 
period X. 
When the largest values of the waiting period Y are 

greater than X, that is to say, greater than the period 
of stimulation in the absence of a spontaneous systole, 
the value of the interval K beneath which Y is less than 
X and above which Y is greater than X lies preferably 
in the second half of the period X which follows the 
stimulating pulse I directly preceding the spontaneous 
systole which causes a waiting period. This limiting 
value is shown at m on FIG. 2. Naturally, if Y is a con 
tinuous function of K, Y is equal to X and K is equal 
to the distance separating I from m. 

In one embodiment of the process according to the 
invention the waiting period is always greater than the 
interval separating a spontaneoussystole from the im 
mediately preceding stimulating pulse, or, in an alter 
native form already mentioned, from the immediately 
preceding spontaneous systole. This means that Y is 
greater than K. On the contrary, in another form of the 
invention, Y is always less than K. In this particular em 
bodiment, it is obviously impossible to have in the elec 
trocardiogram three spontaneous systoles SS separated 
from each other by identical periods of time, as shown 
at the left of FIG. 2. This alternative has the advantage 
of insuring energetic taking in hand of the cardiac mus 
cle while leaving it the least possible time within which 
to produce spontaneous systoles. However, in a third 
embodiment, Y may be greater than K when K is large 
and less than K when K is small. It is thus possible to 
check premature spontaneous systoles while lengthen 
ing the waiting period for delayed spontaneous systoles, 
so as to encourage the cardiac muscle to beat at its own 
characteristic rhythm, but at a frequency which is not 
too high. 
As has been seen above, the process according to the 

invention is put in operation when a spontaneous sys 
tole of at least a certain type appears. By “systole" is 
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meant any electrical signal of sufficient strength re 
ceived on at least one of the electrodes, regardless of 
whether there is or is not a contraction of the cardiac 
muscle. Thus, in a preferred embodiment of the inven 
tion, the process takes into account only those sponta 
neous systoles which occur after the end of the refrac 

‘ tory period of the cardiac muscle, and the systoles 
which take place during this period are not taken into 
account. This refractory period is, for a normal cardiac 
rhythm, for example on the order of 300 to 400 milli 
seconds after a spontaneous systole or an electro 
systole. However, according to‘ the invention, the 
choices of the type of spontaneous systole which is 
taken into account may also be a function either of the 
shape of the systole on the electrocardiogram or of the 
origin of the spontaneous systole. Thus, the systoles of 
a certain type may, for example, be limited to ventricu 
lar extrasystoles, which are often the most dangerous. 

In this .case, the detecting electrode may, in accor 
dance with the invention, amount to a waveform dis 
criminator (which will be hereinafter described) or a 
plurality of electrodes may be used which are located 
in, or in contact with, the cardiac muscle, the first elec 
trode exciteddetermining the origin of this spontane 
ous systole.. ‘ 

In accordance with an improved form of the inven 
tion, the stimulating pulse normally. delivered, or deliv 
ered after a waiting period according to the invention, 
may be at least doubled or its strength may be automat 
ically adjusted, to increase it if a spontaneous systole 
appears, when the interval of time K is smaller. This as 
sures more certain electrical control of the cardiac 
muscle, the electrical conductivity of which varies as a 
function of the instantaneous frequency of the. systoles. 

In accordance with another improvement of the in-' 
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vention the basic stimulating frequency, that is to say _ 
the predetermined period X, is increased in a tempo 
rary manner. Y'may also be diminished simultaneously 
to adapt it to this new period X. These alternatives may 
be selected in dependence on various factors as will be 
seen from the following. 
Thus, if it is found that, despite the variation in the 

waiting period Y, too large a number of spontaneous 
systoles are produced, these spontaneous systoles are 
automatically counted, and when, for a predetermined 
number of systoles one has counted too large a number 
of spontaneous systoles, the base period X is automati 
cally decreased. 

In another alternative,‘ this base period varies as‘ a 
function of the intramyocardial pressure detected, as 
will be hereinafter described. It is also possible to de 
tect by suitable pick-up means the hemodynamic char 
acteristics so as to regulate the rhythm and shape of the 
stimulating pulses and to the waiting period. 

GENERAL DESCRIPTION OF THE APPARATUS 

50 
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The invention alsorelates to a device for carrying out i 
, the aforesaid process and comprises stimulating means 
controlled by a time base to deliver at a‘ predetermined 
frequency electricalpulses for stimulating the cardiac 
‘muscle through at least one preferably cardiac elec 
trode, time delay means to control said stimulating 
means, after a waiting period, by substituting itself tem 
porarily for the time base, said delay means being 
adapted to be brought into at least two different states 
for each of which said waiting period has a different 
length, at least one of the lengths being less than or at 
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6 
most equal to the predetermined‘ waiting period, means 
for detecting spontaneous cardiac systoles comprising 
at least one preferably cardiac electrode and for con 
ducting electrical pulses corresponding to the sponta 
neous systoles detected to said time delay means to ini 
tiate said waiting period, which corresponds to the state 
in which the delay means ‘are found at this instant, and 
means to shift said time delay means successively from 
one of said states into the other as a function of the. 
time which has elapsed since tht last stimulating pulse. 

Said stimulating means may be any conventional 
means adapted to transmit a stimulating pulse so at . 
least one electrode when actuated by'said time base, or 
by said time delay means, at the end of the waiting pe 
riod. 
The time base may also be of a conventional type. It 

is thus possible to use as a time base, for example, a ca 
pacitance which charges itself periodically through a 
load resistance and actuates, when charged to a suffi 
ciently high potential, a device such as a programmable 
unijunction transistor. It is also possible to use an asta 
ble switch or multi-vibrator which periodically initiates 
the stimulation. It is also possible, as an alternative, to 
use as a time base a pulse generator operating at a given 
frequency'and associated with any suitable counting 
means, for example, a ?ip-flop counter or step-by-step 
integrator. This counter when the number of predeter» 
mined pulses has been counted, causes the emission of 
a stimulating pulse. 
The delay means are responsive to the spontaneous 

systole pulses coming from the detecting means and 
may be in either'of two'different states, so as to initiate 
the waiting period corresponding to their state at the 
moment at which they are actuated, and actuate said 
stimulating means at the end of said waiting period. It 
is thus possible to use as delay means two condensers 
(i.e., capacitors), each comprising a charging resistor, 
and both connected to trigger means such, for example, 
as a programmable unijunction transistor, with one of 

g the condensers charging from an initial potential ‘ 
slightly higherthan the initial potential of the other 
condenser, but increasing in potential more slowly the 
other condenser, so that the potential of this other con 
denser in time overtakes thepotential of the first con 
denser, thus actuating a device such as the unijunction 
transistorpThe later the second condenser starts charg 
ing after the ?rst condenser has begun to charge, the 
longer the time which will be required for it to overtake 
the potential of the ?rst condenser. In this embodi 
ment, the state of the delay means is thus determined 
by the potential which has been- attained by the said 
first condenser at the moment at which a spontaneous 
systolic pulse occurs to initiate charging of the second 
condenser. Of course, instead of using the charging pe 
riods of the condensers, it is possible to use their dis 
charge periods. " 

In another embodiment of the invention, said delay 
means may consist of a single condenser associated 
with a discharge resistance. This condenser is charged 
through a charging resistance which may be the same 
as the discharge resistance, but which is preferably dif 
ferent. When a spontaneous systolic pulse takes place 
the charging of the condenser is interrupted and the 
condenser discharges through the discharge resistance 
up to the point at which the potential reaches a ?xed 
value from which, through appropriate means, it causes 
a stimulating pulse to beproduced. It will be appreci 
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ated that the higher the charging potential is when this 
I pulse takes place, the longer the discharge to the fixed 
potential constituting the stimulating threshold will 
take. In this case the state of said time delay means is 
determined by the potential to which the condenser is 
‘charged during the occurrence of a spontaneous sys 
tole. 

In another embodiment of the invention said time 
delay means comprise several monostable multivibra 
tors having different periods in the unstable state, at 
least one of which is less than said predetermined wait 
ing period. These different multivibrators are con 
nected to a electronic actuated rotary switch directing 
the spontaneous successive systolic pulses as a function 
of time to the different monostable multivibrators. The 
state of these time delay means is thus determined by 
the position of the rotary electronic switch. 

In another embodiment of the invention, the delay 
means comprises a digital pulse counter. Said pulse 
counter counts a certain ‘number of pulses from a pulse 
generator and, when it has counted the last of these 
pulses, actuates the stimulating means. The number of 
pulses which said counter must count is for example, 
determined by another number of pulses which has 
been previously counted, the state of said delay means 
being thus determined by the number of pulses previ 
ously counted and thus by the state of the counter. 
This means for changing the state of one of said delay 

means as a function of the time elapsed since the last 
stimulating pulse may also be made in various ways. 
Thus they may comprise a source of potential and a 
charging resistance associated with a capacitance. The 
charging of said capacitance starts at the moment at 
which an electrical stimulating pulse takes place, or, as 
an alternative, at a predetermined time after such a 
pulse. The potential attained by said capacitance at the 
moment at which a spontaneous systole is detected thus 
determines thestate of the associated delay means, for 
example, a discharge resistance associated with the ca 
pacitance. 
Thus when the delay means comprises two condens 

ers, the means for changing the delay means from one 
state to another comprise a source of energy and the 
charging resistance of the slower condenser. The same 
is true of the variation utilizing only a single condenser. 

In the variation in which said delay means comprises 
several monostable multivibrators which are made suc 
cessively responsive, said means for changing the state 
-of one of these delay means comprises means advanc 
ing the rotary electronic switch at a predetermined 
speed from an initial position corresponding to the oc 
currence of a stimulating pulse. The means for chang 
ing the time delay means from one state to another may 
also comprise digital means including a pulse generator 
and a counter, for example one which is automatically 
reset to zero at each stimulating pulse. Beginning when 
a stimulating electrical pulse takes place, the counter 
recommences to count the pulses which it receives 
from the pulse generator. When a spontaneous systole 
occurs, the state of the time delay means is determined 
by the number of pulses counted. When the time delay 
means also comprise a counter, this second counter 
counts a number of pulses determined by the number 

_ of pulses which has previously been counted up to that 
time by the first counter. The number of pulses counted 
by the second counter may be, for example, the same 
as the number previously counted, in which case the 
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8 
waiting period may be equal to or different from the in 
terval of time separating a spontaneous systole from the 
arti?cial electrosystole immediately preceding it. Of 
course, in all embodiments, it is advantageously possi 
ble to use common electrical or electronic compo 
nents, for example for the time base, and/or delay 
means, and/or means for changing the state of any of 
the delay means. 
The means for detecting spontaneous systoles com 

prises at least one detecting electrode, which may be 
the same as the stimulating electrode, and which is 
adapted to detect cardiac electrical phenomena. Pref 
erably, temporary cut-off means are provided to avoid 
detection of the cardiac systole directly provoked by an 
articifical electrostimulation ES. Cut-off means may 
also be provided to prevent the detection of any car 
diac electrical phenomena during a fixed time which 
follows a stimulating pulse ES, so as to avoid taking into 
account phenomena which take place during the re~ 
fractory periods of the cardiac muscle. Finally, said de 
tecting means may comprise different selecting means 
making it possible to insure the transmission to the 
delay means of only these pulses received from particu 
lar systoles, either as a function of the moment at which 
such a systole takes place, or as a function of its origin 
(auricular or ventricular). This is made possible by uti 
lizing two electrodes and determining the position of 
the electrode which first detected the electrical phe 
nomenon of this systole, or by using means responsive 
to a characteristic of the electrical systolic pulse, such 
as its shape, length, amplitude, etc. ' 
The device which has been described may take sev 

eral forms. It may be that a spontaneous systole de 
tected which has triggered the time delay means will be 
followed by a second spontaneous systole before the 
end of the waiting period. In a first embodiment of the 
invention means vare provided to return the different 
electronic components of the device to their original 
state so that a second systole is considered by the de 
vice exactly like an arti?cial stimulating pulse. 

In another variation of the invention however, means 
may be provided to again trigger the time delay means 
to provide a waiting period corresponding to the state 
in which said provide a waiting period corresponding to 
the state in which said time delay means is found at the 
moment at which the second systole takes place. In this 
case said time delay means are preferably divided into 
two parts as will be hereinafter seen. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A. FIRST EMBODIMENT 
This first embodiment relates to a device comprising 

two condensers which are charged at two different 
speeds, the potential of one condenser being adapted 
to overtake the potential of the‘ other condensenThis 
device is described with reference to FIGS. 2, 3, 4, 5 
and 6. 
Referring first to FIG. 2, the device according to the 

invention comprises three parts, A, B and C, of which 
only parts A and B will now be described. Part C is 
hereinafter described since it is not indispensable to the 
operation of parts A and B. Part B comprises an intra 
cardiac catheter I which terminates in several elec 
trodes 2, certain of which are positive, while others are 
negative. These electrodes 2 act both as detectors and 
as stimulators for the cardiac muscle. The electrodes 2 




































